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ABSTRACT

The results of  previous studies show that students of  Physics Education (S1 and S2), FKIP Syiah Kuala Univer-
sity more than 50% do not understand the programs and roadmap of  Pilar ASEAN Socio-Cultural Community 
as a part of  the ASEAN Economic Community (AEC). The inference of  those results to the implementation 
of  learning physics and science education system needs to be implemented through a link and match learning 
model that can improve the ability to think critically and creatively, and students need to be trained to be problem 
solvers, not the problem makers.Based on these problems, through this research has been applied physics learn-
ing by using Problem Solving strategies on ​​25 students of  Master of  Physical Education and Science. At the end 
of  the implementation study measured the ability of  students to apply problem-solving strategies in accordance 
with Answer Sections of  Problem Solving adopted from previous research. The results showed that the majority 
of  students (78%) are able to implement the stage I (Focus on Problem) with a complete, almost all respondents 
(91%) was only able to implement the stage II (Describe the Physics) of  about 40%, almost all respondents (91% ) 
can apply for the stage III (Plan The Solution) approximately 80% of  all respondents have been able to implement 
the stage IV (Excute the Plan) perfectly, and all respondents have been able to apply the stage V (Evaluate the 
Answer) completely. It is expected that all staff  of  teaching Science materials (Physics), they are recommended 
strongly to implement Problem Solving as an alternative strategy for preparing students to face global competition 
in the ASEAN Economic Community (AEC).
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INTRODUCTION

The Society of  Southeast Asian countries 
formed an organization in Bangkok on August 8, 
1967, known as ASEAN. The main objective of  
thisinstitution is to create and maintain the secu-
rity and peace in the region of  Malaysia, Indo-
nesia, Thailand, Singapore, and the Philippines. 
After 30 years later, or rather the establishment of  
ASEAN in 1997 goalsincerased to the economic 
sectors and social life, so in the end they come 
to an agreement to establish the ASEAN Econo-

mic Community (Hakim, 2013). The members of  
ASEAN Economic Community or shortened by 
the AECin 2003 in Bali, Indonesia had built the 
three main pillars, namely (i) the AEC (ASEAN 
Economic Community), (ii) the ASEAN Security 
Community and (iii) the ASEAN Socio-cultural 
Community (Arifin, 2007; 2008).

Roadmad pillar of  Socio-Cultural Com-
munity (SCC) included in the educational, social 
and religious. Supposedly every learner, whet-
her at low, medium and higher education levels 
must understand well what are Roadmad of  the 
pillars of  the ASEAN Socio-cultural Community 
(Halim et al., 2015). The main objective of  the *Alamat korespondensi: 
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pillars are forming Human Resources (HR) in 
the ASEAN region to compete in the Southeast 
Asian region and also within the scope of  Inter-
national broadly. Therefore, for the success of  
the SCC ASEAN pillars implementation, at the 
higher level education learning model to adopt 
the link system and match through the learning 
model based on the ability to think critically and 
creatively, and students need to be trained to be 
problem solvers, not to be problem makers (Zam-
rozi, 2000; Wangke, 2014).

Problem Solving is one of  the strategies to 
not only filled with a load of  knowledge (Cogni-
tive Load) (Sweller, 1988), but also regarding the 
technical or procedural (Bagno, 1997), and has a 
strong correlation with the leraners’ structure of  
knowledge (Toth, 2009). In other words, learning 
activities Problem Solving strategies include cog-
nitive and psychomotor domains (Frederiksen, 
1984), as well as the realm of  attitudes (Caballero 
et al, 2011). Some research indicates that through 
the implementation of  strategies Troubleshooting 
formed two models of  problem solving, the mo-
del expert (expert performance) and a model be-
ginner (novice performance) (Larkin et al, 1980, 
1980a; Schoenfeld, 1982; Kook, 1991). Besides, 
some of  the results also showed that the imple-
mentation of  Resolution Issues strategy is bet-
ter done in a group than individuals (Heller et 
al, 1991),It needs cognitive skills, metacognitive 
skills, and motivational skills (Mayer, 1998), and 
can be developed representative metal (Savels-
bergh, 1998). However, in the implementation of  
the Problem Solving strategy the solver intuitive 
are still affect both at the strategy starters stage 
(diSessa, 1993), or at the strategy undertaken sta-
ge done by experts (Sherin, 2005).

Despite the problems faced by the students 
in social life and culture is more complex, real-
time, and various, it turns out that the students 
who have been trained and familiar with the 
strategy Problems Solving for physics problems 
in open-ended and unstructured forms (ill-struc-
tured) can easily be solved (Ogive, 2009). Results 
of  other studies also show that students who have 
been trained to solve the problem of  non-routine 
forms by multi-solution method is better than the 
students who are trained in methods of  single-
solution (Lee et al, 2014; Bahar, 2015).Two of  
the latest research results as well as some previo-
us research results give a strong recommendati-
on that any problems that would be faced by the 
students in social and cultural life (Socio-culture 
Community), either in the form of  close-ended 
(well-structured) or open-ended (ill- structured) 
will be resolved easily by the students who have 

been trained and are familiar with problem sol-
ving strategies.

There are some attempts have been made 
in the higher education to face the global com-
petition in the ASEAN Economic Community 
(AEC). Among the efforts to prevent the collapse 
of  the culture and language through the preser-
vation of  local literature in the form of  teaching 
materials (Sultoni, 2015), setting up of  IT human 
resources with Scientific approach (Sholikha, 
2015), to prepare the students to be entrepre-
neurial through the development of  learning ma-
terials based on Life Skill (Khoiri et.al ., 2011), to 
prepare the teachers who are able to compete and 
anti-corruption to include subjects of  anti-Cor-
ruption in the syllabus LPTK (Murdani, 2014), 
and create a generation that mastered the techno-
logy through the provision of  Basic Concepts of  
Science in Primary School students (Hidayah, 
2014 ). As we know that we lack of  data and in-
formations how the efforts of  higher education in 
preparing human resources who are able to com-
pete globally in the AEC, through this study, it is 
possible to provide the students with the ability of  
accomplishing problems either closed-ended and 
open-ended.

METHOD

This research using Pre-Experimental De-
sign approach in which the respondents were se-
lected without going through random sampling 
and diagram for this design are shown in Table 1.

Table 1. Pre-Experimental Design

Source: (Fraenkel et.al., 2012).

The number of  respondents involved in 
this study are 25 students of  the Physical Educa-
tion Master degree and Science. The treatments 
used at the first meeting is to stock the basic theo-
ry and practice to solve physics problems through 
Lecture and Discussion method (Kohl & Fin-
kelstein, 2006). Respondents are also introduced 
and explained the rubric characteristics of  phy-
sics problem solving assessment in the form of  
closed-ended or routine problems. While at the 
second meeting of  the respondents were given 
two forms of  assessment rubrics, they are; forms 
that have been filled (as a lecturer grip) and a 
blank form (for training the students).

	 For sections that have been filled, the res-
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pondents were asked to give Grade on each item 
for each stage of  the strategy to Troubleshooting. 
While for the blank rubric, the respondent was 
asked to be able to fill in the answers, according 
to the stages Troubleshooting strategy model 
(Heller et.al, 1991). The students’ ability data to 
solve problems of  physics are collected using a 
standard “Problem SolvingResponse Rubric” 
adopted from the research (Halim et al, 2010). 
Descriptive analysis of  the answers are based on 
the completeness of  student answers for every 
stage of  Problem Solving strategies compared 
with standard stages which are carried out by an 
expert (the standart stages of  Troubleshooting 
Strategy).

RESULTS AND DISCUSSION

Overall results of  the study are shown in 
Figure 1. The figure shown in comparison of  
completeness of  respondents between each stage 
of  Troubleshootingstrategy. The results discussi-
on are discussed based on the stages of  Problem 
Solving strategy. 

Stage I (Focus on the Problem).
Based on the bar chart in Figure 1.1 abo-

ve, it can be seen that the stage I (Focus on the 
Problem), most respondents (78%) can complete 
this stage completely (100%), but there is also a 
small proportion of  respondents (22%) was only 
able to complete this stage of  approximately 50%.
Some of  the relevant research results indicate that 

this stage (Focus on the Problem) on the strategy 
undertaken by beginners (Novice strategy) is invi-
sible and difficult given the score compared with 
the strategy undertaken by experts (Heuvelen, 
1991; Cock, 2012; Docktor, et .al, 2015).

The results of  interviews with respondents 
showed that most of  them (90%) in the stages be-
fore, has never been revealed in the form of  visual 
or words, but only in the minds of  the respon-
dents, it is often called the “unwritten customs” 
in the problem-solving physics(Montague, et.al., 
2000). But after the respondents were given the-
oretical and practical physics problem resolving 
the standard has increased very well at this stage.

Stage II (Describe the Problem)
This stage or a stagethat explain the prob-

lem in physics, is found only in the strategy of  
Problem Solving Problems of  physics, which was 
designed by Heller in Tuminaro & Redish (2007), 
while the model Polya, which is widely used in 
mathematics, has four stages, not including this 
stage II (Xin et al, 2005). Most respondents (90%) 
was only able to fill 40% of  the full answer in this 
second stage.In other words, many respondents 
who did not fill the solution in the second stage. 
One reason is that the respondent is uncommon 
or rarely taught the solution in the second stage, 
either at college or at the high school level. This 
is consistent with the findings made by Ibrahim 
& Robello (2013) of  19 engineering students who 
take kinematics course, none of  which showed a 
visual depiction of  metal in the form or expressi-
on in words.

Figure 1. The Completeness of  respondents Answer for each stage
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Stage III (Plan the Solution)
The solutions activities in this stage, inclu-

ding measuring the ability of  respondents to ana-
lyze the equation, compose what variables should 
be resolved first, checking the completeness of  
the information needed, whether it is necessary 
to form a new equation or not, and whether the 
units need to be converted or not. This kind of  
activity should be performed by the respondent. 
This fact is apparent from the results of  the res-
pondents in Figure 1. Approximately 90% of  res-
pondents were able to fill out a solution at this 
stage by about 80% complete. In the Problem 
Solving strategy practiced by beginners (Novice 
strategy) this stage can be completed perfectly 
(Schoenfeld, 1982).

Stage IV (Execute the Plan)    
The capability of  the respondents in this 

stage is good, where all respondents can fill the 
solutions at this stage perfectly. One reason is that 
this stage is the form of  a solution that has been 
commonly done by the respondent to resolve the 
physics problems. The solution in this stage has 
no difference between the strategy undertaken 
by the beginners (Novice strategy) with the stra-
tegy undertaken by the Expert (Expert strategy) 
(Schoenfeld, 1982).

Stage V (Evaluate the Answer)
The ability of  respondents at this stage is 

good, where all of  the respondents can fill the so-
lution at this stage perfectly. Although this stage 
is rarely done by the respondents formally, but 
after being given the concept and trained to solve 
the physics problems, the respondents could write 
the solution at this stage perfectly. The solution 
at this stage was not too difficult, the activity is 
just checking the numeric values, units and marks 
obtained (- or +).

CONCLUSION

The overall students (respondents) have 
been able to apply the right Problem Solving stra-
tegy, although the stage II (describe the problem) 
has not been done nicely. This is due to the res-
pondents are not familiar with the contents of  
the requested solution in this stage. In the phy-
sics problem solving strategies, traditionally the 
respondents have never disclosed the solution as 
desired in stage II. The study results implications 
are expected to staff  that administer the subjects 
of  physics or science can develop an assessment 
rubric Problem Solving of  a lecturer version 
and a student version. It certainly would make 

it easier to train students in implementing Prob-
lem Solvingstrategy as main ability to face global 
competition in the ASEAN Economic Commu-
nity (AEC).
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ABSTRACT

N-hexane and methanol systen is one example of  a binary system that shows the solubility properties of  reci-
procity. This study aimed to assess the mental model of  a n-hexane-methanolbinary system. Interaction at the 
submicroscopic level between n-hexane and methanol molecules is described in the form of  mental model. Pe-
nelitian ini menggunakan cloud point method untuk memperoleh data kesetimbangan cair-cair sistem n-heksana-
metanol. This study used a cloud point method to obtain data on liquid-liquid equilibrium on the system of  n-
hexane-methanol. Research data showed the maximum critical temperature (above the consolute temperature) of  
this system was at 42.95 °C with Xmethanol = 0.475 (P= 715 mmHg). Data from the laboratory observations was 
representedas a symbolic level in the form of  the curve of  correlation between mole fraction of  methanol with 
temperature in a phase diagram system of  n-hexane-methanol. The curve that was formed was asymmetric. It 
indicated that the solubility of  n-hexane in methanol was relatively small compared to the solubility of  methanol 
in n-hexane. Mental model of  the binary system of  n-hexane-methanol in four curve areasin the form of  visuali-
zation of  the interaction between n-hexane and methanol molecules through London force. In thermodynamics, 
each component had the same chemical potential inboth phases at equilibrium state. This study results could have 
a contribution to form a mental model on the student as the prospective chemistry subject teachers.

© 2016 Science Education Study Program FMIPA UNNES Semarang

Keywords: n-hexane-methanol system; mental model, macroscopic level; submicroscopic level; symbolic level. 

INTRODUCTION

Physical chemistry is defined as the study 
of  which is based on the principles of  physics and 
mathematics terms that determines the properties 
and behavior of  chemical systems. The physical 
chemistry could be investigated at the level of  
macroscopic, submicroscopic and symbolic. By 
studying the material of  physical chemistry that 
refers to the phenomena observed (macroscopic), 
chemistry students can explain the phenomenon 
through submicroscopic explanation. The expla-
nation at the submicroscopic level is strongly sup-
ports the symbolic explanation in the form of  a 
derivative formula or a formula obtained from the 

observed phenomena. In principle, the students 
need to associate the phenomenon of  macro-
scopic, submicroscopic and symbolic in studying 
the material of  physical chemistry. It is intended 
that the students as the teacher candidates must 
fullyunderstand the chemistry, since they have to 
deliver it to their students in the future.

In order to achieve the goal of  chemistry 
fully understanding, the scientists present the 
concept into three levels of  representation to ex-
plain the chemical phenomena. First, the macro-
scopic level as the level that is consistent with the 
observation of  concrete objects. At this level, the 
students observe the chemical phenomena in the 
experiment. Second, the submicroscopic level as 
an abstract level; however, it is related to a phe-

*Alamat korespondensi: 
 Email: baityjabarmase@gmail.com
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nomenon that can be observed at the macroscop-
ic level. This level is characterized by concepts, 
theories and principles used to explain what is ob-
served at the macroscopic level, using things like 
the movement of  electrons, molecules, atoms, or 
ions. Third, the symbolic level that is used to de-
scribe chemical reactions and macroscopic phe-
nomena using chemical equations, mathematical 
equations, graphs, reaction mechanism, analo-
gies, and certain models (Jansoon et al., 2009).

Chittleborough (2004) presented that the 
students’ ability to understand and to decipher the 
chemistry representation reflects the level of  their 
mental models. Greca and Moreira (in Wang & 
Barrow, 2010) described the mental models as an 
internal representation constructed by a person to 
understand or to give a rational explanation of  a 
phenomenon of  experience. Mental models are 
used to produce a simpler concept, providing sup-
port for the simulation and visualization, as well 
as providing explanations for scientific phenome-
na (Coll, 2009).

The results of  research by Nyachwaya & 
Wood (2014) showed that most physical che-
mistry textbooks omit discussion of  how to link 
the mathematical representations to the macros-
copic level or submicroscopic level. The use of  
multiple representations to associate the macros-
copic level with submicroscopic level and symbo-
lic level is very limited, not more than 1% of  the 
overall pictures in the textbook. It is also found 
in the laboratory component in the physical che-
mistry lecture. The lack of  use of  this multiple 
representations certainly impacts the formation 
of  student mental models.

Phase equilibrium is one of  the study mate-
rials in physical chemistry lecture. The results of  
the previous studies indicated that there has been 
a student misunderstanding about the concept 
of  vapor pressure equilibrium, phase diagrams, 
phase changes, colligative properties and Rault’s 
law (Azizoglu et al., 2006). Also, there have been 
the misinterpretation on the concept of  evapora-
tion and vapor pressure (Conpolat et al., 2006) 
and misconceptions on the concept of  evapora-
tion, condensation and vapor pressure (Gopal et 
al., 2004).

Binary system is one of  the topics of  phase 
equilibrium in the physical chemistry lecture that 
is studied by the students of  chemistry teacher 
candidates. To date, the research on the topic of  
binary systems is only focus to examine the be-
havior of  binary systems in the laboratory (Dai 
& Chao, 1985; Alessi et al, 1989). There are no 
studies which evaluating the binary system by 
linking the three levels of  the chemical represen-

tation. System of  n-hexane and methanol is one 
example of  a binary system which shows the solu-
bility properties of  reciprocity as the focus of  this 
study. The interaction that occurs in the system 
of  n-hexane-methanol at a submicroscopic level 
is depicted in the form of  mental models. This 
study aimed to assess the further mental model 
of  the binary system of  n-hexane-methanol. This 
study was intended to contribute the formation 
of  a mental model of  the student of  chemistry 
teacher candidates.

METHODS

This study was a validation of  the binary 
system practicum procedure by using the cloud 
point method. The tools used in this study were 
test tubes, corks as the tube plug, beakers, hot pla-
te with a magnetic stirrer, the stand and clamp, 
thermometers, measuring pipettes and the ball 
respirators. Materials used to support the system 
were n-hexane and methanol (Pro-Analysis Gra-
de).

The temperature of  the water bath used 
was set at ± 55 °C to prevent the fast evaporati-
on process of  methanol. Methanol in amount of  
0.1 ml (± 2 drops) was incorporated into 5 ml n-
hexane in a test tube. When the obtained solution 
was not cloudy, the solution was then added back 
by 0.1 ml of  methanol. But if  the solution turned 
cloudy, the reaction tube was closed using the 
cork. The test tube was then heated along with 
its contents in the bath while stirring. The tempe-
rature of  the mixture was recorded exactly when 
the mixture turned from cloudy to clear (T

1
). The 

test tube was removed from the water bath, and 
then it was allowed to stand while stirring until 
cool. The temperature of  the mixture was also re-
corded at the time of  cloudy was appearing (T

2
). 

Based on this data, the mean temperature (T) was 
calculated and was accounted. These steps were 
repeated for several times.Data obtained from the 
optimization of  n-hexane and methanol system 
lab procedures was subsequently assessed desc-
riptively by explaining in the submicroscopic and 
symbolic level.

RESULTS AND DISCUSSION

The study was conducted at 715 mmHg 
air pressure. Table 1 represents the information 
about the physical and chemical properties of  
substances.

The results obtained from the addition of  a 
certain amount of  methanol into a 5 ml n-hexane 
are presented in Table 2.



Albaiti, Liliasari, Omay Sumarna / JPII 5 (1) (2016) 6-138

Diagram of n-hexane and methanol system 
Based on the data in Table 2, the curve in 

phase diagram of  the interaction between met-
hanol mole fraction with temperature could be 
constructed (Figure 1). 

Based on Figure 1, the asymmetrical-
shapedcurve (tend to skew to the right) shows the 
solubility of  n-hexane in methanol that is rela-
tively small compared to the solubility of  metha-

nol in n-hexane. This is due to the solubility of  
a substance that is also influenced by the size of  
the solute hydrocarbon chain. The longer the hy-
drocarbon chain, the smaller the solubility of  the 
solute.  Continuous chain molecules such as n-
hexane open chain, can straighten the molecules 
according to the chain winding (zig-zag), which 
allows the atoms of  the molecules occupy a po-
sition that corresponds to the radius of  van der 

Table 1. Density, molar mass, and boiling point of  n-hexane and methanol

Substance Density (g/ml) Molar mass (g/mol) Boiling point (oC)

n-hexane 0.660 86.18 69.0

Methanol 0.792 32.04 64.7

Table 2. Temperature of  the mixture of  5 ml n-hexane with methanol addition

Volume 
of 

methanol 
(ml)

Average 
temperature 

(T) (oC)

Methanol 
mass (gram) 

N-hexane 
mass (gram)

Mole 
Fraction of 
methanol

Mole 
fraction of 
n-hexane

0.1 Clear solution (methanol was dissolved in n-hexane) at 26oC

0.2 Clear solution (methanol was dissolved in n-hexane) at 26oC

0.3 Clear solution (methanol was dissolved in n-hexane) at 26oC

0.4 32.70 0.2640 3.3 0.177 0.823

0.6 38.10 0.4752 3.3 0.279 0.721

1.0 41.55 0.7920 3.3 0.392 0.608

1.1 42.15 0.8712 3.3 0.415 0.585

1.2 42.45 0.9504 3.3 0.436 0.564

1.3 42.85 1.0296 3.3 0.456 0.334

1.4 42.95 1.1088 3.3 0.475 0.525

1.5 42.80 1.1880 3.3 0.492 0.508

2.0 41.95 1.5840 3.3 0.564 0.436

3.0 39.30 2.3760 3.3 0.660 0.340

5.0 33.90 3.9600 3.3 0.763 0.237

Figure 1.The correlation curve of  mole fraction of  methanol to temperature in n-hexane-methanol 
phase diagram.

C
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Waals. Maximum towing of  van der Waals arises 
between the molecules of  n-hexane. Therefore, 
more energy is needed to overcome the van der 
Waals towing between molecules of  n-hexane re-
sulted in the smaller solubility (Fessenden & Fes-
senden, 1986).

Based on Figure 1, methanol and n-hexane 
can dissolve each other at any given composition 
when the system temperature was above 42.95 
°C. This temperature is called as the maximum 
critical temperature (consolute temperature) of  
the n-hexane-methanol system with X

metanol
 = 

0.475 (P = 715 mmHg). The obtained maximum 
critical temperature was closed to the results ob-
tained in Rothmund (in Alessi et al, 1989) that 
was equal to 43.5 °C. However, these results were 
not consistent with the results obtained by Alessi 
et al (1989) that was equal 35.15 °C. The diffe-
rences in the results obtained were thought to be 
caused by the presence of  water in methanol (pu-
rity level of  methanol). This study used methanol 
with a density of  0.792 g/ml. According to the 
results of  the research of  Alessi et al (1989) about 
the density of  methanol-water system as a func-
tion of  the mole fraction of  water at 298.15 K; it 
showed a mole fraction of  the water with a den-
sity of  methanol amounted to 0.792 g/ml around 
0.0349. Meanwhile, the methanol used by Alessi 
et al, (1989) had a density of  0.786846 g/ml and 
showed 99.9% purity of  methanol. Thus, the pre-
sence of  water in methanol could affect the data 
of  liquid-liquid equilibrium of  the n-hexane-met-
hanol binary system obtained.

Mental model of n-hexane-methanol system
The submicroscopic level visualization of  

the interaction that occured in the n-hexane and 
methanol mixture is presented in Figure 2.

Single-phase of  N-hexane-methanol system (region A)
Methanol is a polar substance that is po-

lar (dipole moment 1.69 D) while the n-hexane is 
a non-polar substance (dipole moment 0.08 D). 
Between the methanol molecules, there is an inte-
raction in the form of  hydrogen bonds. Meanwhi-
le, the interaction between molecules of  n-hexane 
occurs through London force. Molecularly, the 
hydrogen bond is stronger than the London force.

When methanol is added to the n-hexane, 
London force between then-hexane molecules 
and the hydrogen bonds between the methanol 
molecules will be disconnected. A new interac-
tion between n-hexane and methanol will be for-
med. However, the new interaction formed is dif-
ferent with the previous interaction. The energy 
required to break the hydrogen bonds is greater 
than the energy needed to alter the London force. 
Methanol molecules must compensate for losing 
some of  the hydrogen bonds and the formation 
of  a weak interaction between n-hexane and met-
hanol with new form of  hydrogen bonds in a new 
setting. The interaction in the system after mixing 
n-hexane with methanol is proportional to the st-
rength of  the interaction of  each substance in a 
separate state. For this reason, a small amount of  
energy is absorbed when a small amount of  met-
hanol can be dissolved in n-hexane, or vice versa.

The low solubility of  methanol in n-hexa-
ne or vice versa can be explained by the change 
in the entropy of  the system. When n-hexane is 
mixed with methanol, the particles formed by the 
new arrangement shows the lower entropy of  sys-
tem than the entropy of  each fluid (methanol and 
n-hexane) in a separate state. Naturally, there is a 
tendency toward entropy methanol and n-hexane 
in a separate state (higher entropy of  the system); 
therefore, both the liquid is difficult to mix (so-

Table 1. Density, molar mass, and boiling point of  n-hexane and methanol

Substance Density (g/ml) Molar mass (g/mol) Boiling point (oC)

n-hexane 0.660 86.18 69.0

Methanol 0.792 32.04 64.7

Table 2. Temperature of  the mixture of  5 ml n-hexane with methanol addition

Volume 
of 

methanol 
(ml)

Average 
temperature 

(T) (oC)

Methanol 
mass (gram) 

N-hexane 
mass (gram)

Mole 
Fraction of 
methanol

Mole 
fraction of 
n-hexane

0.1 Clear solution (methanol was dissolved in n-hexane) at 26oC

0.2 Clear solution (methanol was dissolved in n-hexane) at 26oC

0.3 Clear solution (methanol was dissolved in n-hexane) at 26oC

0.4 32.70 0.2640 3.3 0.177 0.823

0.6 38.10 0.4752 3.3 0.279 0.721

1.0 41.55 0.7920 3.3 0.392 0.608

1.1 42.15 0.8712 3.3 0.415 0.585

1.2 42.45 0.9504 3.3 0.436 0.564

1.3 42.85 1.0296 3.3 0.456 0.334

1.4 42.95 1.1088 3.3 0.475 0.525

1.5 42.80 1.1880 3.3 0.492 0.508

2.0 41.95 1.5840 3.3 0.564 0.436

3.0 39.30 2.3760 3.3 0.660 0.340

5.0 33.90 3.9600 3.3 0.763 0.237

Figure 1.The correlation curve of  mole fraction of  methanol to temperature in n-hexane-methanol 
phase diagram.

C

Figure 2. Mental model of  a single-phase of  n-hexane-methanol system in the region A of  the curve 
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N-hexane-methanol system in a single-phase above the 
curve

Increasing of  the system temperature until 
it reached a critical temperature could accelerate 
the process of  methanol dissolution in n-hexane. 
This was because of  the great thermal movement 
resulted in greater mixing capabilities in both 
components. The increasing of  the system tem-
perature resulted in a number of  energy absorbed 
by the system altered the interactions (the inter-
molecular attractive force), which acted between 
n-hexane and methanol molecules. The entropy 
of  the system was increased. As a result, the mi-
xing ability of  the two substances was greater. 
The mixing of  methanol and n-hexane above the 
maximum critical temperature resulted in the n-
hexane-methanol dissolution process could take 
place in any composition. Figure 5 is an examp-
le of  the interaction between n-hexane and met-
hanol molecules through London forces in additi-
on to the interaction between n-hexane molecules 
through London force as well.

The phase formula of  n-hexane-methanol 
system at a constant pressure is f  = c-p + 1. The 
degrees of  freedom (f) for the region in two pha-
ses (region B in the curve), which consists of  two 
components, namely the n-hexane and methanol 
is f  = 1. It only needs one variable to declare a 
state of  the system in this region. If  the selected 
variable is the temperature of  the system, then the 
tie line with the curve of  the second composition 
resulting in a conjugate solution (methanol in 
n-hexane and n-hexane in methanol). If  the se-
lected variable is the composition of  a solution 
of  the conjugate, then the system temperature 
and the other solution composition can be deter-
mined. Meanwhile, the degrees of  freedom for 
the region of  the phase (regions A and C on the 

lution becomes cloudy and form a two-phase). 
Possible interaction between the molecules of  n-
hexane and methanol molecules is London force. 
The hydrogen atoms of  the methyl group (hyd-
rocarbon) in methanol molecules will interact 
with hydrogen atoms from n-hexane molecules. 
In addition, the region A of  this curve shows an 
interaction between the n-hexane molecules in 
the form of  London force, the interaction is visu-
alized in Figure 2.
Single-phase of  n-hexane-methanol system (region C)

The relationship curve between temperatu-
res with n-hexane-methanol composition showed 
that the region C is the area of  a single-phase. It 
means that there is a dissolution process when ad-
ding a certain amount of  n-hexane into methanol 
at a certain temperature and air pressure at 715 
mmHg. Figure 3 shows the methanol molecules 
can bind to the molecules of  n-hexane through 
London force. Meanwhile, among other met-
hanol molecules is formed the hydrogen bonds.
The addition of  1.5 ml methanol into 5 ml n-hexane 
to form a two-phase (region B)

Mixing 1.5 ml methanol into 5 ml n-hexa-
ne produced a two-phase (two layers). This result 
showed shows the limitation of  solubility of  met-
hanol in n-hexane.According to the density of  
both substances, the majority of  n-hexane was on 
the top layer, while the majority of  the methanol 
was in the bottom layer. Figure 4 shows the inter-
action of  London force between methanol and n-
hexane molecules and the interaction of  London 
force between n-hexane molecules at layer 1 (the 
top layer). Meanwhile, at layer 2 (bottom layer), 
the interaction between n-hexane molecules is 
in the form of  London forces and the interac-
tions between methanol molecules is in the form 
through hydrogen bonds.

Figure 3. Single-phase of  n-hexane-methanol system (region C)
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curve and the region above the curve) is f  = 2. It 
is indicated that it takes two variables to declare a 
state of  the system in this area. If  the selected va-
riable is the composition of  a conjugate solution 
and the system temperature then other conjugate 
composition of  the solution can be determined.

The overview of standpoint of thermodynamics 
(chemical potential) phase equilibrium of the 
n-hexane and methanol system

Macroscopically, we can observe only two 
possibilities when the two liquids are mixed, i.e. 
a single-phase or a two-phase. The first possibility 
occurs when the solubility of  the first liquid in 
the second liquid has not been exceeded. The sec-
ond possibility occurs when the solubility of  one 
of  the liquids are exceeded and hence will occur 
in two phases, each of  which is a saturated solu-
tion. Both possibilities can be explained from the 

standpoint of  thermodynamics than the expla-
nation on the submicroscopic level with respect 
to the intermolecular attractive forces that have 
been described previously. When methanol is dis-
solved in n-hexane, then methanol in the chemi-
cal potential of  the solution can be expressed as 
.  is the chemical potential of  methanol in a pure 
state, whereas is the mole fraction of  methanol 
in the solution with the assumption of  an ideal 
solution. If  the chemical potential of  methanol in 
n-hexane is lower than the chemical potential in 
a state of  pure methanol, the dissolution process 
may still be ongoing. However, after the leaching 
process is beyond the point, the chemical poten-
tial of  methanol in the solution is greater than the 
chemical potential in a state of  pure methanol; 
the methanol transfer will occur to the outside 
of  the solution entering the pure methanol phase 
and eventually reach the equilibrium state.

Figure 4. Mental model of  a two-phase of  n-hexane-methanol system in the región B of  the curve 

Figure 5.Mental model of  n-hexane-methanol system in single-phase above the curve
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This explanation can also be applied to ex-
plain the second component is n-hexane. If  the 
chemical potential of  n-hexane in the solution is 
lower than the chemical potential of  pure n-he-
xane, then the dissolution process of  n-hexane in 
methanol is still ongoing. However, if  a potential 
chemical of  n-hexane in the solution is greater 
than the potential of  n-hexane in a state of  pure, 
then the displacement components of  n-hexane 
out of  solution will be occurred and entering 
into the pure phase of  n-hexane. After reaching 
the equilibrium state, both saturated solution, i.e. 
methanol in n-hexane and n-hexane in methanol 
are called conjugate solution. Thus, the two pha-
ses are in equilibrium; therefore, there are no one 
of  two phases is in a pure substances phase. At 
equilibrium (area B on the curve), the chemical 
potential of  each component in the phase are the 
same. Suppose that the first phase is symbolized 
by α and the second phase is symbolized by the β 
then it can be expressed as   (Alberty & Daniels, 
1981).

Overall, the mental model of  this binary 
system describes the interactions that occur at 
the submicroscopic level of  mixing n-hexane and 
methanol according to the definition of  mental 
models that are synthesized from the opinion of  
some experts. Mental model is an internal rep-
resentation of  cognitive constructed by someone; 
include a visual-pictorial component and pro-
positional components to understand or to give 
a rational explanation of  a real-world phenome-
non or imaginary situations, events, or processes.  
The structure reflects the structure of  which can 
be felt (perceived structure) on those situations, 
events or processes (Schnotz & Bannert in Wang 
& Barrow, 2010); Nersessian in Tumay, 2014).

This binary system study showed that n-
hexane and methanol can be mixed at a certain 
temperature and composition. The macroscopic 
phenomenon of  n-hexane and methanol mixing 
in four areas of  system curve can be explained in 
submicroscopic level regarding to the interactions 
that occur in the system. Tversky in Akaygun & 
Jones (2013) stated that the image is an effecti-
ve cognitive tool when it used as a concrete and 
meaningful representation. It is more effective 
compared to the written language. On the other 
hand, written language is more effective to com-
municate and to deliver the abstract concepts, 
causality and quantification. It is difficult to il-
lustrate these concepts in pictorial. The findings 
in this study were able to accommodate these two 
ideas. The phenomenon of  binary system of  n-
hexane-methanol was described by using visuali-
zation and verbal explanation.

The concept of  polarity and intermolecu-
lar towing force is a pre-requisite concept that 
students must master it in order to explain the 
submicroscopic level of  observed binary system 
phenomena. In addition, the concepts of  thermo-
dynamics (e.g. chemical potential and entropy) 
are required to describe the symbolic level of  ob-
served binary system phenomena. On the other 
hand, the results of  the research on atomic struc-
ture, periodic system of  elements, chemical bon-
ding, molecular geometry and polarity shows the 
quality of  the students on explaining the material 
of  study in these topics were varied from high to 
low abilities, in line with their ability to recon-
cile the new information into the frame of  exis-
ting knowledge (Wang & Barrow, 2013). Students 
have the alternative conceptions of  intermolecu-
lar and intramolecular towing forces (Sendur, 
2014). In addition, the results of  an investigation 
of  34 students with varying alternative concep-
tions about chemical thermodynamics indicated 
that this material was not easy to learn because 
it is too abstract (Sreenivasulu & Subramaniam, 
2013).

In summary, the study of  the mental mo-
del of  n-hexane-methanol binary system was 
very useful to the formation of  mental model 
and it increased the understanding of  the stu-
dent of  chemistry teacher candidate. The ability 
to construct and to use the mental models could 
affect the conceptualization of  students about 
the chemistry concepts on the topic of  the binary 
system. In line with the opinion of  Wang & Bar-
row (2010) who stated that the student of  teacher 
candidates were needed to be encouraged to use 
mental model as a tool for linking the three levels 
of  chemical representation when inserting know-
ledge into long-term memory (Devetak, Vogrinc 
& Glazar in Jansoon et al., 2009). According to 
this result, in order to support the efforts to deve-
lop a basic understanding of  chemistry concepts, 
the learners should be able to associate their un-
derstanding in the level of  symbolic to the level 
of  macroscopic and the level of  submicroscopic 
(Bain et al., 2014; Hernandez et al., 2014). It cer-
tainly needs to be supported by the pattern of  te-
aching facilities which are useful for generating 
discussion connectedness between levels of  rep-
resentation (Becker et al., 2015).

CONCLUSION

The study of  mental model of  n-hexane-
methanol binary system could be in the form of  
visualization of  intermolecular interactions that 
occur between n-hexane and methanol through 
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London forces; also in the form of  intermolecu-
lar interactions between methanol through hydro-
gen bonds and intermolecular interactions of  n-
hexane through London force. Mental model of  
the system was described in the four areas curve 
of  methanol mole fraction to the temperature in 
a phase diagram of  n-hexane-methanol system. 
Based on the curve of  the system phase diagram, 
methanol and n-hexane could dissolve each other 
at any given composition when the system tem-
perature was above 42.95 °C. This temperature 
was called as the maximum critical temperature 
(above consolute temperature) of  n-hexane-met-
hanol system. The results of  the mental model 
study of  n-hexane-methanol binary system can 
be followed up by developing a learning model of  
binary systems to improve the mental model and 
the student understanding. 
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ABSTRACT

One of  the main problems in physics is the emergence of  students’ misconceptions which comes from the preju-
dices of  false starts and a naive belief. Many studies have shown that students tend to have developed their own 
understanding before the formal teaching is done. The ideas which are developed by students which are different 
from the explanations by the experts are known as misconceptions. The initial idea that has been formed by the 
students is very difficult to change by the teachers although the materials are presented with scientific concepts. 
Misconceptions diagnosis research on the hydrostatic pressure concept was conducted on 23 students of  class X 
MIA B SMAN 3 Malang using Three-tier test. The diagnosis results that the students get misconceptions on the 
indicators, it explain the hydrostatic pressure is influenced by the depth and at all points located in the horizon-
tal area in the calm liquid has the same hydrostatic pressure, and the hydrostatic pressure is proportional to the 
density of  the fluid, include 1) students believe that hydrostatic pressure is greater at a point closer to the closed 
cavity (43.5%), 2) the students believe that the hydrostatic pressure is proportional to the density of  the submerged 
object (30.4%), 3) the students believe that the hydrostatic pressure is greater on the outside of  the cave because it 
has a larger volume of  fluid so that the pressure is higher (17.4%), 4) students had misconceptions in determining 
the depth in case of  hydrostatic pressure (13%), 5) the students believe that the hydrostatic pressure is greater in 
the narrow place (13%).

© 2016 Science Education Study Program FMIPA UNNES Semarang

Keywords: Hydrostatic Preassure , Misconceptions, Three-tier.

INTRODUCTION

One of the main problems in physics is the 
emergence of students’ misconceptions which 
comes from the prejudices of false starts and a na-
ive belief. Students develop ideas about how things 
work based on their experience (Driver, 1994). 
Many studies have shown that students tend to have 
developed their understanding before the formal 
teaching is done (Halim et al., 2014). The ideas are 
developed by the students are different from the ex-
planations by the experts; this is a misconception 
(Chamber & Andre, 1997; Hammer 1996; Lawson, 
1995; Yalcin, 2008). The initial idea that has been 

formed by the students is very difficult to change by 
teachers although presented with scientific concepts 
(Tsai, 1999; Sencar & Eryilmaz, 2004). The stu-
dents’ misconceptions in physics initially be derived 
from many sources, among others: their interaction 
with daily life, textbooks, reference books, teach-
ers, languages, beliefs, and cultural practices (Ivowi 
& Uludotun, 1987; Soyinbo, 1993). Therefore, the 
teachers should identify the students’ misconcep-
tions before making a formal teaching so those mis-
conceptions can be altered to scientific concepts af-
ter the formal teaching and learning process (Wong 
& Solomon, 2008).

The materials in physics are still full of  
misconceptions, one of  them can be found on the 
hydrostatic pressure material. From a research *Alamat korespondensi: 

 Email: wijaya.charisma.pramuda@gmail.com
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conducted by Pratiwi & Wasis (2013) mentions 
that the students had misconceptions such as: 1) 
the magnitude of  the pressure is influenced by 
the broadness of  the container, 2) the density of  
water is less than the density of  the oil because 
they have the same volume and height, 3) the 
magnitude of  the pressure is determined by the 
broadness of  the container, volume, and mass of  
the substance. Research conducted by Goszewski 
et al. (2012) also mentions the hydrostatic pressu-
re of  the material misconception: 1) the errors in 
the determination of  h or depth, 2) the errors in 
determining the hydrostatic pressure which have 
three holes. Based on these results the researchers 
get a source of  misconceptions in the hydrostatic 
pressure material generally in the determination 
of  the depth (h), so in the future researchers will 
focus on the concept and other concepts are still 
likely to be considered as potential misconcep-
tions.

A number of  ways can be used to diag-
nose the misconceptions that occur in students. 
These ways may in the form of  interviews (At-
wood and Atwood, 1997), questionnaire (Stover 
& Saunders, 2004), open-ended question (Küçü-
közer, 2007), multiple choice test (Tsai & Chou, 
2002; Trumper, 2003; Brunsell & Marcks, 2005), 
Two-tier test (Franklin, 1992; Tan et al., 2002; 
2005) and Three-tier test (Eryilmaz, 2010; Eryil-
maz & Surmeli, 2002; Pesman & Eryilmaz 2010; 
Arslan et al., 2012 ; Caleon, et al., 2010). One 
of  the ways used in the misconceptions diagnosis 
is using three-tier diagnostic test. Three-tier diag-
nostic test is a diagnostic test that is composed of  
three tiers questions. The first level (one-tier) is 
a regular multiple choice, the second level (two-
tier) in the form of  a choice of  reasons, and the 
third level (three-tier) in the form of  questions af-
firmation from the answers that have been made 
on the level one and two (Kirbulut, 2014 ; Kutlu-
ay, 2005; Turker, 2005). The Three-tier diagnostic 
test has several advantages: 1) makes it possible 
to calculate the percentage of  positively incor-
rect and negatively incorrect without conducting 
interviews with the students, which can be used 
to determine the validity of  the tests (Perman & 
Eryilmaz, 2010), 2), evaluate the misconceptions, 
understand the reasons given by the students, and 
to distinguish the students’ lack of  knowledge 
and students’ misconceptions (Guncay & Gulbas, 
2015).

From the description that has been revea-
led, it is found that the students sometimes have 
a different understanding with the experts, the 
result of  this condition is the emergence of  mis-
conceptions. Misconceptions can be caused by an 

understanding that has formed before the formal 
teaching which is difficult to remove by the te-
acher. Teachers as a good educator should be able 
to reduce the potential emergence of  misconcep-
tions in their students. The first thing that can be 
done by the teachers is to know and understand 
the misconceptions appear in students. Therefo-
re, researchers conducted a study to diagnose the 
students’ misconceptions especially on hydrosta-
tic pressure material, to help the teachers to have 
a better understanding of  the potential miscon-
ceptions in the students.

                        
METHODS

This research is a descriptive study using 
a quantitative approach as the representative of  
the research results. The sample in this study is 
SMAN 3 Malang class X MIA B who has stu-
dying the hydrostatic pressure material in the 
academic year 2015/2016. The respondents are 
23 students consisting of  8 male students and 15 
female students. The misconceptions in the diag-
nosis instruments are listed in Table 1.

  The students of  class X MIA B Malang 
are analyzed their misconceptions by providing 
four questions in the form of  three-tier diagnos-
tic test. The students are working on a three-tier 
diagnostic test for 20 minutes. The diagnosis data 
are presented in a form of  a percentage of  the 
total misconception and the total number of  the 
students (23 students). In answering the questions 
on the multiple choice of  the three-tier diagnos-
tic test, students were asked to answer at level 
1 anwer the questions, at level 2 the reasons of  
the choosen answers, as well as at the level 3 the 
students are required to provide the level of  con-
fiction in the accuracy of  the answers given; by 
selecting the choice sure and unsure. Grouping 
students’ conceptions based on three-tier diag-
nostic tests as in Table 2.

RESULTS AND DISCUSSIONS

The Students’ Overall Concept about Hydro-
static Pressure Concept

The overall analysis results from the three-
tier instrument is classified as students who mas-
ter the concepts is 22.8%, 29.1% did not know the 
concept, while the rest indicated misconceptions 
Many studies have shown that students tend to 
have developed their own understanding before 
the formal teaching is done 35, 9% and 2.2% or 
less confident guessing. For more fully data of  the 
students’ distibution conception on hydrostatic 
pressure can be seen in Table 3.
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Table 1.The misconception in diagnosis instruments
Indicators Students’ Misconception No

ItemsExplaining the hydrostatic pressure on the same horizontal line is heavily influenced by 
the depth of the objects.

1

-	 Students believe that the hydrostatic pressure is directly proportional to 
the distance of  a point on the surface of  the water.

1

-	 Students believe that the hydrostatic pressure has a greater value in a 
narrow place.

1

-	 Students believe that the hydrostatic pressure is directly proportional to 
the height.

1

-	 Students believe that hydrostatic  pressure is greater at the outsideof   the 
cave because it has a larger fluid volume so that the pressure is higher.

2

-	 Students believe that the fluid is more concentrated when it is placed  in 
a container, which is denser / narrower then the hidrostatic pressure 
becomes greater.

2

-	 Students believe that the depth in hydrostatic pressure is measured from 
the bottom of  the fluid.

2

-	 Students believe that the hydrostatic pressure is greater at the outside 
of  the cave because the water outside the cave is more freely so that the 
pressure becomes smaller.

2

-	 Students believe that the hydrostatic pressure is greater when the hole is 
wider.

3

-	 Students believe that the hydrostatic pressure is greater when it is near an 
open hole.

3

-	 Students believe that the hydrostatic pressure is greater when it is near a 
closed hole.

3

-	 Siswa meyakini bahwa tekanan hidrostatis lebih besar pada rongga yang 
lebih sempit. Students believe that the hydrostatic pressure is greater in 
the narrower hole.

3

Explaining the hydrostatic preassure is proportional to the density of the fluid.

2

-	 Students believe that the hydrostatic pressure is inversely proportional to 
the density of  the fluid.

4

-	 Students believe that the hydrostatic pressure is proportional to the mass 
of  the object.

4

-	 Students believe that the hydrostatic pressure is inversely proportional to 
the mass of  the object.

4

Table 2.The Grouping Criteria of  Students’ Conception Based on Three-tier Diagnosis Test

Students’ Response
Category CodeAn-

swer
Code Reason Code Convic-

tion
Kode

True B True B Sure Y Mastering the concept  MK

True B False S Sure Y Misconception M

False S True B Sure Y Misconception M

False S False S Sure Y Misconception M

True B True B Not sure TY Guessing, lack of  confidence TK

True B False S Not sure TY Not know the concept TT

False S True B Not sure TY Not know the concept TT

False S False S Not sure TY Not know the concept TT
diadaptasi dari Arslan et al. (2012) 



17C. P. Wijaya, Supriyono Koes H., Muhardjito / JPII 5 (1) (2016) 14-21

A Diagnosis in  the indicator Explains that Hy-
drostatic Pressure is Influenced by Depth and 
All Points in the Horizontal  Container in the 
Calm Fluid has the Same Hydrostatic Pressure 

The question items to diagnose the stu-
dents’ misconceptions in the indicators are in-
fluenced by depth and all points located in the 
horizontal container in a calm liquid has the 
same hydrostatic pressure is presented in Figure 
1, 2, and 3.

On the hydrostatic quention item in holes 
in the ground are presented in Figure 1 and the 
distribution of  students’ answers are presented in 
Table 3. The right answer on these items is the 
choice of  answers D and the exact reason the 
choice of  answers C. Based on these data; it ap-
pears that 30.4% of  students master the concepts 
included in the category of  hydrostatic pressure 
in a straight line on a similar fluid has the same 
mass. Mostly in the categories do not know the 
concept of  which are 43.5% and 26.1% indicated 
misconceptions.

The students who are indicated have mis-
conceptions in the question items in figure 1 are: 
1) the student believes the hydrostatic pressure 
has a greater value in a narrow place by 13.1%, 
2) the students experienced an error in determi-
ning the depth of  13%. The diagnosis is in line 
with the findings of  the study from Besson (2004) 
which states that the hydrostatic pressure in a nar-
row place / container then the hydrostatic pressu-
re will be greater, while the results of  Goszewski 
et al. (2012) reported that students tend to have 
misconceptions in determining the depth in case 
of  hydrostatic pressure.

On the question items of  hydrostatic 
pressure for a fish which is inside and outside the 
cave are presented in Figure 2 and the distributi-
on of  the responses are presented in Table 3. In 
the question on the second image the right anwer 
choice is A and the right reason of  answer choice 
is B. Based on these data seem that only 21.7% 
of  students included in the category of  knowing 
the concept of  hydrostatic pressure in a straight 

line on a similar fluid has the same mass. Most of  
the categories do not know the concept of  39.1%, 
34.8% which are indicated to have misconcep-
tions, and 4.3% to guess or lack of  confiction.

The students who indicated to have mis-
conceptions on question items in the Figure 2, 
namely: 1) the students believe that hydrosta-
tic pressure is greater at the  outside of  the cave 
because it has a larger volume so the pressure is 
higher (17.4%), 2) the students believe that the 
hydrostatic pressure at the outside of  the cave is 
larger because the water is more freely so that the 
pressure becomes smaller (8.7%), 3) the students 
believe that the fluid is more concentrated when 
in a place, which is denser / narrower then the 
hydrostatic pressure becomes larger (4.3% ), 4) 
the students believe that the depth of  hydrosta-
tic pressure is measured from the bottom of  the 
fluid (4.3%). The diagnosis is consequence with 
the findings of  recent research: 1) the hydrosta-
tic pressure is proportional to the volume of  fluid 
that is around the fish, 2) Beson (2004) at the out-
door, the air is free, so the hydrostatic pressure 
becomes smaller and at smaller place the water is 
more compressed.

On the question items  of  hydrostatic 
pressure, the points of  the container which have 
open and close is presented in Figure 3 and the 
distribution of  the responses are presented in 
Table 3. In Figure 3, the question items on the 
correct answer is D and the right reason of  choi-
ce is A. Based on these data, it appears that only 
21.7% of  students are included in the category of  
knowing the concept of  hydrostatic pressure in a 
straight line on a similar fluid has the same mass. 
At the categories who do not know the concept 
are 26.1%, 47.8% indicated as misconceptions, 
and 4.3% as guessing / do not convince with their 
answers. The students who are indicated having 
misconceptions on the question items in Figure 
3, namely: 1) students believe that hydrostatic 
pressure is greater as it is closer to the point of  
closed hole (43.5%), 2) the students believe that 
the hydrostatic pressure in the narrower place 

Table 3.The students’ concept distribution on the hydrostatic pressure concept

Students’ Response

Code

Question Number

1 2 3 4

Answer Reason Conviction N % N % N % N % N %

Mastering the concept PI 7 30,4 5 21,7 5 21,7 4 17,5 21 22,8

Do not know the concept TP 10 43,5 9 39,1 6 26,1 11 47,8 36 29,1

Misconception M 6 26,1 8 34,8 11 47,8 8 34,7 33 35,9

Lucky guesses/not so convice KP 0 0 1 4,3 1 4,3 0 0 2 2,2

23 100 23 100 23 100 23 100 92 100
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The misconception that indicated in stu-
dents within the question items in Figure 4 are 1) 
the students believe that the hydrostatic pressure 
is proportional to the density of  the submerged 
object which amounted to 30.4%, 2) students be-
lieve that hydrostatic pressure is inversely propor-
tional to the density of  the submerged object of  
4.3.

CONCLUSION

Based on the results and explanation as 
described before, it can be concluded that based 
on the diagnosis by using Three-tier methods, 
there are students who indicated are having mis-
conceptions associated to hrydrostatic pressu-
re, covering the indicators which is explain the 
hydrostatic pressure that influenced by the depth 
and all points located in the horizontal place in 
a calm liquid has the same hydrostatic pressure 
and indicators explain the hydrostatic pressure 
is proportional to the density of  the fluid was 
found that as many as 22.8% of  students in mas-

makes it larger (4.3%). The diagnosis is in line 
with the findings of  several recent research: 1) 
Besson (2004) hydrostatic pressure will be larger 
at a closed hole, 2) Kariotoglou & Psillos (1993) 
hydrostatic pressure at the narrow container has 
a narrow greater pressure.

The Diagnosis on the Indicators Explain that 
Hydrostatic Pressure has the Similar Density 
as Fluid

The Question items to diagnose the stu-
dent has misconceptions on the indicators of  hyd-
rostatic pressure is proportional to the density of  
the fluid is presented in Figure 4. The distribution 
of  the students’ answers is presented in Table 3. 
The answer in Figure 4 which is the right answer 
is A and the right reason at the answer is C. Based 
on the data shows that only 17.4% of  students are 
included in the category of  knowing the concept 
of  hydrostatic pressure is influenced by the den-
sity of  the fluid. Most of  the students are in the 
category of  do not know the concept 47.8% and 
34.7% indicated misconceptions.

Figure 1.The hydrostatic pressure in the holes of  the ground question items
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tering the concept category, 39.1% did not know 
the concept, while 35.9% indicated experiencing 
misconceptions, and the balance of  2.2% in the 
category of  guessing or less convince than a total 
of  23 students who took the tests.

The type misconceptions that often hap-
pend in this study are: 1) students believe that 
hydrostatic pressure is greater at a point closer to 
the closed hole (43.5%), 2) students believe that 
hydrostatic pressure is proportional to the density 
of  the submerged object ( 30.4%), 3) the students 
believe that the hydrostatic pressure is greater 

outside of  the cave because it has a larger volume 
of  fluid so that the pressure is higher (17.4%), 4) 
the students have misconceptions in determining 
the depth in case of  hydrostatic pressure (13 %), 
5) the students believe that the hydrostatic pressu-
re is greater in a narrow place (13%).

To prevent the misconceptions in students, 
researchers suggest to the reader as well as further 
research for the diagnosis of  misconceptions be-
fore proceeds a learning process to the students, 
misconceptions that have grown need a further 
evaluation on the sources causes of  misconcep-

Figure 2.The question items of  hydrostatic pressure of  the fish inside and outside of  the cave

Figure 3.The question items of  hydrostatic pressure in a container which has open and close holes
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tions caused by students and other sources such 
as teachers, learning methods, textbooks, and re-
ference books, doing a diagnosis research of  mis-
conceptions in other materials as well as efforts 
to overcome the misconception that indicated 
on the students, doing similar research by using 
more samples, so the results are more accurate.
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ABSTRACT

This study aimed to describe the eligibility category of  science learning instrument based on scientific approach 
integrated with onion farming potency. Also, this study aimed to analyze the effectiveness of  the application of  
the science learning instrument in terms ofscience process skills development and the cognitive learning outcomes 
in the student of  class VII SMPN 1 Bulakamba.This study used thedevelopment research methods by adapting 
the 4D model that includes define, design, develop, and disseminate. The learning instruments developed in this 
research were the learning implementation plan (RPP) and the student worksheet (LKS). The data collection was 
done by using non-test technique using interview guides, product validation sheet, students’ response sheet to the 
readability of  LKS and the instructional observation sheets; as well as using theworksheet of  process skills and 
cognitive learning outcomes. The results showed that the eligibility of  the science learning instruments integrated 
with onion farming potency was categorized as excellent. The application of  scientific-approach-based learning 
instruments was effective to improve the process skills and the students’ cognitive learning outcomes in class VII 
SMPN 1 Bulakamba.

© 2016 Science Education Study Program FMIPA UNNES Semarang

Keywords: onion farming in Brebes, science learning instruments, scientific approach.

INTRODUCTION

Red onion (Allium cepa var. Ascalonicom) is 
one of  Indonesia’s leading horticultural commo-
dities (Wahyudin et al., 2015). The demand of  
red onion for consumption and its seeds has con-
tinued to increase by year (Sumarni et al., 2012). 
Red onion is usually used as a spice in cooking 
and is also often used as as a traditional medi-
cine for wounds, stomach ulcers, colds, lowering 
thesugar level and loweringthe cholesterol level in 
blood (Princess &Watemin, 2014).

Brebes district in Central Java is the main 
red onion supplier in Indonesia. In 2014, the area 
of red onion farms in Brebes district reached 30,954 
ha with a total production 375,974 tons. This pro-

duction reached 72.39% of the total red onion pro-
duction in Central Java. The 2014 red onion pro-
duction obtained from Brebes district has increased 
by 71,217 tons compared to the total production in 
2013 (BPS Central Java, 2015).

The farmers have succeeded to develop 
thered onion as the potential and main commo-
dityas a regional identity of  Brebes. They have a 
particular way on cultivating the red onion that 
can be categorized as a local genius. Their know-
ledge on the red onion cultivation has been main-
tained from generation to generation without any 
scientific explanation on how to grow the onions. 
They are taught directly by the ancestors in obtai-
ning the onion farmin method (Khusniati, 2014).

The red onion farming has a main contri-
bution for society towards economic function, i.e. 
as a source of  earnings. People can work either *Alamat korespondensi: 

 Email: dani.setiawan@ymail.com
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as farmers, farm laborers, or onion seller. As an 
object of  learning, the onion farms are promising 
to provide the alternative learning resources for 
science topics, such as biodiversity, and ecosys-
tems. Nana & Salamah (2014) studied the growth 
mechanism process of  onion plants by coconut 
water addition as a source of  biology learning in 
high school students Class XII. The utilization of  
the onion farming potential as a learning resource 
is a form of  the implementation of  the National 
Education System law number 20 year 2003 ar-
ticle 36. It is kind of  a mandatory for the school 
to prepare the curriculum which involves the 
local wisdom, biodiversity and the environment 
potencies. The mandate provides a great opportu-
nity for teachers in Brebes to raise the agricultural 
potency of  onion into learning materials.

The opportunity to raise the issue of  red 
onion agricultural potency into science teaching 
is still rarely done by the science teacher in Bre-
bes. The results of  the interview with the science 
teacher at SMPN 1 Bulakamba Brebes revealed 
that some teachers have been usingthe local po-
tencies as the learning material. However, it is 
still limited to a specific material and has not 
been raised explicitly in the lesson plandocu-
mentsor rencana pelaksanaan pembelajaran (RPP). 
The local potency has also been utilized in the 
students’ scientific project group or karya ilmiah 
remaja (KIR) and in the craft study subject. There 
were some technical problems and obstacles fa-
ced by teachers when utilizing local potencies in 
learning activity and it were limited to a particu-
lar study material. The technical problems were 
related to the lack of  guidance on how to integra-
te theobject of  local potencies into the RPP. The 
local potencies are limited to a particular topic 
of  study; therefore, it could not be applied to all 
science learning materials. 

The integration of  the onion agricultural 
potency on science learning should have a go-
alto be a student learning whole achievement in 
accordance with the nature of  science, i.e. scien-
ce as a process, knowledgeproduct, the attitude 
development, and science application (Erina & 
Kuswanto, 2015; Pratiwi, et al ., 2014; Yanti, et 
al., 2013). The science processes are related to 
the problem solving procedures through scienti-
fic approaches. For example, curiosity and open-
ended skills are included in the scientificattitude, 
whereas the facts, principles, theories, concepts, 
and law are included as the science products. 
Moreover, the science application is related to the 
application of  scientific methods and concepts of  
science in everyday life.

Science learning as a process provides 

the opportunity for students to interact with the 
science objects and actively engage in the process 
skills (Abungu et al., 2014). The science process 
skills are the reflection of  thinking skills scientific 
methods used by the sciencetist for building the 
knowledge (Sheeba, 2013; Özgelen, 2012).Scien-
ce process skills are the basic of  IPA problem 
solving in the scientific method (Wilujeng, et al., 
2010). Moreover, the development of  processing 
skilss at school could help the students to learn 
how to solve the problems (Abungu et al., 2014), 
to develop learning through experience (Rauf  et 
al., 2013), to improve learning outcomes (Ergul 
et al., 2011; Wardani et al. 2009), and to improve 
creative thinking skills (Rahayu et al., 2011). The 
development of  process skills also helps students 
to think logically, to think critically, to ask reaso-
nable questions, and to seek answers that can sol-
ve problems in everyday life (Ergul et al., 2011).

The results of  a preliminary observation 
on the learning process in high school students 
showed a fact that some process skills such as 
observing, measuring, predicting and communi-
cating were not observed in the learning process. 
These facts indicated that science learning pro-
cess skills was needed to be improved. Based on 
the results of  interviews with the science teacher 
at SMPN 1 Bulakamba the aspect of  knowled-
ge (cognitive) also needed to be improved. Some 
teachers realized that there were  who have not 
reached the minimum completeness of  the spe-
cified criteria. The results of  the midterm test 
(ulangan tengah semester) 1 in the academic year 
2015/2016 in SMPN 1 Bulakamba showed that 
the average scores of  seventh grade students in 
the science subjects only reached 65.8. Students 
who achieve the minimum criteria only reached 
13.10% or 11 students out of  82 students (VII. C 
42 students; VII.D 42 students).

One of  efforts to develop the process skills 
and to increase the students’ cognitive learning 
outcomes can be made by applying the lear-
ning activities that emphasize the student active 
involvement (Akinbobola & Afolabi, 2010) or 
the practice of  scientific investigations (Ango, 
2002). Moreover, an effort that can be done is 
to adopt a scientific approach. Scientific appro-
ach is a learning approach that emphasizes the 
process skills (Sujarwanta, 2012). Learning acti-
vities with a scientific approach includes activi-
ties to observe, to ask, to gather the information, 
to associate, and to communicate (Wijayanti, 
2014). Results of  Yeni et al. (2015) and Machin 
(2014) studies showed that the application of  a 
scientific approach for learning showing a posi-
tive effect on the cognitive learning, affective and 
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psychomotor.Marjan et al. (2014) reported that a 
scientific approach to improve learning outcomes 
and basic science process skills of  students. Wija-
yanti (2014) reported that the implementation of  
project-based authentic assessment with effective 
scientific approach could improve the scientific 
thinking skills.

Machin (2014) mentioned that the scien-
tific approach was the application of  contextual 
learning. As a contextual learning, scientific ap-
proach can be integrated with contextual learning 
resources around the students, such as agricultu-
ral potential. Knobloch et al. (2007) stated that 
agriculture provided a context for discussing the 
relationship between nature and human needs. 
Çepni et al. (2011) research results showed that 
the use of  agricultural assisted modules of  student 
worksheets or lembar kerja siswa (LKS) was effec-
tive in developing a conceptual understanding 
of  elementary school students on the concept 
of  agriculture. Mabie & Baker (1996) reported 
that the participation of  students in agriculture-
oriented activities have positive impact on the 
development of  science process skills of  students 
which include observing skills, communication, 
compare, connect, order, and concludes. The use 
of  the agricultural context by Balschweid (2002) 
on the biology learning could help students in 
understanding the relationship between science 
with agriculture.

The scientific approach and the utilizati-
on of  agricultural contextual learning resources 
could be applied to overcome the problems of  
students’ process skills and cognitive learning 
outcomes in class VII SMPN 1 Bulakamba using 
the adoption of  an integrated scientific approach 
with the agricultural potency of  onion. The use of  
integrated learning instruments could provide an 
answer for some problems in scientific learning, 
noting some of  the constraints faced by teachers 
in implementing these efforts. This study aimed 
to describe the eligibility criteria and to analyze 
the effectiveness of  learning instruments based 
on scientific approach application which integra-
ted with the onion agricultural potency in terms 
of  the process skills improvement process and the 
cognitive learning outcomes in students of  class 
VII SMPN 1 Bulakamba.

METHODS

This research used the method ofresearch 
and development which adapted to the 4D model 
of  Thiagarajan et al. (1974).The research stages 
included the define, design, develop, and dissemi-
nate. In this study, the products developed was in 

the form of  science learning instruments based 
on scientific approach which integrated with the 
agricultural potential of  red onion in Brebes, i.e. 
lesson plan documents or rencana pelaksanaan 
pembelajaran (RPP) and student worksheet or lem-
bar kerja siswa (LKS). Products were developed to 
improve the science process skills and cognitive 
learning outcomes in the seventh grade of  junior 
high school students on the topic of  science ob-
ject and observations.

Product trials were conducted in October 
to December 2015 at SMPN 1 Bulakamba Bre-
bes. Product trials were conducted in two phases, 
namely the limited field trial (trial I) and the main 
field trial (trial II). The first trial was carried out 
in the non-class samples to analyze and to gain 
direct input in the form of  responses, reactions, 
comments of  teachers and students. The first trial 
was conducted on the subject amounted to 12 stu-
dents of  class VII. 

The first trial test design used the method 
of  pre-experiment with a one-group pretest-
posttest design (Sugiyono, 2012). The second trial 
test used thequasi-experiment with non-equiva-
lent control group design (Sugiyono, 2012).

The second trial test used two classes, i.e. 
the class that applied the learning instruments 
based on the scientific approach which integra-
ted with the red onion agriculture potency (as an 
experimental class)and the control class without 
integrated learning tools. The experimental class 
and control class were selected with preceded by 
pre-test and post-test. There was a span of  time 
between the pre-test and post-test, thus the results 
were not affected by the pre-test and post-test.

The subject of  this study was the students 
of  class VII SMP N 1 Bulakamba Brebes in first 
semester of  academic year 2015/2016. The sub-
jects to limited trial (trial I) were 12 students of  
class VII were selected randomly.The main sub-
ject of  field trials (trial II) composed of  class VII 
A and VII B selected from nine classes of  grade 
VII in SMPN 1 Bulakamba. The determination 
of  the experimental class and the control class 
was done randomly with the results of  class VII 
A as an experimental class and class VII B as the 
control class.The data collection was done by (1) 
non-test techniques using interview guides, pro-
duct validation sheet, students’ worksheet res-
ponse to the readability and instructional obser-
vation sheets; and (2) the testing techniques used 
a booklet about the process skills and cognitive 
learning outcomes sheet.

The feasibility of  learning instruments 
and student response to the legibility of  work-
sheets were analyzed qualitatively based on the 
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classification of  four categories, namely: (1) very 
good: the interval score 3.25˂X≤4.00; (2) good: 
2.50˂X≤3.25; (3) Poor: 1.75˂X≤2.50; and (4) 
very poor: 1.00≤X≤1.75. The table of  four cate-
gories classification was arranged according to 
the guidelines of  Widoyoko (2012).

The implementation of  science learning 
using scientific-approach-based learning integra-
ted with the agricultural potential of  onion were 
analyzed by calculating the percentage of  enfor-
ceability of  learning activities aspects on the ob-
servation sheet. The result of  the calculation of  
the implementation adherence percentage with 
the classification of  four categories, namely: (1) 
very good: 75% percentage interval <X≤100%; 
(2) either: 50% <X≤75%; (3) poor: 5% <X≤50%; 
and (4) very poor: 0% ≤X≤25.

The improved learning outcomes were 
analyzed based on the normalized gain average 
score (<g>) using the following equation.

Description:
<g>         = average score of  normalized gain 
<%post> = average percentage of  post-test score 

gained by students 
<%pre>  = average percentage of  pretest score 

gained by students (Hake, 2007).

Value ofobtained <g>was consulted with 
three categories, namely (1) high: <g> ≥ 0.7; (2) 
medium: 0.3 ≤ <g><0.7; and (3) low: <g><0.3 
(Hake, 1998).

The effectiveness of  the application of  the 
learning instruments in the first trial was analy-
zed based on the normalized gain average score 
gain and Wilcoxon tests. The effectiveness of  se-
cond trial was analyzed based on the normalized 
gain average score and multivariate Hotelling’s 
Trace test to normalized gain score of  each stu-
dent. The normalized gain score for each student 
(g) obtained by the following equation.

Description:
g	 = normalized gain score
% postscore = percentage of  students’ post-test 

scores 
% prescore  = percentage of  students’ pre-test 

scores 
(Coletta et al.,  2007)

RESULTS AND DISCUSSION

The result of  this study was an end pro-
duct; a scientific-approach-based learning instru-
ment integrated with red onion agriculture po-
tency in Brebes, Central Java Indonesia. The 
implemented activities of  scientific approach 
were observation, formulate questions, data col-
lection, data association, and communicating the 
results. The developed learning instruments were 
the lesson plan documents (RPP) and student 
worksheet (LKS) on the subject of  science object 
and its observation in class VII first semester. 

RPP was designed with reference to the 
format of  the Regulation of  the Minister of  
Education and Culture (Permendikbud) No. 103 
year 2014 on Education in Primary and Secon-
dary Education. RPP components include 1) the 
identity of  the school/ madrasah, subjects, and 
grade/semester; 2) time allocation; 3) KI, KD, 
and indicators of  achievement of  competencies; 
4) learning materials; 5) learning activities; 6) as-
sessment; and 7) media/instruments, materials, 
and learning resources.

Learning activities in RPP was designed 
for five meetings with the allocation of  12 hours 
of  lessons (JP). The learning activities were de-
signed with the strategy of  indoor and outdoor 
learning. The indoor learning strategy was desig-
ned at the meeting of  the 1st, 3rd, and 4th. While 
outdoor learning strategy was designed at the 2nd 
meeting. The first meeting was designed to study 
the science objects sub topics and process skills a 
2-hour lesson or jam pelajaran (JP). The second 
meeting was completed to study the unit and me-
asurements sub topics with time allocation of  3 
JP. The third meeting was conducted to study the 
sub-topic of  the principal scales with 2 JP time 
allocations. The 4th meeting was used to study 
the derivative scales sub topics 3 JP time alloca-
tions. Lastly, the 5th meeting was designed for the 
implementation of  the review tests and the with 2 
JP time allocations.

LKS was developed to support the learning 
activities that have been designed on the RPP. 
LKS components include title, introduction, ob-
jectives, tools and materials, work step, observati-
on data, a list of  questions and conclusions. LKS 
is designed with five activities as follows.
LKS 01 Red onion observation 

LKS 01 was designed to be used in the first 
meeting to guide the students to observe the oni-
on as a science object and to introduce some of  
the science process skills such as observing, es-
timating, classifying, measuring, inferring, and 
communicating.
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The results of  the worksheets feasibility as-
sessment are presented in Table 2. Table 2 note 
that the worksheets that were developed included 
in the excellent category with an average score 
reached 3.76. The results of  the assessment in-
dicated that the developed LKS developed was 
eligible for use in the learning process after being 
revised in accordance with the advice and input 
of  the validator.

The worksheet eligibility is strengthened 
by the results of  student questionnaire responses 
on the worksheet legibility in the aspects of  the 
views presented in Table 3. According to Table 3 
it can be seen that the presentation of  the image 
and the performance was categorized as an ex-
cellent; such as the layout of  images, tables, and 
statements; also the display name, description, 
instructions, pictures, tables, and questions were 
very well categorized; and the use of  language 
was very good. In general, all aspects of  the work-
sheets were excellent according to the students’ 
opinion.

The feasibility of  the developed learning 
instruments were also supported by the ease of  
teachers in implementing the learning instru-
ments. Results of  the trial I indicated that the ca-
tegory of  the implementation of  learning aspects 
were observed on-one meetings to include both 
categories (73.33%), whereas the second meeting 
was in good category (70%), the third meeting 
was good (73.33%), and lastly, the fourth meeting 
was excellent (76.67%). The percentage of  the 

LKS 02 Measuring the science object in red onion 
fields 

LKS 02 was designed to be used in the 
second meeting to guide students in doing the 
measurement of  science objects in the red onion 
fields.
LKS 03 Measure the principal scales of  red onions 

LKS 03 was designed to be used in the 
third meeting to guide the students to perform the 
measurements on the principal measurement of  
onion.
LKS 04 Measurement of  the derivative scales in onion

LKS 04 was designed to be used in all four 
meetings to guide the students to perform the de-
rivative scales measurement of  quantities in oni-
on.
LKS 05 Measuring the growth rate of   red onion

LKS 05 was designed to guide students in 
determining the rate of  growth of  the onion. LKS 
05 was part of  the 4th meeting of  the activities 
carried out outside regular instructional hours. 
Information in LKS 05 activities were presented 
at the 1st meeting.

The results of  the feasibility assessment of  
RPP by eight validators are presented in Table 1. 
Table 1 notes that RPP developed included in the 
excellent category with an average score reached 
3.86. The results of  the assessment of  the valida-
tor showed that the developed RPP was eligible 
for use in the learning process after being revised 
in accordance with the advice and input from the 
validator.

Table 1. Results of  the feasibility assessment of  RPP

Aspects
Average 

Score 
Category

Formulation of  RPP 3.88 Very good

Time allocation 3.88 Very good

Formulation of  core competencies (KI), basic 
competencies(KD), and competency achievement indicators

3.75
Very good

Selection of  learning materials 3.88 Very good

Formulation of  learning activity 3.88 Very good

Formulation of  assessment, remedial learning and enrichment 3.97 Very good

Selection of  media/tools, materials and learning resources 3.81 Very good

Average 3.86 Very good

Table 2. Results of  the worksheets feasibility assessment 

Aspects Average score Category

Material presentations 3.80 Very good

Activity planning aspect 3.98 Very good

Performance 3.50 Very good

Average 3.76 Very good
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implementation aspects were observed increased 
in major field trials (trial II), namely to 83.33% at 
the first meeting, 86.67% at the second meeting, 
85.00% in third meeting, and 86.67% in the 4th 
meeting (Figure 1).

Figure 1. Learning implementation level in trial 
I and II

The effectiveness of  the application of  
scientific-approach-based learning instruments 
integrated with the agricultural potential of  red 
onion known through limited field trial and the 
main field trials. Based on limited testing, it sho-
wed that the application of  the developed lear-
ning tools could increase the skills and the cogni-
tive learning process. The results of  the analysis 
of  the average score of  normalized gain (<g>) 
showed the improvement of  science process skills 
and cognitive learning outcomes in a medium ca-
tegory (Table 4).

Table 4. Gain category on the field limited trial 
test 

Response variable <g> Category

Science process skills 0.38 Medium

Cognitive learning out-
comes

0.54 Medium

The improvement of  skills in every aspect 
of  the science process skills as measured on a 

field trial test can be seen from a comparison of  
the percentage of  the acquisition of  science pro-
cess skills scores obtained by all students at the 
post-test and pre-test which presented in Figure 2.

Based on Figure 2 it can be seen that the 
post-test score was higher than the pre-test score. 
This result suggested that the skills of  the students 
has increased after treatment.Test result data was 
paired with the value of  pre-test and post-test 
with the Wilcoxon test to find out whether any 
changes on the process skills and the cognitive 
learning results after following the science lear-
ning by applying the learning instruments or not. 
Wilcoxon test that had been selected for sampling 
in limited trial did not meet the assumptions of  
normality and homogeneity.

Results of  the Wilcoxon test for the skills 
acquired of  Z value at -2.941 with Asymp. Sig 
0.003; whereas the cognitive learning Z value was 
at -3.069 with Asymp value.Sig 0.002. All values 
Asymp. Sig. obtained were <0.05, which meant 
that there were the significant differences bet-
ween the average value of  pre-test and post-test 
of  process skills, the cognitive learning, and en-
vironmental consideration attitude. Thus, based 
on limited trial, the application of  the learning 
instruments was effective to improving the pro-
cess skills and the cognitive learning.

The effectiveness of  the learning instru-
ments which developed based on scientific appro-
ach integrated with the onion agriculture poten-
cy on improving the process skills and cognitive 
learning was measured by comparing the average 
gain scores between the experimental class and 
control class. The results of  the analysis of  the 
normalized gain average score (<g>) on each 
class of  test samples are presented in Table 5.

Based on Table 5, the improvement of  
science process skills in the experimental class 
and in the control class were categorized as me-
dium. Based on the value of  <g> the science 
process skills in the treatment class was (<g> = 
0.54) greater than the control class (<g> = 43). 
The improvement in the cognitive learning achie-

Table 3. Results of  student response on theworksheet (LKS) Readability

Aspects
Average 

score
Category

Image presentation and performance 3.67 Very good

Images, tables, and questions layout 3.17 Good

Presentation of  title, description, instructions, pictures, tables, and 
questions

3.58
Very good

Language usage 3.67 Very good

Average score 3.52 Very good
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vement of  students in the experimental class and 
control class were categorized as medium. Based 
on the value of  <g> the increase in cognitive lear-
ning outcomes in the experimental class (<g> = 
0.50) was greater than in the control class (<g> 
= 0.47).

The comparison of  process skills improve-
ment based on the normalized gain average score 
in every aspect of  skills was measured on each 
sample are presented in Figure 3. Based on Fi-
gure 3 it can be seen that the increase in every 
aspect of  students’ science process skills in the 
experimental class was higher than in the cont-
rol class. The results of  different test groups with 
Hotelling’s Trace test obtained significance value 
of  0.036 (Sig. <0.05), which means that H0 was 
rejected. Thus there was a difference in the ave-
rage score of  science process skills and cognitive 
learning outcomes among students in the expe-
rimental class and the control class. This means 
that the application of  the learning instruments 
was more effective to improve the process skills 
and cognitive learning outcomes of  students in 
class VII SMPN 1 Bulakamba compared with the 
implementation of  a learning tool used by teach-
ers.

The results of  limited and main trial tests 
showed that that the application of  the integra-
ted learning instruments was effectively improve 
the skills and cognitive learning outcomes of  stu-
dents. The results were consistent with the results 
of  research of  Marjan et al. (2014) which showed 
that the application of  scientific approach can 

improve the skills of  process and biology student 
learning outcomes. The results of  this study were 
also consistent with the results of  research Yeni et 
al. (2015) and Machin (2014) which showed that 
the application of  scientific approach gave the po-
sitive effect on improvement of  cognitive learning 
outcomes. The application of  scientific-approa-
ch-based learning could improve the skills of  the 
operational process because the scientific approa-
ch was emphasized on process skills (Sujarwanta, 
2012). The main activity of  the scientific appro-
ach, such as observing, asking, gathering the in-
formation/data, associating the information, and 
communicating skills was the implementation of  
the process itself. Learning that emphasizes pro-
cess skills can help students to improve student 
learning outcomes (Ergul et al., 2011; Wardani 
et al., 2009).

The effectiveness of  the learning instru-
ments in this study was in accordance to the 
results of  Mabie & Baker (1996) study which 
suggested that the participation of  students in 
agriculture-oriented activities had shown the po-
sitive impact on the development of  science pro-
cess skills of  students. The results of  this study 
were also consistent with the results of  research 
Balschweid (2002) which showed that the use of  
agricultural contexts could help students to un-
derstand the relationship of  science to agricultu-
re. The integration of  the agricultural potential 
of  onion in learning instruments was in line with 
the basic theory that asserts the importance of  
experiential learning activities in the learning ex-

Figure 2. Percentage graph of  gained scores in every aspect of  science process skills of  all students in 
the limited trial test 

Table 5. Category of  the improvement in the main field trial test 

Response variables
Experimental class Control class

<g> Category <g> Category

Science process skills 0.54 Medium 0.43 Medium

Cognitive learning outcomes 0.50 Medium 0.47 Medium
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perience (Healey & Jenkins, 2000; Knobloch et 
al., 2007). Basic theory of  learning experiences 
shows that the relationship between context and 
content gave the students the chance to learn and 
transfer the overlapping concept that is comple-
mentary (Balschweid, 2002).

CONCLUSION

Based on the results and discussion of  
research and development of  science learning 
instruments it can be concluded that: (1) the eli-
gibility of  integrated science learning instruments 
was in excellent category for its lesson plan and 
students’ worksheets; and (2) the application of  
scientific-approach-based learning instruments 
was effective to improve the process skills and 
cognitive learning outcomes of  students of  class 
VII SMPN 1 Bulakamba.

The application of  the integrated learning 
instruments was to improve science process skills 
and cognitive learning outcomes of  students on 
the topic of  science objects and observations in 
SMP Negeri 1 Bulakamba. Scientific approa-
ch recommended by Permendikbud no. 65 year 
2013 on Standards for Primary and Secondary 
Education Process concurrently with the imple-
mentation of  Curriculum 2013 in some schools/
areas. Accordingly, the science teacher in Brebes 
and other areas with onion agriculture potencies 
can utilize the learning instruments developed 
for the learning process on the topic of  science 
object and observations. Further research can 
be conducted to determine the effectiveness of  
an integrated scientific-approach-based learning 
instrument in the other science subjects. 
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ABSTRACT

This study aims to describe the comparison of  students’ scientific literacy improvement in integrated science 
learning through guided dicovery and problem based learning models. The subjects were 8th grade students of  
State Junior High Schools in Bandung. This research design was quasi-experimental with non randomaized static 
group pretest-posttest design. The instrument used in this study was multiple choice test and attitude scale. The 
result shows that the improvement of  scientific literacy achievement of  students who learned integrated science 
through guided discovery and problem based learning models did not differ significantly. Integrated science learn-
ing through guided disovery models can improve student literacy achievement with the gain of  0.37 (medium 
category), while by using problem based learning model can improve scientific literacy with the gain of  0.41 
(medium category). It can be concluded that the both models of  guided discovery and problem based learning 
can improve students’ science literacy. 
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INTRODUCTION

The primary goal of  science education cur-
riculum is to provide an opportunity for learners 
to use their understanding of  science in the pub-
lic debate, make balanced information and deci-
sion about socioscientific issues affecting their life 
(American Association for the Advencement of  
Science, 2000). This thought underlied the idea 
of  scientific literacy. Robert (in Dawson & Ven-
ville, 2009) explained that scientific literacy is the 
value of  the students for life, regardless of  the ca-
reer and scientific needs. Individuals who are lit-
erate can be described in a practical way as being 
able to resolve the practical problems of  health 
and survival; participate in debates and decision 
making in social practices; get motivated to find 
out that science is the product of  human effort 

in cultural practices (Shen in Dawson & Venville, 
2009). Christenson et al. (2013) refined the idea 
and considered that the scientific literacy was re-
lated to society preparation for the future to make 
of  personal and collective decision on the socio-
scientific issue. Scientific literacy is considered as 
the root of  the progressive change of  science edu-
cation (Sadler & Zadler, 2009). 

The importance of  science literacy in 
science education has been elaborated, therefore, 
scientific literacy has been recognized internatio-
nally as a benchmark of  quality level of  science 
education. The Program for International Stu-
dent Assessment (PISA) consisting of  develo-
ped industrialized countries (the Organization 
for Economic Cooperation and Development, 
OECD) responded by developing science literacy 
assessment for children aged 15 years and under. 
The assessment is also performed in countries 
that are volunteered to be assessed, including In-*Alamat korespondensi: 
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donesia. The further analysis results of  the PISA 
data is for children in Indonesia resulted in seve-
ral findings of:
1.	 The achievement of  science literacy of  

students is low, with the average of  32% 
to the overall aspect, consisting of  29% for 
content, 34% for the process, and 32% for the 
context.

2.	 The diversity of  students’ scientific literacy 
among provinces in Indonesia is relatively 
low.

3.	 The ability to solve the problem of  children 
in Indonesia is very low, and it is far behind 
countries such as Malaysia, Thailand, or 
Philippines.

The level of  students’ scientific literacy 
that is considerably low are caused by several fac-
tors. According to Hayat & Yusuf  (2006), school 
learning environment and atmosphere affected 
students’ literacy score variations. Other factors 
like school infrastructure, human resources and 
school organization and management also in-
fluenced significantly on students’ literacy achie-
vement. Firman (2007) also revealed that the low 
level of  scientific literacy is closely related to the 
gap between applied science teaching in schools 
and the demand of  PISA.

Based on the result of  preliminary studies 
in one of  the Junior High Schools in Bandung, 
it is revealed that teacher still teach science as a 
separated subject (chemistry, physics, biology), 
teacher still roles as the center of  learning pro-
cess (teacher center) so the the concept mastery 
and inquiry ability is rarely trained, teachers only 
focus on concept mastery and do apply discove-
ry learning and problem-based learning. 40% of  
students are  not being involved in finding the 
concept of  science in learning process, 55% of  
students state that in learning process they are 
sometimes given the problems related to daily 
life, while 51% of  students state that the science 
is taught separately (Chemistry, Physics, Biolo-
gy). The preliminary study results into the basic 
assumption that science learning relevance at 
school is relatively low so it adversely affects the 
students’ scientific literacy. Therefore, some ef-
forts are needed to improve the quality of  science 
teaching to improve students’ scientific literacy.

Several previous studies have revealed 
about the development of  scientific literacy in 
science learning in the classroom. Learning 
science using socioscientific issue is the learning 
approach that has important role in promoting 
scientific literacy (Sadler & Zadler, 2005). Sobard 
& Rannikmae (2011) revealed that learning by 
using socioscientific issue made students got dif-

ficulty in evaluating the evidence and make deci-
sion because of  their critical thinking skills are re-
latively low. The development of  critical thinking 
skills can be done through realistic and relevant 
learning to support scientific literacy competen-
cy domains (Bailin, 2002; Dam & Volmen 2004). 
Van Aalsvoort (in Sobard and Rannikmae, 2011) 
also stated that learning by using socioscientific 
issues that are relevant to the  personal, social and 
global issues is necessary in developing students’ 
scientific literacy. Moreover the development 
of  scientific literacy can also be done through 
“writing tasks” in learning. Ritchie, et al. (2011) 
revealed that the students’ involvement and in-
terest in “writing tasks” can train basic skills of  
scientific literacy. In line with the Sadler (2004) 
research that said the essay on the socioscientific 
issue contributed effectively in the development 
of  scientific literacy of  middle school students.

Based on some of  research results, the ma-
jority of  scientific literacy development of  stu-
dents is performed by using socioscientific issues 
through learning process. However, in this article 
the researchers tried to explore the development 
of  students’ scientific literacy through integrated 
learning by using scientific literacy-based model. 
The model was  guided discovery and problem 
based learning (PBL) models. Guided discovery 
model was selected for its inquiry in the learning 
steps. Inquiry steps was suitable to train compe-
tence / domain of  scientific literacy. While, PBL 
model was selected because it was able to deve-
lop the students’ critical thinking skills. Critical 
thinking skills are important aspects that affect 
students’ literacy skills. The learning topics in 
this study was “Fluid” that was taught integra-
tedly. The topic was presented to be relevant to 
the personal, social and global context. Fluid to-
pic was divided into some subtopics consisting 
of  blood pressure, stroke, the buoyancy of  fish, 
and transportation in plants. This article revealed 
the achievements of  students scientific literacy in 
science integrated learning using model of  gui-
ded discovery and PBL.

METHOD

The method used in this research was qua-
si-experimental and the design was Non Rando-
maized Static Group Pretest-Posttest Design. The 
use of  this design was intended to determine the 
effect of  treatment towards the research subject 
(Fraenkel et al., 2012). The design can be seen in 
Table 1.

The research population was all students 
of  State Junior High School in Bandung in the 
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academic year 2014/2015 and the subject was 70 
students that were divided into two groups. The 
first group got integrated science learning using 
guided discovery model while the second group 
used PBL model. Instruments used in this rese-
arch were the multiple choice questions used to 
assess students’ scientific literacy skills in the as-
pects of  the content and science competencies. 
The data obtained and dianalsisis quantitatively 
and qualitatively. Quantitative analysis was con-
ducted on data of  students’ scientific literacy 
achievement scores of  both whereas the observa-
tion of  learning process was analyzed qualitati-
vely.

Table 1. Research Design of  Non Randomaized 
Static Group Pretest-Postest Design

Group Pretest Treatment Postest
Experiment I T1 X1 T2

Experiment II T1 X2 T2

Caption :
T

1 
: Pretest to determine initial achievement of  

students’ scientific literacy 
X

1
: Science learning using guided discovery 

model
X

2
: Science learning using problem based learning 

model
T

2 
: Postest to determine achievement of  students’ 

scientific literacy  after treatment

RESULT AND DISCUSSION

Scientific literacy is defined as the ability 
to use scientific knowledge, to identify questions 
and draw conclusions based on the evidence, in 
order to understand and make decisions regar-
ding to the nature and its changes resulted from 
human activity (Rustaman, 2003). In accordance 
with the definition, the test questions (items) re-
quire the use of  science competency in the con-
text by involving the application of  scientific kno-
wledge. Assessment of  scientific literacy in PISA 
does not assess the context, but the competence, 
knowledge and attitude that are related with se-
lected science contexts in the assessment. The-
refore, this research assesses the achievements 
of  scientific literacy in the aspect of  knowledge, 
competence and science.

The treatment in this research was integ-
rated science learning using guided discovery 
model for experimental group I and integrated 
science learning using problem based learning 
models for the experimental group II in four mee-
tings. Tests was given in the first meeting before 

learning process and in the last meeting after lear-
ning process. Test materials were same for both 
tests, they consisted of  26 items of  multiple cho-
ice questions. Overall achievements of  students’ 
scientific literacy who obtained science integrated 
learning using guided discovery and PBL models 
both before and after treatments were good  (N = 
80, p> 0.025), meanwhile the students’ scientific 
literacy in the two groups improved 37%  for gui-
ded discovery model and 41 % for PBL model.

Students’ scientific literacy of  both groups 
was well improved. However, after conducting 
difference test to the post test average of  both 
groups, it was found out that there was no sig-
nificant difference in students’ scientific litera-
cy skills (Figure 1). The result indicates that the 
implementation of  guided discovery and PBL 
models in integrated science learning were able to 
be used in improving students’ scientific literacy.

Improvements of  scientific literacy aspects 
occured because of  the integrated science lesson 
based on scientific literacy for both group could 
encourage students to construct and make con-
nections between their knowledge and its applica-
tion in daily life. This is consistent with Holbrook 
(2003) that stated “science will easily learned 
when the material is reasonable in students’ point 
of  view and also related to human life, interest 
and aspiration”.

Implementation of  integrated science 
learning by using guided discovery and problem 
based learning models also gave the opportunity 
to students to work together with other groups in 
doing the investigation, so that activity can deve-
lop their process and social skills. The collabora-
tion between investigation and peer discussion 
can develop thinking and social skills. Vigotsky 
(in Ibrahim, 2012) said that social interaction oc-
cured between students and their friends can help 
to form new ideas and enrich their intellectual. 
He also said that if  students interact with others 
who have better understanding, they will be able 
to achieve the level of  development that is slightly 
above its actual capabilities.

The results also showed that the learning 
model of  discovery and PBL provided opportu-
nities for students to learn thinking analytically 
and try to solve their problems. This provides a 
positive impact on the thinking competence and 
students’ understanding that will bring positive 
contribution to their sceintific literacy. This is in 
line with the results of  several studies (Brickman, 
et al, 2009; Balim 2009; Alfiery 2011, and Nbi-
na, 2013) which stated that learning proces that 
gives students the chance to be actively involved 
in gathering knowledge process in the deductive 
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or inductive analysis can develop their thinking 
skills and cognitive ability, meanwhile the knowl-
edge obtained will be more meaningful.

Scientific literacy that were examined 
consisted of  knowledge and science compe-
tence. Analysis of  scientific literacy knowled-
ge conducted to determine the profile of  Fluid 
material mastery. Fluid material is divided into 
several topics of  blood pressure, abnormalities 
in the circulatory system, the buoyancy of  fish 
and transportation in plants. Figure 2 shows the 
improvement of  students’ achievement for every 
content material that was discussed in the lear-
ning process. Overall, integrated science learning 
using guided discovery and PBL models can imp-
rove science content mastery achievement taught 
in the learning process. The highest improvement 
was in transportation of  plant content of  both 
groups that used guided discovery learning and 
PBL models. Results of  students’ activity obser-
vation showed that the dominant activity during 
the learning process with guided discovery and 
PBL models was in the experiment activities and 
teacher’s explanation. This means that the expe-
riment conducted by student contributed positi-
vely to students’ understanding of  this content. 
Through experiment, students were given the op-
portunity to discover the concept of  transportati-
on of  plants. After the experimental activity was 
completed, the teacher also gave reinforcement 
in the concept of  capillarity in plants through the 
video. The experiments conducted by students 
in both groups followed the steps in the scienti-
fic process so that it can help students master the 
concepts learned. This is in line with Swakk et al. 

(2004) which states that learning using empirical 
cycle (the process approach) for example collecti-
on and classification of  information, formulation 
of  hypothesis, making predictions, interpretation 
of  experimental results and making conclusions 
to improve and enhance the skills of  inquiry and 
the students’ cognitive processes; students were 
given the opportunity to learn thinking analyti-
cally and try to solve their problems.

The use of  video in learning process was 
also considered easier for students to understand 
abstract concepts in transportation of  plants ma-
terial. The use of  multimedia like video in lear-
ning process was able to improve the intensity 
of  interactive communication, creative dialogue 
and students’ discussion, thus triggering the for-
mation of  knowledge building in every students. 
The results of  this study is consistent with Fan 
& Geelan (2012) which stated that the use of  
multimedia in science learning can enhance stu-
dents ‘understanding, science process skills and 
students’ understanding of  the nature of  scien-
ce. Those aspects are part of  scientific literacy 
domain consisting  of  context, the competence 
of  science and knowledge of  science. Moreover, 
multimedia learning can contribute to the deve-
lopment of  quality science learning and improve 
students’ scientific literacy in the future.This stu-
dy do not only reveal the students’ understanding 
of  fluid material, but the more interesting for us 
to observe is how is the students’ thinking com-
petence after obtaining science learning using 
guided discovery and PBL models. This is neces-
sary because a person is said to be literate if  he is 
not only proficient in conceptual terms, but also 

Figure 1. Overall Students’ Scientific Literacy. The difference test of  score average showed no signifi-
cant difference between groups using guided discovery and PBL models. (*** p > 0,025)
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for PBL. Then for the indicator of  “explaining 
scientific phenomena” it improved 29% for both 
models, and for the indicator of  “using scientific 
evidence it improved  32% for guided discovery 
model and 34% for PBL.

The improvement of  students’ competence 
in each indicator was because the implemented 
learning model emphasized on students’ inde-
pendency and thinking skills. Basically, the mo-
del is applied in the classroom to give students 
an opportunity to practice recognizing authentic 
scientific issues in learning process to solve these 
problems through systematic stages. Hence stu-
dents’ scientific literacy skills of  science process 
aspects has improved after implemented learning 
process. This is in line with research finding of  
Rubini et al. (2016) that revealed  learning that 
facilitates students to solve problems can improve 
authentic domain process/students’ competency 
significantly.

their way of  thinking to solve the problem using 
their knowledge. This research will be unfair if  it 
only reveals of  domain of  content, therefore, the 
research results that will be subsequently discus-
sed are science competence of   students. Student 
competence revealed in this research refers to the 
scientific literacy indicators recommended by the 
Programme of  International Student Assessment 
(PISA) in 2012. They are “Identifying scientific 
issues”, “Explaining phenomena scientifically” 
and “Using scientific evidence”. Overall perfor-
mance shows improvement of  students’ science 
competencies after using guided discovery and 
PBL models in science learning can be seen in 
Figure 3.

Figure 3 shows that the achievement of  
students’ science competencies overall showed 
encouraging results. The research revealed that 
the indicator of  “identify scientific issues” imp-
roved 42% for guided discovery model and 44% 

Figure 2. Profile of  improvement content mastery achievement of  fluid material after the learning 
process used Guided Discovery and PBL models 

Figure 3. Improvement of  students’ science competencies after using guided discovery and PBL mod-
els in science learning (1. Identifying Scientific Issues; 2. Explaining Phenomena Scientifically; 3. 
Using Scientific Evidence)
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Moreover, the developed model is also sup-
ported with multimedia such as video, animation 
and film. The use of  multimedia in learning pro-
cess can motivate students to learn. The role of  
motivation developed from individual is very im-
portant the knowledge building  depends on the 
students’ motivation. The use of  multimedia also 
can help students in learning process of  the mate-
rial that can not be seen directly in the classroom, 
for example the theory of  the formation of  the 
universe, the theory of  the formation of  the solar 
system, the movement of  the planets in the solar 
system. This is consistent with the statement of  
Camberlain (2012) that stated the multimedia si-
mulations in learning process can help students 
visualize objects and processes that can not be 
displayed directly in the classroom. Further it is 
explained that the availability of  the technology 
allows students get richer learning experience du-
ring lesson through the use of  simulation in the 
learning concept material. 

Based on previous elaboration, the use of  
multimedia in learning process that shows the 
simulation gives an important role in the deve-
lopment of  students’ scientific competence. The 
result is consistent with several studies that reveal 
the use of  interactive multimedia is potential in 
developing the scientific concepts and students’ 
science process skill (Evan, Yaron and Leinhadt, 
2008).

The implementation of  integrated scien-
ce learning using guided discovery and problem 
based learning model can improve students’ 
scientific literacy skills both aspects of   content 
and science competency in the medium catego-
ry. This is influenced by several factors of  (1) the 
big number of  students so it took too much time 
to help them find a concept or problem solving, 
(2) integrated science learning required students 
to understand the concepts of  various disciplines, 
students who were not familiar with that would 
have difficulty in linking concepts across discip-
lines, (3) during the learning process with guided 
discovery and problem based learning models 
students are required to act like a scientist, it 
was difficult for less intelligent students because 
they had to think or express the relationship bet-
ween conceptual concept, which in turn leading 
to frustration, (4) students were also not familiar 
with the provided worksheet, because it required 
to do simple research that required mindset rea-
diness then students who were not familiar with 
these conditions can experience the boredom, (5) 
goals and objectives of  guided discovery learning 
can be disrupted by students and teachers who 
were familiar with traditional teaching method.

  CONCLUSION

Based on the analysis it can be concluded 
that the integrated science learning using guided 
discovery and PBL model can be used to build 
students’ scientific literacy in both aspects of  con-
tent and science competency. The achievement 
of  content mastery and students’ science com-
petency in both groups after learning process has 
improved quite satisfactory, this is because the 
learning (both guided discovery and PBL) is de-
signed by adopting scientific approach methods, 
prioritizing independent learning, and promotes 
students’ thinking skills. While the role of  the 
multimedia in learning process facilitate students 
to understand abstract concepts. 

From the research results, the science lear-
ning in junior high school should provide inquiry 
skills to students. If  the student has been trained 
with the activities of  inquiry, it can facilitate te-
acher in implementing integrated science lear-
ning using guided discovery and problem based 
learning model. This study was not used the aut-
hentic assessment in revealing students’ scientific 
literacy skills. Therefore, if  you intend to conduct 
similar research it is necessary to develop an aut-
hentic assessment to reveal students’ scientific li-
teracy skills.

REFERENCES

Alfieri, L., Brooks, P.J. & Aldrich, J.N. 
(2011). Does Discovery-Based Instruction En-
hance Learning?. Journal of  educational Psycology, 
(103) 1, 1-18.

American Association for the Advance-
ment of  Science. (2000). Designs for science literacy. 
Washington, DC: Author.

Bailin, S. (2002). Crithical Thinking and 
Science Education. Science & Education. 11: 361-
375

Balim, A.G. (2009). The Effect Of  Disco-
very Learning On Student’s Success And Inquiry 
Learning Skills. Eurasian Journal Of  Educational 
Research. (35): 1-20.

Brickman, P., Gormally, C., Armstrong, 
N & Hallar, B. (2009). Effects of  Inquiry-Based 
Learning on Students’science Literacy Skills dnd 
Confidence. International Journal for the Scholarship 
ofTeaching and Learning. (3)2 

Chamberlain. 2012. Inquiry and Scienti-
fic Literacy. Retrieved from www.sagepub.com/
upmdata/24393_chamberlain_chapter1.pdf   
date: 22 Februari 2016

Christenson, N., Rundgren, S.C., dan 
Zeidler, D.L. (2013). The Relationship of   Discip-



37D. Ardianto, B. Rubini / JPII 5 (1) (2016) 31-37

line Background to Upper Secondary Student’s 
Argumentation on Sosioscientific Issues. Journal 
of   Research in Science education, 43(6), 5-12.

Dam, G dan Volman, M. (2004). Critical 
Thinking as a Citizenship Competence: Teaching 
Strategies. Journal Learning and Instruction.14 (1), 
359-379.

Dawson, V. & Venville, G. J. (2009). High-
School Students’ Informal Reasoning and Argu-
mentation about Biotechnology: An indicator of  
scientific literacy?. International Journal of  Science 
Education. 3(11), 1421–1445.

Fan,  X.,  dan  Geelan,  D. (2012). Effec-
tiveness  of  active  instruction  with  simulation  on 
misconceptions  in  senior  secondary physics  classroom  
in  Mainland  China. Paper presented  at  the  43rd 
Annual ASERA  Conference, University  of   the  
Sunshine Coast. 

Firman, H. (2007). Laporan Analisis Litera-
si Sains Berdasarkan Hasil PISA NAsional. Jakarta: 
Puspendik.

Fraenkel, J.R., Wallen, N.E. & Hyun, 
H.H. (2012). How to Design and Evaluate Research 
in Education. New York: McGraw-Hill.

Hayat, B., & Yusuf, S. (2006). Benchmark 
Internasional Mutu Pendidikan. Jakarta: Bumi Ak-
sara

Holbrook, J., Laius, A., & Rannikmäe, M. 
(2003). The Influence of  Social Issue-Based Science 
Teaching Materials On Students’ Creativity. Univer-
sity of  Tartu, Estonian Ministery of  Education. 

Ibrahim, M. (2012). Pembelajaran Berbasis 
Masalah. Surabaya: University Press.

Nbina, J. B. (2013). The Relative Effecti-
veness of  Guided Discovery and Demonstration 
Teaching Methods on Achievement of  Chemistry 
Students of  Different levels of  Scientific Literacy. 

Journal of  Research in Education and Society. (4) 1, 
8-13.

Ritchie, S.M., Tomas, L., &n Tones, M. 
(2011). Writing Stories to Enhance Scientific Li-
teracy. Internatonal Journal of  Science Education. 
33(5): 685-707.

Rubini, Permana, & Ardianto. (2016). 
Membangun Literasi Sains Mahasiswa Non Sains da-
lam Perkuliahan IAD. Laporan Penelitian. Bogor: 
Pascasarjana Universitas Pakuan.

Rustaman, N.Y. (2003). Literasi Sains Anak 
Indonesia 2000 dan 2003. Bandung: Universitas 
Pendidikan Indonesia.

Sadler, T.D dan Zeidler, D.L. (2009). Scien-
tific Literacy, PISA, dan Socioscientific Discour-
se: Asessment for Progressive Aims of  Science 
Education. Journal of  science Teaching, 1(1), 1-13.

Sadler, T.D., & Zeidler, D.L. (2005). The 
significance of  content knowledge for informal 
reasoning regarding response to a sosiocientific 
issues: Applying genetics knowledge to to genen-
tic engineering issues. Journal of  Science Education. 
89(1), 71-93.

Sadler, T.D. (2004). Informal reasoning 
regarding socioscientific issues: a critical review 
research. Journal of  Research  in Science Teaching, 
41(5), 513-536.

Sobard, R., & Rannikmae, M. (2011). As-
sessing student’s level of  scientific literacy using 
interdisciplinary scenarios. Science Education In-
ternational, 22 (2), 133-144.

Swaak, J., Jong, T,D., & Joolingen, W.R. 
(2004). The Effect of  Discovery Learning and 
Expository Instruction on the Acquisition of  De-
finitional and Intuitive Knowledge. Netherlands. 
Journal of  Computer Assisted Learning, 20 (1), 225-
234.



JPII 5 (1) (2016) 38-44

Jurnal Pendidikan IPA Indonesia

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

INQUIRY-BASED SCIENCE COMIC PHYSICS SERIES INTEGRATED 
WITH CHARACTER EDUCATION

D. Yulianti*1, S. Khanafiyah2, S. Sulistyorini3

Universitas Negeri Semarang, Indonesia

DOI: 10.15294/jpii.v5i1.5787

Accepted: 8 January 2016. Approved: 25 March 2016. Published: April 2016

ABSTRACT

This study aimed to test the level of  readability and feasibility of  science comic, to knowcharacter development 
through a small test in some schools. The research design was Research & Development, trials were using quasi-
experimental pre-test-post-test experimental design. The instruments to measure attitudes were: a questionnaire 
and observation sheet, a test used to measure comprehension of  the material. The results showed that learning 
science by inquiry-based science comic can improvecharacters and cognitive achievement of  primary school 
students. Results in the form of  inquiry-based science comic can be utilized in learning science as a companion 
teaching materials.
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INTRODUCTION

The nation character is the basic needed to 
build a high level of  civilization. People who are 
honest, independent, working as group, follow 
rules, trustworthy, strong and has a high work et-
hic, will produce a system of  social life and well 
organized. Therefore Kemendiknas has launched 
a character-based education on May 2, 2010.

Teaching materials can be used to help both 
teachers and students in the learning process, so 
the teachers do not need too much presenting the 
learning materials in class. In theselection of the 
teaching materials, we need to pay attention to the 
illustrations effects that can be used to deliver mes-
sages to the users. One of the illustration form that 
being used frequently in teaching materials, namely 
comics or cartoons. Comics word comes from the 
English which is the main manifestation of the li-
terary phenomenon of the image. The word comics 
generally accepted in Indonesia to mention litera-
ry images. According to Mc Cloud (2001), comics 

are drawings and other symbols are contiguous or 
adjacent in certain utterances which aims to deliver 
information and achieve aesthetic responses from 
readers. Comic is an art form that uses no moving 
pictures which are arranged in such forming and 
build up story. Science is a part of our lives and en-
vironment interaction is a central feature in the lear-
ning process (Sumaji, 2004). Physics is the scien-
ce section which is a product and process, so that 
the learning can not be separated from the inquiry 
proceedings. Comic science in this study, is a series 
of illustrated stories that contain knowledge in the 
form of materials science subjects (physics) are ar-
ranged with everyday language and interesting.

Comics liked by the young to the old. Co-
mics in addition to functioning as the entertain-
ment media, can also be used effectively in order 
to raise interest in reading, develop vocabulary 
and reading skills and can be used as an effecti-
ve medium for learning purposes (Hadi, 2008). 
The utilization of  comics on learning in selected 
schools are to educate, excite learning, funny, and 
well known by children and adapted from their 
world.
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One media that can be used by teachers 
in the learning process of  science (physics) is the 
science comics medium. Comics can also be used 
to increase interest. The research results by Yuli-
anti & Khanafiyah (2009a) about the experiment 
of  comic science of  work and energy can increase 
the students’ interest of  Elementary School (SD) 
Susukan Semarang.Another research on the stu-
dents of  SD Negeri 2 Sukorejo Semarang (Yu-
lianti et al., 2010) applying comic light material 
science, the result is the science students interest 
are growing. Therefore, the research on the cha-
racter integration in science education is aided 
comic needs to be done.

The objectives of  this research are: to test 
the legibility level and the feasibility of  science 
comic through the medium test, small and class 
in a number of  schools, to find the character de-
velopment and cognitive learning outcomes after 
the application of  teaching materials accompa-
nying by Comics Science

METHOD

The study is conducting over two years, 
using a design research and development (Gall 
et al., 2003). Inquirybased science comic that has 
been validated testing experts and legibility and 
the feasibility of  small groups consisting of  10 
students, the group was composed of  20 students, 
and the class test on 8 elementary school. The 
study used a quasi - experimental, pretest-posttest 
with experimental design.

The subjects in this study are elementary 
school students from state schools and private 
elementary school in Semarang which consists 
of  16 districts. As the samples are from six (6) 
districts. The sampling is done randomly,we take 
3 elementary school from each districtconsist of  
state school and a private elementary school. The 
research instruments consist of  a questionnaire, 
the observation sheet and cognitive ability test. 

The data analysis has been done with N gain test-
score. Themethod used in this research is quanti-
tative method in the form of  pre-post test.

RESULTS AND DISCUSSIONS

There are five kinds of  science comic with 
the subject matter such asSubstance and Chan-
ging Form; Earth and the Universe; Thermal 
Energy and Sound Energy; Simple air; and Water 
RecyclingProcess. Science comic which being de-
velope are series of  illustrated stories that explain 
the material science subjects (physics).The stu-
dents are invited to get to know the characters in 
the comics, understand the story with the help of  
an attractive image and some simple experiments. 
These comics are equipped with several sections 
such as pictures and illustrations that support the 
explanation of  the material presented.

According to Waluyanto (2005), comic is a 
tool that has the function to convey the message. 
Comics as a medium, conveying the message in 
a clear, coherent, and fun ways. Comic as a me-
dia hasa potential to become a teaching material. 
Display image will help in understanding the ma-
terial. Based on research by Yulianti et al. (2010) 
science learning by playing while learning appro-
ach can improve student learning outcomes. The 
“Playing While Learning” is a simple trial activi-
ties related to the material studied and invites stu-
dents to do experiment by following the instruc-
tions. In the science comic there are also comic 
reading “Further With Science” for students to 
learn more about science. This section invites 
students to open up wider horizons so that its 
presentation in the form of  material enrichment. 
The final part of  this comic is the “Evaluation” 
which contains questions to test students’ under-
standing of  science presented in comics in the 
form of  a game.Rice (2009) suggested that one of  
the learning process that can arouse the pleasure 
and interest is the addition of  a game. The ana-

Table 1. The Results of Feasibility Analysis of Each Comics

Materials Display
Language 
and Text

Content and 
Evaluation

Character 
Integrated

Average

Substances and Change 93 93 91 88 91,25  Very Reasonable

Earth and Universe 96 94 89 86 91,25  Very Reasonable

Heat Energy and 
Sound

98 91 88 85 90,5  Very Reasonable

Simple Air 99 90 87 87 90,75  Very Reasonable

Water Recycling 
Process

94 92 91 84 90,25  Very Reasonable

Average 96 92 89,2 86 90,8 Very High
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lysis results of  the feasibility average of  comics 
produced is 90.80%. This shows that the use of  
Science Comic as a teaching material has a very 
high rate of  viability. The results of  the feasibility 
analysis are presented in Table 1.

The design of  Science Comics is compiled 
using figures which appropriate for elementary 
school children with the balance and harmonious 
colors composition and the depiction of  the situ-
ation with captions that help them to understand 
the material. This is in accordance with the sta-
ges of  cognitive development according to Piaget, 
children of  elementary school age who are in the 
age range 7-11 years are on the stage of  concre-
te operations. Concrete operations stage has the 
characteristic ability to think logically, begin to 
look at the object objectively and conceptually, 
and the thought is no longer about themselves 
but the outside of  themselves too(Trianto, 2007). 
The Science Comics are a merger between text 
and image, thus making the message looks more 
concrete.

Aspects of  language and text in science 
comics are arranged using Bahasa Indonesia in 
accordance with formal spelling, communicative, 
adjusted text size, the sentence structure is quite 
short and easy to understand. Based on the as-
pects of  language, good teaching materials have 
several criteria: appropriate with the mind deve-
lopment, understandable message and language, 
the usage of  standard terms, and integrity of  
meaning in both sentences and paragraphs (Mi-
nistry of  National Education, 2010).

The material aspect of  science comics con-
tainsvalid and up to date illustrations of  facts or 
physics concepts adapted to the curriculum at 
elementary science lessons. The materials are 
sufficient to achieve basic competences, as well 
as balance between content and exercises. This 
is in accordance with the Ministry of  Educati-
on (2010) which states that the principles of  the 
content of  teaching materials cover the propor-
tionality of  relevance principle, adequacy and 
accuracy. Science comicsare constructed upon 
inquiry-based storyline. Science comics are also 

prepared based on guided inquiry. This is con-
sistent with the research by Taulina et al. (2009) 
that adoption of  inquiry approach to learning can 
improve thinking ability and activities of  elemen-
tary school students. The application of  guided 
inquiry approach is tailored to the intellectual de-
velopment of  students.

Readability test for the science comics was 
conducted using jumbled text as the instrument 
and performed on fourth grade students. The 
readability score of  science comicwas 91.4% ac-
cording to Bormuth criteriawhich states that te-
aching materials are easy to understand (Widodo, 
2001). The science comic is understandable since 
it is modified into children’s intellectual develop-
ment level. It used communicative fonts while the 
size were varied between 15 to 12. The use of  the 
varied font size aimed to attract students to read 
it. In the early part text size was set at 15 and 
ended at 12. This is true as stated by Schounnell 
cited in Kustiono (2010)that when students read, 
they should be given a larger size at the begin-
ning, and later the teacher can decrease the size 
down to 12. The development of  character and 
cognitiveof  students before and after the study 
are presented in Table 2.

At each treatment, student’s character 
was improved, though not all of  the characters 
became custom. This is consistent with Lickona 
who states that there are three stages of  character 
development; Moral Knowing, Moral Feeling, 
and Moral Action. Setyawati et.al (2013) believes 
that the utilization of  science module is effecti-
ve in improving students’ character. Character 
development is presented through dialogue, de-
pictions of  figures and indicators adapted to the 
character as proposed by Ministry of  Education. 
Ulfah (2004) finds that moral attitude or charac-
ter of  elementary school students can be develo-
ped using transparency comic as a graphic media.

Character development is delivered 
through the knowledge of  indicators of  comic 
characters favored by the reader. According to 
Damaiwati (2007), the comic medium is a form 
of  teaching media. Acomic is likeable reading 

Table 2. Analysis of  Students’ Character Development

Character Before Criteria After Criteria Gain Criteria

Religious 69,56 Start to develop 84,27 Being a custom 0,31 Average

Creative 62,84 Start to develop 85,50 Being a custom 0,35 Average

Curiosity 67,15 Start to develop 86,54 Being a custom 0,41 Average

Willingness to read 66,43 Start to develop 83,01 Being a custom 0,35 Average

Caring to nature 65,66 Start to develop 84,27 Being a custom 0,32 Average

Discipline 77,39 Start to develop 82,16 Being a custom 0,21 Low
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resource for almost all age groups; children, ado-
lescents and adults. Sewell & College (2003) sta-
tes that the cultivation of  character can be integ-
rated into school life so that it becomes culture. 
Character development can also happen due to 
inquiry, since the science comic in this study was 
designed with the inquiry nuancewith playing 
approach. Inquiry can facilitate students to solve 
problems through scientific investigation, so that 
students can find their own answers (Mc Dermott 
et al, 1996). This is also found by Suma (2010), 
which explains that the inquiry-based learning 
is effective in increasing mastery of  the material 
and scientific reasoning. Wiyanto study (2004) 
showed that the application of  the inquiry appro-
ach successfully increasing interest, developing 
scientific abilities e.g. explaining, predicting, de-
signing experiments, collecting, analyzing andd-
rawing conclusions, and communicating. Wen-
ning (2005) discovered that the inquiry-based 
learning gives students experience in working 
scientifically.

Religious indicator presented in the co-
mic through several dialogues and depictions of  
figures whichrecognizeGod and appreciate all 
natural phenomena as God’s creation. Cogniti-
ve aspect of  religious character that appears in 
the comics was emphasized through a dialogue 
which stated that the earth and the universe were 
formed because of  God’s Will. Affective aspect 
was brought via a dialog contains admiration 
toward God’s creation while reminding others 
to always be grateful for all God’s gifts. The co-
native aspectwas raised in the dialogue between 
characters who are grateful for everything and 
use them well. Religious is obedient attitudes and 
behaviours in carrying out the teachings of  his 
religion (Ministry of  National Education, 2010).

Discipline character was taught in the form 
of  dialogue and depictions of  figures who behave 
in an orderly and adhere to the rules. Cognitive 
aspect of  disciplineappeared in comics through 
dialogue and depictions of  figure stated that 
being on time is part of  the discipline. Affective 
aspect was performedvia one of  the characters 
that reminded others not to come late again. Co-
native aspect emerged when one of  the characters 
promised to not be late again. Discipline is an act 
that shows orderly behaviour and complies with 
various rules and regulations (Ministry of  Natio-
nal Education, 2010).

Creative characterpopped up whena cha-
racter stated that use a simple technology facili-
tate the work of  man. Affective aspect implied 
when the dialogue was able to raise readers’ cu-
riosity. Creative is thinking and doing something 

to generate new ways or result of  something they 
have (Ministry of  National Education, 2010).

Caring toward nature came out when the 
charactersaid that the drought was a result of  hu-
man activity. Affective aspect was shown when 
the character concerned with the drought. Cona-
tive aspect rosein the case of  one of  the charac-
ter said that he will participate to lessen drought. 
Caring for environment is the attitude and action 
which seeks to prevent damage to the surroun-
ding natural environment, and develop measures 
to repair the environmental damage that has oc-
curred (Ministry of  National Education, 2010).

Students couldlearn the good attitude 
through character depiction. This is in accordan-
ce with Suyadi (2013), which explains that cha-
racter education is a conscious and planned effort 
to determine the truth or goodness, love and do it 
in daily life.

In addition to character development 
through comics, the teacher gave an example di-
rectly to the students about the character that nee-
ded to be developed, e.g.coming on time, greeting 
others, praying before and after lessons, discipline 
in doing the task, and inviting students to pick up 
the garbages around them after the class ended. 
Direct example were meant that studentscould 
mimic them well. This is supported by Zarkasyi 
cited in Mulyatiningsih (2010) that to providing 
exemplary is capable of  changing students’ cha-
racters.

Development of  the religious character 
was in the criteria of  becoming a custom. This 
is because the indicatorsof  character such as 
admiration at God’s creation, being grateful to 
God werecharacterswhich had already existed in 
children. Azwar (2012) believed that the attitude 
or character is not only determined by the state of  
the object at hand but also related to the previous 
attitude experience. Moreover, the religious cha-
racter was also developed through other subjects 
such as Islamic education and citizenship educa-
tion.

The character of  caring toward environ-
ment, creative and discipline began to develop. 
These were because the character indicators 
such as discipline in doing the task, following the 
school rules, creating a new sentence of  a word, 
or greening school grounds, as well as participa-
ting in cleaning school were not the character that 
waseasily done by elementary school children. 
Elementary age is an age that is more playful and 
more inclined to break the rules, while not all ele-
mentary school children have high creativity to 
solve problems and littering became the obstacles 
to cultivate the good characters. This is supported 
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Bryan (2005) concluded that the character is not 
only included in the curriculum but can be app-
lied in students’ life anytime. Integration of  the 
characters aimed to promote characters educati-
on through learning activities. Song et al. (2008) 
thinks that comics can be used as a powerful 
learning media to interpret the knowledge and 
application of  science, because the use of  comics 
in science learning will be more stimulating and 
interesting than sole explanation of  science facts. 
Beside that, cognitive learning outcomes after the 
use of  science comic in learning increase signifi-
cantly. Wahyuningsih (2011) said that comic as 
medium of  learning can improve learning out-
comes completeness, liveliness, interest and posi-
tive response from students.

Benninga, et al (2003) suggested that 
schools which handle their character education 
program seriously tend to have high academic 
achievement scores. This is in line with the opi-
nion of  Tatman et al. (2009) which states that 
a school that integrates character education in 
learning untilbecoming habit, the students would 
have high cognitive learning outcomes. This is 
consistent with the results of  research by Yuli-
anti & Khanafiyah (2009b) on the tryout of  force 
and energy science comic to increase students’ 
interest at Susukan elementary school Semarang. 
Yulianti et al. (2010) stated that the application 
of  science comics can foster interest in science 
toward students of  SD N 2 Sukorejo Semarang. 
Reading is a form of  passive play, and through 
play children have the opportunity to explore, dis-
cover, express, create, and learn pleasantly.

CONCLUSION

Based on this research, it can be concluded 
as follows: the results of  the feasibility and reada-
bility test of  science comic could be used as teach-
ing materials and improve the character and the 
cognitive learning of  elementary school students. 
Thus inquiry-based science comics that had been 
generated could be used widely in science teach-
ing as a companion of  teaching materials, in ad-

by Azwar (2012) that the culture in which we live 
and grew up to have a major influence toward the 
manifestation of  our attitude.

The increased religious character, creative, 
lovereading and caring for the environment were 
in the average criteria since the interaction was 
limited to the classroom environment. The little 
time used in the study also led to a modest in-
crease, but at the end of  the study the develop-
ment of  characters shifted to “start tobecome a 
custom”criteria. This occured because changing 
characterstakes a long and gradual time (Wibo-
wo, 2012). The process of  developing character ​​
is a long process starting from start until the end 
of  educational units. The development of  charac-
ter education is sustainable, which means starting 
from the beginning to the end of  the education 
units (Ministry of  National Education, 2010).

Improving disciplinary was low, but in the 
end it showed criteria of  ‘becoming a custom’. In 
addition, character is a developmental educatio-
nal material. Developmental educational materi-
als means that it requires quite a long process and 
strengthens the learning activities toward other 
learning activities, and between learning in the 
classroom with curricular activities at school and 
outside of  school (Ministry of  National Educati-
on, 2010).

Cognitive Learning Result
Cognitive learning outcomes are presented 

in Table 3. Scores were obtained from the tests 
given before and after the application of  science 
comics.

Table 3 shows that the increase of  cogniti-
ve learning before and after utilizing the science 
comicwas in the moderate category. This was due 
to the use of  interesting and character integrated 
teaching materials in the form of  comics, causing 
the students to be more interested in learning. Lu-
bana et al (2013) suggest that the learning device 
oriented on character education has an effect on 
the cognitive learning. Novianti & Syaichudin 
(2010) adds that learning to use the medium of  
comics can increase students’ understanding. 

Table 3. Means of  Cognitive Learning Results Assisted with Science Comics

Statement Before After

Highest Score 85 95

Lowest Score 30 43

Means 60 74

<g>  0,34

Statement<g> Average
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dition to using instructional media that had been 
used.

Recommendation was addressed to teach-
ers and parents to take advantage of  a companion 
teaching materials in the form of  comics in addi-
tion to teaching materials that had been used, to 
improve the character of  the students. The use of  
comics should be repeated at home so that cha-
racter development could take place quickly.
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ABSTRACT

The implementation of  the learning device with inquiry learning model into a developed model and tested in the 
learning process in elementary and junior high school “Satu Atap” 4 Singosari Malang. This type of  research 
is done through experimentation with pre-experimental design that is implemented by the design of  one group 
pretest and posttest design. The trial results with the learning device guided by inquiry learning model at the 
elementary-SMPN 4 “Satu Atap” Singosari Malang shows that the activities carried out as many as four meetings 
run according to the lesson plans have been made. Learning by using inquiry model on electric material can be ac-
complished through: 1. Identification of  question / formulate problem with the average score 3:38 (pretty good), 
step 2. Formulate a hypothesis with an average score of  3:25 (pretty good), step 3. Designing and observation/ 
experiment with an average score of  3:50 (well), step 4. Collecting and analyzing the data with an average score of  
3:38 (pretty good), and step 5. Drawing conclusions/ generalizations with an average score of  3:38 (pretty good). 
Learning models for additives substance material with step 1. Identify the question / formulate the problem got 
an average score of  3:13 (pretty good), step 2. Formulate a hypothesis to get an average score 3:13 (pretty good), 
step 3. Designing and making observations / experiment with an average score of  3:38 (pretty good), step 4. 
Collecting and analyzing the data with an average score of  3:25 (pretty good), and step 5. Drawing conclusions 
/ generalizations with an average score of  3:50 (well). The students’ learning outcomes using inquiry learning 
model covers aspects of  knowledge, skills and attitudes obtained as follows: the aspect of  knowledge through the 
pretest and posttest on the matter of  electricity has increased the average percentage score from 42.6 on the pretest 
become 67.7 with an average score of  N-Gain 0.44 in the medium category, while the knowledge aspect of  learn-
ing outcomes on additive substance material has increased the average percentage of  the score from 42.6 to 82.2 
in pretest and posttest with an average score of  N-Gain 0.69 in the medium category. The skill aspects on electric-
ity material get the highest score in the predicate B +, while the highest score of  additive substance material on 
the predicate A-, as well as attitudes aspects shows that more than 50% students show a good attitude during the 
learning process, ie 67% on the electricity material and 80% on the additives substance material.

© 2016 Science Education Study Program FMIPA UNNES Semarang
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INTRODUCTION

 “Satu Atap” Elementary School - Junior 
High School (SD-SMP) is a different educational 
model of  elementary and junior high schools be-

cause the implementation of  teaching and lear-
ning process is in one place. This model is desig-
ned for educational institutions become closer to 
the most easily accessible by the society (Fadjri, 
2009). We hope no longer school-age children 
who are not in school because of  the distance to 
school. However, the quality of  the education in *Alamat korespondensi: 
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“satu atap” elementary and junior is still far from 
ideal, as happened in the SMPN “Satu Ata”” 
Karangploso Batu-Malang and SD-SMP “Satu 
Atap” Kokop Bangkalan village, none of  the 
students is graduated in National Examination 
2010. It shows that all subjects tested in National 
Examination including IPA, the students obtain 
low score or below the standard set by the govern-
ment. One of  the failure reason is the limitation 
of  the human resources quality. This is consistent 
with the research results of  Rahmasari, 2014 sta-
ting that the limiting factor in the implementation 
of  elementary and junior high chool of  “SATAP” 
is the number of  teachers and education person-
nel are not adequate. In contrast to ordinary 
schools whose human resources are met in terms 
of  both the amount and the minimum require-
ments, the student background, school facilities 
as well as the location and distance are relatively 
easy to reach. Therefore, we need a breakthrough 
in the process of  learning science in “Satu Atap” 
elementary and junior  high school in preparing 
the plan of  learning process by the teacher. The 
empowerment of  the teachers in “SATAP” ele-
mentary and junior high school should be done 
to overcome the obstacles in the implementation 
of  schools’ policies in the learning process (Rah-
masari, 2014). In addition, the need to pay our 
attention to the lack of  facilities in the school, for 
example, no media such as OHP, no internet faci-
lity and have not apply the inquirí learning model 
in the science subject in “Satu Atap” elementary 
and junior high school.

The inhibiting factor of the activities imple-
mentation in “SATAP” elementary and junior high 
school in addition to the lacking number of teachers 
and education personnel, inadequate facilities and 
infrastructure is also inadequate (Rahmasari, 2014). 
Muhafid, 2013 stated that one of the causes of have 
no science learning at “SATAP” schools because 
the teachers are from different disciplines and the 
limited learning device, media, and science learning 
resources for teachers and students.

Data from observations mention that the use 
of media-based IPA both manual and IT will greatly 
assist the process of students’ concept understan-
ding and can support student achievement (Science 
learning media especially about abstract concepts). 
From an interview with some teacher who teach at 
“SATAP” school, it revealed the problems arising 
from the teachers in the implementation process of 
learning science, namely the lack of facilities and 
infrastructure of the school. Another thing that is 
more important is to prepare the teachers in prepa-
ring a learning device and the media that support 
and implement the inquiry learning tools in the 

learning process that can improve students’ skills in 
scientific processes that can improve student lear-
ning outcomes. According to Lee &Krapfl, 2002; 
Smolleck et al., 2006 in Nam (2011), Inquiry-based 
learning provides opportunities for students to inter-
nalize or transform the new information by which 
they construct their individual cognitive structures.

Results of other studies mention that the me-
dia model of DNA proved to be effective in teaching 
the concept of genetic material (Susantini, 2008). 
The same was reported, that the use of models of 
DNA, photographs and chromosome preparation 
can finish high school student learning objectives 
(Vebriari, 2010).

Science media and learning tools that will 
be developed need to pay attention to hands-on and 
minds on that needs to be equipped with the Student 
Activity Sheet (LKS) which can stimulate students’ 
inquiry skills “Satu Atap” elementary and junior 
high school. The students will spend a lot of time 
in inquirí activities such as: observing, manipula-
ting materials, and conduct an investigation. The 
learning objectives can be achieved if the inquiry 
involves students in identifying the problem, make 
hypotheses, predict the concepts and principles, de-
signing experiments, discussion, analysis, and con-
cluded.

“Problem solving therefore, a variety of 
instructional strategies should be included in one’s 
teaching repertoire. To achieve the goal of scien-
ce instruction based on open-inquiry, instruction 
should involve students in hypotheses testing (tes-
ting the predictions of concepts or principles) or 
problem solving (testing the solutions to problems). 
Open-  inquiry instruction, such as problem solving 
or hypotheses testing, provides students” (Pizzini, 
1991).

Science in an inquiry process is already 
listed in the Content Standards. The fact that hap-
pened in elementary and junior high school “Satu 
Atap” has minimum facilities, so inquiry skills 
are rarely trained. The problems which experien-
ced by the teachers when teaching science with 
inquiry are the lack of  media and the application 
to the learning process. According to Christina 
et al., 2006 states that a science teacher who first 
used the inquiry often fail in the learning process 
because teachers have not been able to under-
stand the use of  inquiry in the science learning.

Inquiry learning model is a model of  lear-
ning which the student formulates the problem, 
designing experiments, collecting, analyzing data 
and make decisions all by themselves and must 
meet four criteria: clarity, appropriateness, accu-
racy, and complexity (Nugroho, 2012). Inquiry 
learning model is a type of  learning that requires 
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the students to process the message so they obtain 
the knowledge, skills, and values. In addition, 
the inquiry learning model is a series of  activi-
ties that highlight the process of  critical thinking 
and analysis to seek and find their own answer to 
the problem in question through 1) orientation, 
2) formulate problems, 3) formulate hypotheses, 
4) collect data, 5) test the hypothesis, 6) formula-
te conclusions (Rahayu, 2013). Inquiry learning 
model can develop a scientific thinking skill by 
placing students as learners to solve problems and 
acquire the knowledge of  critical thinking so they 
can understand the concepts of  science (Kurnia-
wati, 2014).

Therefore, a research about the application 
of  inquiry learning model with multiple scien-
ce media to improve students’ learning score 
through the worksheet needs to be done. Inquiry 
skills that are given to students including: formu-
lating the problem, formulating hypotheses, de-
signing and conducting experiments, and formu-
late conclusions or generalizations.

METHOD

The type of  research used is experimental 
with pre-experimental design. The implementati-
on scenarios are implemented through the design 
of  one group pretest and Posttest Design (Daw-
son, 1997).

RESULTS AND DISCUSSIONS

The application result of  the learning with 
inquiry learning model at the elementary-school 
SMPN 4 “SATAP” Singosari Malang regency 
consists of  inquiry learning, the learning out-
comes which consists of  aspects of  knowledge, 
skills and attitudes to learning.

Inquiry Learning 
Inquiry learning in the electrical materials 

in class VI shows that the activities carried out as 
many as four meetings run according to RPP that 
have been made. At the activities core seen that 
the skills of  inquiry, namely: 1. Identify the ques-
tion / formulate the problem got an average score 
3:38 (pretty good), step 2. Formulate a hypothesis 
to get an average score 3:25 (pretty good), step 3. 
Designing and making observations / experiment 
with an average score of  3:50 (well), step 4. Col-
lecting and analyzing the data with an average 
score of  3:38 (pretty good), and step 5. Drawing 
conclusions / generalizations with an average 
score of  3:38 (pretty good). Learning outcomes in 
the form of  a diagram is shown in Figure 1 below.

Figure1. The Results of  Inquiry Learning In 
Electrical Material

Based on the above chart, inquiry learning 
outcomes categorized quite good to excellent 
from step 1 to step 5. Corebima (2010) state that 
inquiry-based learning is a teaching strategy that 
has the potential to empower the ability to think. 
Some research also suggests that the inquiry-
based research supported by media will enhance 
the skills and student learning outcomes, while 
the guided inquiry learning outcomes in the addi-
tive material shows that the activities carried out 
as many as four meetings run according to RPP 
that have been made. Consider the following two 
pictures.

Figure 2. The Results of  Inquiry Learning about 
additives Materials 

Based on the above chart, inquiry learning 
outcomes have good enough category from step 1 
to step 5. The results of  guided inquiry learning 
on material additives in class VIII indicates that 
the activities carried out as many as four mee-
tings run according to RPP has been made, at its 
core activities appears that the skills of  inquiry 
that is step 1. Identify the question / formulate 
the problems obtaining an average score of  3:13 
with the category quite well, step 2. Formulate a 
hypothesis obtained an average score of  3:13 by 
category quite well, step 3. Design and conduct 
observation / experiment with an average score 
of  3:38 categorized quite good, step 4. Collecting 
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and analyzing the data with an average score of  
3:25 categorized quite good, and step 5. Drawing 
conclusions / generalizations with an average 
score of  3:50 categorized good.

Inquiry learning model in the matter of  
electricity and additives runs very effectively con-
ducted on students from elementary and junior 
high school “SATAP”, this is according to rese-
arch from the Muslim (2011) which states that 
the results of  inquiry learning in the material ex-
pansion goes very well with an average percen-
tage of  95% , as well as according to Setiawan 
(2013) states that the learning process by using 
inquiry model can improve students’ activities by 
77.34% compared with 69.98% for conventional 
learning. It indicates that the inquiry learning 
model is suitable in science learning through the 
identification question / formulate the problem, 
formulate hypotheses, design and conduct ob-
servation / experiment, collecting and analyzing 
data, and draw conclusions / generalizations. 
Inquiry learning model can also help to improve 
the ability of  students’ science thinking process 
(Simsek, 2010).

Learning Outcomes
The learning result in electrical materials 

and additives include knowledge, skills and mo-
torics through technical pretest and posttest. The 
study results can be seen in Figure 3.

Figure 3a. Learning Outcomes of  Electrical Ma-
terials Knowledge of, Figure 3b. Learning Out-
comes of  Material Additive Knowledge

Based on the picture above, the learning 
outcomes aspects of  electrical materials know-
ledge has increased on the average value from 
42.6 into 67.7 with an average value of  N-Gain 
score of  0.44 in the medium category, while the 
knowledge aspect of  additive materials has inc-
reased the average value on the posttest from 42.6 
to 82.2 with an average value of  N-Gain score 
of  0.69 which is categorized as medium. This is 
supported by the research results by Maretasa-
ri (2012) which states that the inquiry learning 

model can improve learning outcomes by 0,53 
of  the N-Gain and categorized well so can be 
concluded that the inquiry learning model has a 
significant impact on student learning outcomes. 
Other studies have shown that by using inquiry 
learning model, it has positive influence on the 
understanding of  the concept as evidenced by the 
results of  the students score an average of  9:50 
to 18:55 (SimsekKabapinar P & F, 2010). Similar 
statement by Kurniawan, 2013 that the inquiry 
method can improve students’ understanding of  
concepts and creativity of  the students with the 
data in the form of  classical values ​​student achie-
vement in the first cycle of  78.04% to 97.56% in 
the second cycle. Inquiry based learning approa-
ch that has a positive impact on student learning, 
because students are invited to work like scien-
tists, given the experiences, making it easier for 
students understanding the material and the im-
pact on the students’ score is seen on the graph 
post-test.

Inquiry based learning is effective to inc-
rease the learning outcomes, the student enthu-
siasm in participating the practical activities, and 
the attitudes of  students in learning. Based on the 
score of  N-Gain acquired with category shows 
that the learning outcomes aspects of  knowled-
ge does not give much effect to the improvement 
from pretest to posttest, it is because the students 
from elementary and junior high school “SATU 
ATAP” 4 Singosari Malang are not familiar with 
the activities such as identified question / formu-
late the problem, formulate hypotheses, designing 
and observation / experiment, collecting and 
analyzing data, as well as draw conclusions / ge-
neralizations. Therefore we need the implemen-
tation of  inquiry learning model on an ongoing 
basis, while the learning outcomes on electrical 
materials and additives substance using inquiry 
learning model can be seen in Figure 4.

Figure 4a and 4b show the ability of  stu-
dents to the skill aspect. In electrical material, 
the highest value on the predicate B +, while the 
highest value on additive material on predicate 
A-. This shows that there is a skill that have not 
mastered by students which is stringing a simp-
le electrical tools, while at the material additives 
students can do better at the activities designed 
in LKS, so the results indicated that the students’ 
skills in material additives is higher than the ma-
terial electricity. The above results is in conse-
quence to research from Jayadianta (2010) which 
states that the inquiry learning model can develop 
the ability of  students’ skills such as drafting tool 
skills by 65.62%, the skill to make charts trial in 
accordance with the guidelines of  students’ work-
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2. Formulate hypothesis with an average score of  
3.20 categorized quite good, step 3. Designing 
and observation / experiment with an average 
score of  3.60 categorized good, step 4. Collecting 
and analyzing the data with an average score of  
3.70 categorized good and step 5. Drawing con-
clusions / generalizations.

For additives substance material using step 
1. Identify the question / formulate the problem, 
step by an average score of  3.00 is quite good ca-
tegory 2. Formulate a hypothesis with an average 
score of  3.10 categorized as quite good, step 3. 
Designing and making observations / trial, a step 
with an average score of  3.30, consider as good 
enough category 4. Collecting and analyzing the 
data with an average score of  3.70 categorized as 
good., and step 5. Drawing conclusions / gene-
ralizations.

The students’ learning outcomes using 
inquiry learning model covers aspects of  know-
ledge, skills and attitudes, obtained as follows: 
the aspect of  knowledge through the activities of  
pre-test and post-test on the material of  electri-
city has increased the average percentage of  the 
score from 42.6 to 67.7 with an average score of  
N-Gain Score 0.44 categorized as medium, whi-
le the knowledge aspect of  learning outcomes on 
additive materials have increased the average per-
centage score from 42.6 to 82.2 with an average 
value of  N-Gain score of  0.69 is categorized me-
dium. The skills aspects in electrical material got 
the highest score on the predicate B +, while the 
highest score on additive material on the predica-
te A-. The aspects of  attitudes shows that more 
than 50% students show a better attitudes, 67% 
in electricity and 80% of  the substance additives 
material.
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ABSTRACT

This study aims to reveal the effectiveness of  science teaching based on project-based learning to improve ICT 
literacy learners in the junior high school with the category of  high, medium and low. This research uses descrip-
tive method to describe the students’ equipness of  ICT literacy in the science learning based on the project-based 
learning that is integrated with e-learning. All of  the population in this study are junior high school of  curriculum 
pilot project in 2013 in Singkawang. The sampling in this study uses stratified random sampling to determine 
three of  the four schools that represent the school with a category of  high, medium and low based on the National 
Examination score on 2015, namely, SMPN 1 Singkawang, SMPN 3 Singkawang, and SMPN 7 Singkawang and 
from each school are randomly selected one class. The data collection is done by the observation and question-
naires of  the students’ equipness in ICT literacy with effective criteria only if  it is in a good or excellent criteria. 
Based on the analysis, project-based learning science-based learning is effective in equipping ICT literacy learners 
at junior high school  at the categories of  high, medium and low.

© 2016 Science Education Study Program FMIPA UNNES Semarang
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INTRODUCTION

The need for information technology be-
coming increasingly more important today where 
Indonesia is entering the free market of  ASEAN 
or the ASEAN Economic Community (AEC). 
All of  Indonesian people are expected to have the 
ability in the field of  technology. The learners are 
expected to have skills in the field of  information 
technology (ICT). Teachers who play a direct role 
in the education are required to be more creative 
in giving lessons to students.

The mastery of  information technology 
on the learner or known as ICT literacy is impor-
tant to the learners. The learners are required to 
be creative, innovative and responsive in facing 
the changes in the XXI century as confirmed by 
Magaña & Frenkel, 2009, “A child entering the 

new century will Likely face more risks and un-
certainties and will need to gain more knowledge 
and master more skills than any generation befo-
re “this statement shows that in order to face the 
XXI century learners are required to learn more. 
Learners face the risks and uncertainties in the 
XXI century in line with the development envi-
ronment so rapidly, such as technology, science, 
economics and socio-culture, so that students are 
required to learn more and be proactive in order 
to have the knowledge and skills / expertise were 
adequate, especially in the field of  information 
technology (ICT). Ivankovića et al. (2013) states 
that “ICT literacy becomes an important precon-
dition for the socialization and professional ca-
reer. Therefore, education as an important factor 
of  social development plays a key role in the ICT 
literacy. This means ICT literacy is very impor-
tant to have for the learners.*Alamat korespondensi: 

 Email: twinenna@gmail.com
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The importance of  mastering ICT is be-
cause ICT becomes one of  an important require-
ments by learners in the competence of  the XXI 
century, it is the foundational knowledge compe-
tency. The competence at XXI century is divided 
into three, namely foundational knowledge (to 
know), meta knowledge (to act), and humanistic 
knowledge (to value) and ICT literacy is one as-
pect of  the foundational knowledge in addition 
to core content knowledge and cross disciplinary 
knowledge (Kareluik, 2013).

ICT literacy is referred as one of  the skills 
required for become successful in the XXI centu-
ry (Wilson, et al., 2015). ICT literacy is defined 
as the ability to effectively evaluate, navigation, 
and build the information by using various digital 
technologies. ETS (2007) mentions “ICT litera-
cy is using digital technology, communications 
tools, and / or networks to access, manage, in-
tegrate, evaluate, and create information in order 
to function in a knowledge society” which me-
ans ICT literacy is able to use digital technology, 
communications equipment, and / or networks to 
access, manage, integrate, evaluate, and create in-
formation that is useful for the knowledge society. 
CETF (2008) defines ICT literacy is the ability to 
use digital technology and communication tools, 
and / or networks to access, manage, integrate, 
evaluate, create and communicate information to 
be function in the knowledge society.

Badke (2009) stated that ICT literacy is 
also known as “iSkill”. Learners who have the 
skill of  ICT literacy need a learning with ICT. 
Ezekoka & Gertrude (2015) states “ICT is not 
designed to replace face-to-face interaction; it is 
designed to supplement it by allowing people to 
communicate anytime and anywhere “, which 
means that ICT is not designed to replace the 
face to face interaction between teachers and 

learners, but ICT is designed to support the lear-
ning and complements and enables teachers and 
learners to communicate wherever and whene-
ver. According Krajcik (1994) use technology in 
project-based science to make the environment 
more authentic for students, because computers 
provide access to data and information, expand 
interaction and collaboration with others through 
the network, promote research laboratories, and 
merge tool used to produce the artifact.

The students’ knowledge about technology 
is important, in order to meet the ICT literacy, the 
learners can do it by via e-learning. E-learning is 
expected to allow learners to understand the ne-
west knowledge and technology (ICT literacy) 
and facilitate learners to learn without being li-
mited by the space and time. Based on the survey 
results on the use of  information technology by 
the junior high school teacher in science class in 
Indonesia, showed that the use of  ICT in teach-
ing process is low (Sumintono, 2012). Therefo-
re, we need a learning model that can facilitate 
the learners to have the ICT literacy. One of  the 
learning model suggested in the curriculum 2013 
is scientific approach, which is one of  the XXI 
century learning model is project-based learning 
and to facilitate the learning of  ICT literacy that 
can be integrated with e-learning. Blumenfeld et 
al. (1991) state that the project-based learning is 
a comprehensive approach to teaching and lear-
ning that is designed for students doing a research 
on real problems. Bagheri & Abdullah (2013) sta-
tes that “PBL could foreseeably ensure more ef-
fective result by allowing the student to actively 
perticipate in the learning process and allowing 
the student to produce something in collaborating 
with other” Project-based learning can provide a 
more effective and allow learners to participate 
actively in the learning process and makes it pos-

Figure 1. Competency Mapping XXI Century (Kareluik, 2013)
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sible to produce something with the cooperation 
of  others.

Project-based learning gives students the 
opportunity to broaden their knowledge and de-
velop skills through problem solving and investi-
gation. Real problems or questions arising form 
the core of  every project-based learning experien-
ce with e-learning, and learners must conduct in-
vestigations and obtain the necessary information 
to arrive at a conclusion. Project-based learning 
also encourages students to share feedback and 
insights with colleagues in collaborative groups, 
and then use e-Learning modern technology to 
share their findings. ICT can improve learning 
outcomes in order to support a different sense; 
support new collaboration with online producti-
on, computer and networking tools; supports the 
differentiation and diversity; and empowers stu-
dents to personalize their learning process. There-
fore, project-based learning using ICT should be 
introduced in the classroom to support learners to 
create their own knowledge (Soparat & Klaysom, 
2015).

Soparat & Klaysom (2015) stated that ICT 
as a learning content project-based learning does 
not only support the development of  main com-
petencies of  the learners. Nowadays, network, 
computer and internet access are used more than 
just search for data, email, or chat, but should 
be used to support the students education and 
should be focused on the content of  the knowled-
ge and competence.

Based on the several studies above can be 
stated that the project-based learning that is integ-
rated with e-learning can give students the oppor-
tunity to broaden their knowledge and develop 
skills based on problem-solving and investigation, 
using e-learning learners can search for and share 
information more widely and depth, supports the 
differentiation and diversity, empower learners 
to personalize the learning process, and provides 
an opportunity to learners to master information 
technology (ICT) deeper so that the needs of  lear-
ners in order to mastery ICT can be fullfiled.

METHOD

This research uses descriptive explorative 
method. Exploratory descriptive study aimed to 
describe the state of  a phenomenon, in this study 
was not intended to test a specific hypothesis but 
describe variable as it is, symptoms or circums-
tances (Arikunto, 2002). The phenomenon desc-
ribed in this study is the equipness of  learners’ 
ICT literacy in science teaching based on project-
based learning that is integrated with e-learning.

The population in the study were all junior 
high school pilot project curriculum in 2013 in 
Singkawang. The sampling on this research using 
stratified random sampling to determine three of  
the five schools that represent the school with a 
category of  high, medium and low based on the 
National Examination score on 2015. The three 
schools as the sampled are SMPN 1 Singkawang, 
Singkawang SMPN 3, and SMPN 7 Singkawang, 
Of  the three schools have one of  each class by 
cluster random to determine which classes will be 
given science learning based on e-learning integ-
rated project-based learning.

Data collected by observation and ques-
tionnaires of  equipness of  ICT literacy. Instru-
ments used in this study are the development 
project-based learning made by Muskania (2015) 
which has been tested for its validity and reliabili-
ty. For the observation technique, the instrument 
used is in the form of  observation sheet. Questi-
onnaires used to measure junior high school stu-
dents of  their equipness of  ICT literacy.

The equipness of  ICT literacy data are 
obtained through observation. The result scores 
were categorized based on the assessment by 
the 5 caparator categories (Anwar, 2002) Project 
based science learning is effective for improving 
junior high shool students’ skill of  ICT literacy 
only if  the equipness of  ICT literacy observation 
results which is converted with a likert scale that 
are in the category of  good or excellent.

RESULTS AND DISCUSSION

The equipness of  ICT literacy in the 
schools in the category of  high, medium and low 
measured using observation sheets and question-
naires ICT literacy. The results of  the equipness 
of  ICT literay observations in this research is 
learners’ progress data toward ICT literacy by the 
tasks given to the learners. The equipness of  ICT 
literacy data at the high school category of  the 
observations are presented in Table 1.

According to table 1 the overall average of  
the ICT literacy equipness aspects is 98.96 when 
converted to likert scale is at very good criteria. 
The ICT literacy equipness from the question-
naire results in the high category school learners 
are shown in table 2. The learners response to 
the ICT literacy questionnaire of  high category 
school that is at very good criteria. Therefore, it 
can be said that Project based science learning is 
effective to equip ICT literacy learners of  high 
junior category. Table 3 shows the equip observa-
tion percentage of  ICT literacy and the ICT lite-
racy equipness average of  learners from médium 
school category is at very good criteria.
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Based the average on table 4, if  it is con-
verted to likert scale, the response of  the ICT li-
teracy average at low category school is in very 
good criteria. Based on table 5 the overall average 
of  ICT literacy equipness aspects of  98.21% is at 
very good criteria. The ICT literacy equipness of  
the questionnaire results in a low category school 
learners are shown in table 6. The questionnaires 
average results of  ICT literacy equipness is 84.24 
if  converted with the likert scale responses is in-
cluded in very good criteria.

Table 1. The Percentage of  the ICT Literacy 
Equipness, the Learners’ Average in Each Stu-
dent Aspect in the High Category School

ICT LiteracyAspect
Observation 

Percentage (%)

Access 93,75

Managing 100,00

Integrating 100,00

Evaluating 100,00

Making 100,00

Communicating 100,00

Average 98,96

Table 2. Questionnaire Assessment about the 
ICT Litercy Equipness in the High Category 
School Students

Criteria ICT LiteracyScore

Min 74,29

Max 99,05

Average 88,33

Deviation Standard 5,17

Table 3. The Percentage of  the ICT Literacy 
Equipness, the Learners’ Average in Each Stu-
dent Aspect in the Medium Category School

ICT LiteracyAspect
Observation 

Percentage (%)

Access 89,24

Managing 100,00

Integrating 100,00

Evaluating 100,00

Making 100,00

Communicating 100,00

Average 98,21

The analysis results of  the ICT literacy 
equipness are consequence to investigators al-
leged. The results of  this study are consistent with 
Muskania research (2015), the statement is a pro-

ject based science learning device can equip ICT 
literacy learners. Project based learning provides 
an opportunity for learners to broaden the kno-
wledge base and develop skills through problem 
solving and investigation. Real problems or the 
questions that arise are the core of  Project based 
learning. By using project based learning, we can 
encourage the learners to share and get feedback 
and insights and with e-learning integration, the 
learners can obtain more information and can 
share their findings widely.

Tabel 4. Questionnaire Assessment about the 
ICT Litercy Equipness in the Low Category 
School Students 

Criteria ICT LiteracyScore

 Min 60,00

Max 94,29

Rata-rata 84,24

Deviation Standard 7,03

Tabel 5. The Percentage of  the ICT Literacy 
Equipness, the Learners’ Average in Each Stu-
dent Aspect in the Low Category School 

ICT Literacy Aspect
Observation Percent-

age (%)

Access 89,24

Managing 100,00

Integrating 100,00

Evaluating 100,00

Making 100,00

Communicating 100,00

Average 98,21

Tabel 6. Questionnaire Assessment about the 
ICT Litercy Equipness in the Low Category 
School Students 

Criteria ICT LiteracyScore

 Min 60,00

Max 94,29

Average 84,24

Deviation Standard 7,03

Online learning can provide opportunities 
for the learners to read the material deeper, exer-
cises and assignments, as well as interact directly 
with teachers via chat gives further motivation 
and generate more effectively than traditional 
classroom. Kubiatko & Vaculova (2011) explains 
that in this era, project based learning will be 
connected with ICT. ICT will provide a deeper 
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Press, 4(1), 483-497.

Kubiatko, M., & Vaculova, I. (2011). Desaigning a 
Project Management e-course by Using Proj-
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ogy Part B: Social and Educational Studies, 5(1), 
65-74.

Magaña, S., & Frenkel, P. (2009). Transforming Teach-
ing and Learning for the 21st Century. Pro-
methean, 1(1), 32-41.

Muskania, R. (2015). Pengembangan Perangkat Pembe-
lajaran IPA berbasis Project Based Learning untuk 
Membekali Foundational Knowledge dan Mening-
katkan Scientific Literacy Peserta didik SMP. Yog-
yakarta: Universitas Negeri Yogyakarta.

Soparat, A. Arnold & Klaysom. (2015). The Develop-
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Project-based Learning Using ICT. Internation-
al Journal of  Research in Education and Science, 
3(1), 12-22.
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learning and can develop the learners skills. The 
stages in e-learning integrated with project-based 
learning direct the learners to achieve these indi-
cators in ICT literacy.

CONCLUSION

Based on the results and discussion of  this 
study concluded that Project based science lear-
ning is effective to equip the learners ICT literacy 
of  junior school categories of  high, medium, and 
low with the observations and questionnaires are 
in very good criteria. Project based science lear-
ning integrated with e-learning can be applied as 
early as possible to equip ICT literacy because it 
is one of  the XXI century competencies that must 
be owned by the current learner and as a provisi-
on for future the which is full of  global competi-
tion.
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ABSTRACT

The misconception is one of  the obstacles in the concept mastery that needed to be minimalized. This descriptive 
study was conducted to find the patterns of  misconceptions which have occurred on college students who partici-
pating in the redox titration course subject. Efforts to minimize misconceptions have been conducted through lec-
tures using the multiple representations with the cognitive dissonance strategies on the 30 students who joined the 
Fundamentals of  Analytical Chemistry course. The research instrument used in this study was 6 multiple-choice 
tests with reasons. In order to detect the misconception, Certainty of  Response Index technique was performed. 
The preliminary study results showed that 34.30% of  students experiencing the misconceptions on redox titra-
tion. After treatments, the misconceptions reduced to 28.17%. A misconception that cannot be eliminated was 
related to the concepts involving in the microscopic and symbolic appearances.
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INTRODUCTION

Redox Titration is one of the conventional 
methods of quantitative chemical analysis. The 
study material on redox titration is closely related 
to the concept of the redox titration that has been 
studied by students in high school level. In the high-
er education level, the concept of redox and titra-
tion are studied in the course of Basic Chemistry. 
The redox titration is deeply studied by students in 
the course of Fundamentals of Analytical Chemis-
try. The study material on redox titration discusses 
about the concepts, types, and application of redox 
titration. Although the students have learned the 
concept of redox, there  are many students who do 
not properly understand the study materials related 
to the redox titration. Some students are even expe-
riencing the misconceptions.

Misconceptions that occur in students is 
one significant factor that plays a role in inhibi-
ting the understanding of  the concept. The mis-
conception is the inconsistency of  the understan-
ding between the views of  students and scientists 
(Louga et al., 2013). In line with Berg (1991), the 
misconceptions occur when students are not in 
accordance with the experts’ conception. Likewi-
se that proposed by Driver et al. in Pinarbasi et 
al. (2009), it said that the misconception was an 
inconsistency or incompatibility of  the students’ 
conceptions with the scientific conception. Most 
of  the students have had its own ideas about che-
mical concepts that have been acquired in high 
school before they enter higher education in col-
lege. This circumstance sets the students opinion 
to often relate less precise relationship between 
their newly acquired knowledge with their prior 
knowledge. Therefore, it raises the new under-
standing that is not in accordance with the expec-

*Alamat korespondensi: 
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tations of  experts. The students’ everyday experi-
ence, their creativity, their perception, and some 
textbooks can lead to the misconceptions. Accor-
ding to Louga et al. (2013) the students who have 
a good understanding of  concepts could build 
a meaningful understanding in the colligative 
properties. Eymur et al. (2013) reported that the 
teacher-candidate students had the same miscon-
ceptions with students. The misconceptions itself  
was difficult to be removed through learning. A 
teacher needs to implement appropriate learning 
strategies to identify and to reduce the miscon-
ceptions. The misconceptions that allowed pas-
sing through would be fatal and would be very 
harmful because it can affect learning outcomes.

Several researches on the chemistry mis-
conceptions in chemistry have been identified by 
experts. Pinarbasi (2007) reported that students 
had a number of  common misconceptions on the 
topic of  acids and bases. Almost all the students 
managed to equalize the equation, but they could 
not draw the molecular diagrams to explain the 
equations in submicroscopic correctly. Moreover, 
the students’ experience in the previous study in-
fluenced the material conception of  the reaction 
equilibrium. Al-Balushi et al. (2012) reported that 
12 grade students had difficulty in answering the 
questions related to visual representation. Redox 
material misconception had been experienced by 
students, for example: they had a difficulty on dis-
tinguishing the definition of  the oxygen and elec-
trons transfer, they often experience an error in 
the determination of  the oxidation number of  the 
element or compound, they did not knowing the 
key concept of  oxidation and its relation to the 
concept of  charge; and also they had a difficulty 
on how to apply the equalization to equalize the 
redox reactions. Misconceptions are common-
ly found in chemistry materials of  study prior 
to   inadequate teaching media. Misconceptions 
on redox titration will affect the students in the 
understanding and application of  redox titration. 
Their misconceptions on redox titration may also 
disrupt the formation of  a scientific conception 
of  students in other study materials. Therefore, 
misconceptions on redox titration material in the 

course of  Fundamentals of  Analytical Chemistry 
must be addressed immediately.

In order to identify the occurrence of  mis-
conceptions, a certainty of  response index (CRI) 
scale technique was conducted, which has been 
modified from Hasan et al. (1999). CRI is a de-
gree of  certainty of  the students to answer the 
questions. In this research, there were two instru-
ments used, i.e. multiple-choice test and the le-
vel of  confidence (CRI).  The use CRI technique 
was able to distinguish the differences among a 
well-known concepts, unknown concepts and 
misconceptions. CRI scale used in the study was 
modified from Hasan et al. (1999). The four scale 
(1-4) with details 1 = guessing, 2 = less confident, 
3 = confident, and 4 = very confident. Low CRI 
value (1-2) showed the lack of  confidence of  stu-
dents to answer questions. High CRI value (3-4) 
showed high confidence of  students to answer 
questions. Uncertainty of  students to answer the 
questions was caused by the lack of  confidence 
in students. Kurbanoglu & Akin (2010) stated 
that students who master the concept properly 
will have a high confidence. The students who 
answered the question with a lower CRI value (1-
2) shows that these students do not understand 
the concept. High CRI value (3-4) showed that 
students have the confidence in answering ques-
tions. It indicates that the student can master the 
concept of  theory. Criteria for low and high CRI 
answers are shown in table 1.

There was a modification on CRI value 
criteria set by Hasan et al. (1999), since it could 
emerge the alternative answers by students; even 
it is only few answers. The reason is because of  
Indonesian students tends to be less confident in 
giving the reasons on the given answers. By this 
reason, a possible answer by those kinds of  stu-
dents is a correct answer with a correct reason but 
with a low level of  confidence. It means that the 
students understood the concepts well, but lack 
of  confidence (Hakim et al., 2012).

The preliminary study on the titration by 
38 students who joined the Fundamentals of  
Analytical Chemistry course had found the dif-
ficulty in understanding subject materials, especi-

Table 1.Criteria of  misconceptions identification based on the CRI results (Hasan, 1999)

Answers criteria Low CRI (1-2) High CRI (3-4)

Correct answer Correct answer with wrong reasons and 
low CRI is showing that they do not 
understand the concept (lucky guessing) 

Correct answer with correct reasons 
and high CRI is showing a concept 
mastery

Wrong answer Wrong answer with wrong reasons and 
low CRI is showing the low under-
standing on concept

Wrong answer with wrong reasons 
and high CRI is showing that there is 
a misconception. 
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ally on the quantitative analysis of  the material. 
Generally, based on the research on the students’ 
answers, they were weak in mathematics literacy, 
and also weak in the ability to provide a relevant 
analysis of  how to determine the choice of  indi-
cators in a titration (Widarti et al., 2014). It was 
highly associated with a lower ability of  students 
in explaining the phenomenon through micros-
copic and symbolic approaches. Therefore, the 
descriptive study was conducted to determine the 
student misconceptions in redox titration study 
materials.

METHOD

The method used in this study was a desc-
riptive method with a form of  case study research. 
Thirty subjects of  Chemistry Education students 
in the third semester year 2014-2015 in State Uni-
versity of  Malang were studied. They joined the 
Fundamentals of  Analytical Chemistry course 
subject.  The research instrument employed was a 
multiple-choice test with open answers in the end 
of  each question to measure their redox titration 
concepts mastery. Six problems were given in the 
test. The reason given by students was a reflection 
of  their thinking ability and their understanding 
on the concepts learned.

RESULTS AND DISCUSSION

The results of  preliminary study on the 
redox titration subject material found that there 
were 34.30% misconceptions.  Some methods 
to overcome such misconceptions were to adjust 
the syllabus to the students thinking way, cogni-
tive conflict, analogy, partner interaction, meta- 
cognition, and demonstrations. According to 
the Berg (1991) who stated that misconceptions 
could be addressed using an innovative model of  
lectures; for example, by using a variety of  rep-
resentations. Hand & Chio (2010) reported that 
multiple representations could give the positive 
impact on students’ ability to construct the ar-
guments in lab classes. Similarly, McDermott & 
Hand (2013) stated that the use of  multiple repre-
sentations to support the task of  writing-to-learn 
could act as a pedagogical tool in enhancing the 
chemistry learning in schools. Domin & Bod-
ner (2012) also reported that the use of  multip-
le representations helped students in solving the 
problems in chemical concepts. Research on cog-
nitive dissonance in chemistry through multiple 
representations have been made by Linenberger 
et al. (2012), who reported that the combination 
of  representations to encourage students to try to 

make the relationship between representation. In 
this study, the model of  multiple representations 
associated with cognitive dissonance strategy has 
been implemented in the redox titration lecture 
materials. It was hoped that using this method, 
there was a change in the concept understanding.

Each student has a different understanding 
capacity and perception on the studied concept. 
These differences lead the students to have diffe-
rent levels of  ability and misconceptions about 
the concept. In order to determine the student 
misconceptions in the redox titration material of  
study, a multiple-choice test was conducted with 
open answers and CRI. The distribution of  the 
problem on the redox titration are shown in Table 
2.

The percentage of  students answer questi-
ons on redox titration of  each item are shown in 
Table 3.

Problem number 1 was related to calculate 
the concentration of  the redox titration which re-
sulted in 66% of  students had the misconceptions. 
Most of  students used a dilution formula, which 
should not be needed in the titration. Besides, the 
students also did not write down the equation for 
the case, wrong in calculating the amount of  the 
number of  moles of  KMnO4. This was possible 
to happen since the students were not familiar 
with the concept of  redox reactions. Examples of  
student answer can be seen in Figure 1.

Figure 1.The example of  student answer on 
problem no 1

	 Problem number 2, 3 and 4 were related 
to interpreting the species and calculating the 
potential value (E) on the redox titration. Some 
students still had the misconceptions as much 
as 23%, 20%, and 14%, respectively. In question 
number 2, students answered that at the point 
K (10 ml Ce4+), the dominant species were Fe2+ 
dan Ce4+ as Fe2+was previously appeared. The 
students believed that there was no Fe3+formed 
in the solution. This problem was happened also 
in the problem number 3 where the students ans-
wered that at M point (addition of  80 ml Ce4+) 
there were only Fe2+ and Fe3+. M point was the 
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Table 2. The distribution of  redox titration problems 

No Problems

Calculating the Concentration on Redox Titration 

1 Rina standardize the 10 mL KMnO
4
solution with the 0,0500 M Na

2
C

2
O

4
solution under acid-

ic conditions in triplo. The volumes of  Na
2
C

2
O

4
solution needed are 12,50 mL; 12,56 mL; and 

12,47 mL. What is the concentration of  standard solution KMnO
4
?

a.	 0.3128 M                       c. 0.0626 M
b.	 0.1250 M                       d. 0.0250 M
Reason/Explanation:                                                                                             CRI:

Interpreting the existing species and potential value (E) on the redox titration

Problems no 2-4 
Redox titration graph 50 mL 0.100 M Fe2+ (Eo Fe3+/Fe2+ = 0.767 V)with a solution of  0.100 M 
Ce4+ (Eo Ce4+/Ce3+ = 1.70 V)  is as follows:

2 Based on the curve, what are the dominant species in the potential determination of  solution 
in K point (10 mL addition of  Ce4+) and how much is the E value?
a.	 Fe2+, Ce4+and E = 0.73 V
b.	Fe2+, Fe3+ and E = 0.73 V
c.	 Fe3+, Ce3+and E = 0.78 V
d.	Fe2+, Fe3+and E = 0.78 V
Reason/Explanation:                                                                                               CRI:

3 Based on the curve, what are the dominant species in the potential determination of  solution 
in M point (80 mL addition of  Ce4+), and how much is the E value?
a.	Ce3+, Ce4+ and E = 1.67 V
b.	Fe2+, Fe3+and E = 1.67 V
c.	Ce3+, Ce4+and E = 1.69 V
d.	Fe2+, Fe3+and E = 1.69 V
Reason/Explanation:                                                                                            CRI:

4 Based on the curve, what are the dominant species in the potential determination of  solution 
in  L point (50 mL addition of  Ce4+) and how much is the E value?
a.	 Fe2+, Fe3+, Ce3+, Ce4+and  E = 1.23 V
b.	Fe2+, Fe3+, Ce3+and E = 1.23 V
c.	 Fe2+, Fe3+, Ce3+, Ce4+and E = 1.32 V
d.	Fe2+, Fe3+, Ce3+and E = 1.32 V
Reason/Explanation:                                                                                            CRI:
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Table 2. Continue

Identify the characteristics of  the substances involved in redox titration

5 Which statement is true in a redox titration....
a.	 Titration of  permanganomeri requires the addition of  an indicator to determine the titration end-
point 
b.	 Ce4+ions are directly undergo on hydrolysis in a low-pH solutions 
c.	 I

2
is absorbed on the surface of  α-amylose to produce blue color

d.	 Iodide ion acts as a reductant in the iodometric titration
Reason/Explanation:                                                                                           CRI:

Choosing the right type of  redox titration to analyze samples

6 Given some reduction potentials as follows:
Ce4+  +  e       ⇆     Ce3+                                 Eo = 1.61 V
MnO

4
-  + 8H+  +  5e   ⇆   Mn2+  + 4H

2
O     Eo = 1.51 V

Cr
2
O

7
2- + 14H+ +  6e  ⇆   2Cr3+  + 7H

2
O     Eo = 1.33 V 

Fe3+  +  e    ⇆     Fe2+                                      Eo = 0.771 V
I

2
(aq)  +  2e    ⇆    2I-                                     Eo = 0.6197 V 

What is the most suitable titration by using Fe?
a.	 Permanganometry and iodometry
b.	 Cerimetry dan iodometry
c.	 Chromatometry dan permanganometry
d.	 Permanganometry dan cerimetry
Reason/Explanation:                                                                                         CRI:

Table 3. Distribution of  student misconceptions on redox titration (n = 30)

Problems 
no

Misconceptions
Percentage of  

students

1 Did not write down the equation and applied a dilution formula 66

2 Mentioned in the K point (addition of  10 mL Ce4+), the dominant species were 
Fe2+ and Ce4+since Fe2+ was previously mentioned

23

3 Mentioned in the M point (80 mL Ce4+) there were only Fe2+ dan Fe3+species 20

4 Mentioned in the L point (50 mL Ce4+) there were only Fe2+, Fe3+, and Ce2+ spe-
cies, Ce4+had completely reacted.

14

5 Permanganometryrequired indicators 26

6 Did not count the number of  E cells for the ongoing redox reactions 20

Average 28.17

Figure 2. The example of student answers on the problems no 2 (a), no 3 (b), and no 4 (c)

(a)

(b)

(c)
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curve region over the equivalent point, the do-
minant species that involved in determining the 
potential value were Ce2+ dan Ce4+. The similar 
thing happened in the problem number 4 where 
students confidently answered that at the L point, 
(50 ml Ce4+) there were only Fe2+, Fe3+, and Ce2+, 
and Ce4+had completely reacted. In fact, at the 
equivalent point, the amount of  Fe2+ was the 
same with Ce4+. Both of  them had the identical 
potentioal; therefore, the dominant species in the 
solution were Fe2+, Fe3+, Ce2+ and Ce3+. All the 
answers impacted on the calculation of  the soluti-
on, where students did not calculate the potential 
based on the reaction that occurs in solution but 
only suspect of  the curve. Sample of  answers are 
shown in Figure 2.

Problem number 5 was associated with 
the identifying characteristics of  the substance 
involved in redox titration. There were 26% of  
students still had the misconceptions on this con-
cept. There were some students who confidently 
answered that in the permanganometry, K

2
Cr

2
O-

7
was required as an indicator. In fact, in perman-

ganometry, it is unnecessary to use an indicator 
since KMNO

4
 is already involved as an indicator 

(autoindicator).The example of  student’ answer 
related to the characteristics in redox titration is 
shown in Figure 3. 

Problem number 6 was related to choo-
se the right type of  redox titration to analyze a 
sample. There were 20% of  the students still had 
misconceptions in this concept. There was stu-
dent who confidently answered without counting 
the E cell reaction that occurred. Students assu-
med that the most redox titration were perman-
ganometry and iodometric. In fact, in redox tit-
ration, the occurrence of  a reaction is conducted 
when the value of  its cell potential is positive. The 
example of  student’ answers on question no 6 is 
shown in Figure 4.   

From the tables and figures above, it shows 
that although a treatment was conducted on lear-
ning, it turned out that misconceptions could not 
diminished altogether. This phenomenon was in 

line with the statement of  the educational experts 
that misconception is very difficult to change 
through common learning. Based on the observa-
tions, the concept of  an abstract nature, which re-
quires a clear picture to understand, was the most 
difficult concept which has a big chance of  a mis-
conception. The results showed that the biggest 
case of  misconceptions was related to the micros-
copic appearance of  the ions in the process of  
titration, and also its symbolic equations during 
reactions. In the redox titration, the biggest mis-
conception occurred in determining the concent-
ration, and what are the dominant species that 
exist in the solution before the equivalent point, 
and also the characteristics of  redox titration.

CONCLUSION

The research results showed that miscon-
ceptions were still found on the particular redox 
titration lecture materials. The misconceptions 
were happened to concepts which involving cal-
culations on concentration, equation, and species 
that exist in the solution in the titration process, 
and also the redox titration characteristics invol-
ving potential calculation. The preliminary stu-
dies showed 34.30% of  students had the miscon-
ceptions on redox titration. Treatments that had 
been made to minimize these misconceptions 
could suppress it to the level of  28.17%. In the 
redox titration, the misconceptions that could not 
be eliminated were related to the concepts invol-
ving microscopic and symbolic appearances.

Based on the research findings, the deve-
loped learning strategy was quite appropriate 
to reduce the misconceptions but was unable to 
make “a zero misconception”. This was under-
standable because of  misconceptions could re-
tain longer in the students and it was difficult to 
change. The follow-up activities were needed to 
allow the logical thinking of  students in order to 
change their misconceptions into the facts. One 
strategy to anticipate the more complicated mis-
conceptions was the discussion with students on 

Figure 3.Example of  student’ answer on the problem number 5

Figure 4.The example of  student’ answer on question no 6
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the topic before starting the lectures to know what 
misconceptions brought by the students. Subse-
quently, the remedial test and deep interview 
could be conducted to decrease the chance of  
complicated misconceptions.
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ABSTRACT

One way to improve students’ chemistry literacy which is demanded in the modernization of  modern technology-
based chemistry learning is by studying ionic liquids. Low level of  scientific literacy of  students in Indonesia as 
revealed in the PISA in 2012 was the main reason of  the research. Ionic liquids-based technology are necessary 
to be applied as a context for learning chemistry because: (1) the attention of  the scientific an technology commu-
nity in the use of  ionic liquids as a new generation of  green solvent, electrolyte material and fluidic engineering 
in recent years becomes larger, in line with the strong demands of  the industry for the provision of  new materi-
als that are reliable, safe, and friendly for various purposes; (2) scientific explanations related to the context of  
the ionic liquid contains a lot of  facts, concepts, principles, laws, models and theories can be used to reinforce 
the learning content as a media to develop thinking skill (process/competence) as demanded by PISA; (3) The 
modern technology-based ionic liquid can also be used as a discourse to strengthen scientific attitude. The process 
of  synthesis of  ionic liquid involves fairly simple organic reagents, so it deserves to be included in the chemistry 
subject in school.

© 2016 Science Education Study Program FMIPA UNNES Semarang

Keywords: chemistry literacy, chemistry content, ionic liquids material

INTRODUCTION

One result of the Programme of International 
Student Asesment studies (PISA) in 2012 about the 
ability of science literacy, showed that only a few 
(6.9%) of Indonesian students can clearly identify 
scientific issues in various contexts (OECD, 2013). 
According to the Firman (2007), Hayat & Yusuf 
(2010) it is suspected because of the content of cur-
riculum (experiments and teaching materials), lear-
ning, and assessment still focus on the dimensions 
of the content (knowledge of science) that are most-
ly done by memorizing whilst ignoring the other 
dimension of content (knowledge about science), 
process/competence (thinking skill) and the context 
of the application of science (e.g. technology).

The integration between contexts of  the 
science application with modern technology is 

the core idea of  modern curriculum, as stated by 
Tausch & Bohrmann-Linde (2007) that the mo-
dern curriculum should be able to combine the 
established content and methods with something 
innovative. Modernization of  curriculum content 
(especially chemistry) can be done based on the 
scheme in Figure 1.

Figure 1 shows that the chemistry learning 
content (Unterrichtsmaterialien) containing the 
model, media, concepts, and experiments are ob-
tained from scientific sources (Wissenpool) in the 
form of  chain reaction, techniques, definitions, 
phenomena and implementation. The sources 
of  knowledge can be obtained from daily life in 
science, technology, environment and culture. 
Source of  chemical science is the scientific expla-
nation of  the scientific community/chemist, whi-
le Unterrichtsmaterialien are teaching materials 
that can be taught (teachable), useful (fruitful) 
and makes it easy to learn (accessible). Sources 
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of  knowledge can be collected and filtered based 
on certain didactic and method into the learning 
contents.

Figure 1. Schematic of  Modernization Cur-
riculum Content (Tausch and Bohrmann-Linde, 
2007)

The idea of  Tausch & Bohrmann-Linde 
(2007) is in accordance with the views of  F. A. 
Kekule (German chemist) which states that rese-
arch in Chemistry should relate to the process of  
metamorphosis of  chemistry material in school. 
This shows that research in Chemical Education 
should relate to the process of  metamorphosis 
in chemistry curriculum content. The basic kno-
wledge of  paradigm-based modern science; e.g. 
quantum physics, astronomy, molecular biolo-
gy, and material chemistry; can be introduced to 
senior high school students in second and third 
years. Instruments of  practicum for high school 
students should be replaced with ones which sup-
port the modern sciences, such as UV (ultraviolet) 
and VIS. It would also be much better when the 
high school students in Indonesia have been given 
the basic knowledge of  IR (Infra Red) spectros-
copy, NMR (Nuclear Magnetic Resonance) and 
MS (Mass Spectroscopy), as what happens to stu-
dents in developed countries.

One of  the chemical subjects which sup-
port the growth of  modern technology is the 
ionic liquid. This modern material is an object 
that consists of  only the ionic species (cation and 
anion) without neutral molecules. It maintains a 
relatively low melting point at the temperatures 
of  <100-150 o C, generally at room temperature 
(Hagiwara, et al., 2000). Molten salt which usu-
ally has a high melting point and viscosity is also 
very corrosive. This is in contrast to the ionic li-
quids which stay in liquid form at room tempe-
rature while having a relatively lower viscosity. 
Moreover, ionic liquids do not have corrosive 
properties (Toma, et al., 2000). Ionic liquids have 

a very wide liquidity range, non-volatile, non-
flammable, and high stabilities of  heat, chemical 
and electrochemical (in some cases it even shows 
thermal stability up to 400 ° C). In addition, we 
can overlook the vapor pressure while having the 
ability to dissolve many organic and inorganic 
compounds as well as the various miscibility na-
tures when it is mixed with water solvent organic 
solvents (Davis, et al., 2003).

Ionic liquid-based modern technology are 
predicted to be able to be used as a context for 
learning chemistry in school for the following 
reasons: First, the attention of  the scientific com-
munity and international technology in the use 
of  ionic liquids as a new generation of  green sol-
vent, electrolyte material and fluidic technique in 
recent years keeps growing, in line with the st-
rong demands of  the industry for the provision of  
new materials that are reliable, safe, and friendly 
for various purposes (Earle, et al., 2000; Ohno, 
2001 & Brennecke et al., 2001). Researches of  
ionic liquids in electrochemistry are directed as 
electrolyte materials in batteries, metal plating 
and sensor system (Bhatt, 2003 & Buzzeo, et al., 
2004). Ionic liquids are also developed as green 
solvent in chemical synthesis, catalyst and bioca-
talyst (Olivier, et al., 2002; Vidis, et al., 2005 & 
Miao, et al., 2006). Field engineering uses ionic 
liquids as fluidic technique as the heat carrier, 
lubricants, surfactants and the liquid crystals (Ye, 
et al., 2001; Merrigan, et al., 2000; Awad, et al., 
2004; Hollbrey, 1999 & Gordon, et al., 1998). 
Second, the scientific explanation related to the 
context of  the ionic liquids contains a lot of  facts, 
concepts, principles, laws, models and theories 
which can be used to reinforce the chemistry 
learning content as a media to develop thinking 
skill (process/competence) demanded by PISA. 
Third, modern technology based on ionic liquids 
can also be used as a discourse to empower stu-
dents’ science attitude.

DISCUSSION

Modernization of Curriculum Content via 
Context of Modern Technology of Ionic 
Liquids-Based

Chemistry education research in this fra-
mework is related to the effort to develop expe-
rimental design, concept-context and teaching 
materials that can interpret and communicate 
the modern science, which makes it easy to un-
derstand and attracts students. One of  potential 
material to be used as the chemistry context in 
the school is ionic liquids in various segments of  
modern technology shown in Figure 2.
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The ionic liquids are materials that so-
lely consist of  ionic species (cation and anion). 
Cation system in the ionic liquids (and ionic li-
quid crystal) is generally a bulky organic cation, 
such as N-alkilammonium, P-alkilposfonium, 
N-alkyl-pyridinium, S-alkylsulfonium, N-alkil-
pirolidinium, N, N-dialkilpirazolium and N, N-
dialkilimidazolium. The biggest fraction of  the 
research focus has been geared to the cation N, 
N-dialkilimidazolium 1, because of  the enormo-
us differences in physicochemical properties that 
can be provided. The cation structure is shown in 
Figure 3.

N
C H  X-

N
R'

R
1

2

3

1

Figure 3. Structure of  Cation N,N-dialkilimid-
azolium 1

The nature of  ionic liquids such as thermal 
properties, electrochemical stability, ionic con-
ductivity and viscosity can be set and adjusted 
by altering the structure of  its cation and anion. 
These properties cause ionic liquids well-known 
as tailored-made solvents (Gordon, 1998). The 
melting point of  salt ionic liquid 1-alkyl-3-met-
hyl-imidazolium (with R = CH 3), for example 
will decline with the increasing length of  the al-
kyl group r`. Having achieved the minimum pri-
ce (usually in hexyl, heptyl, or octyl groups), the 

melting point will increase in line with increasing 
length of  the R group (Gordon, 1998).

Synthesis and the Characterization of 
Imidazolinium-Based Ionic Liquids

In summary, the workflow of  the research 
is shown in Figure 4. 

Figure 4. The process of  synthesis and character-
ization of  ionic liquids Cis-Oleyl-midazolinium-
Acetate

a. Synthesis of Cis-Oleil-Imidazolinium-Asetat
Synthesis of  ionic liquids-cis-oleylimida-

zolinium-acetate is conducted by synthesizing 
cis-imidazoline, methylation-kuartenerisasi, fol-
lowed by the replacement of  anion. Synthesis of  
cis-oleyl-imidazoline is performed by a method 
with microwave assistance. To synthesize cis-

Figure 2. Context of  Ionic Liquids Application in Modern Technologies (IOLITEC, 2005)
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oleyl-imidazolinium iodide, the reflux method 
is used as suggested by Mudzakir et al. (2008). 
Substitution of  anion is conducted by utilizing 
the principle of  anion metathesis and Lewis ba-
sic acids to synthesize cis-oleyl-imidazolinium-
acetate.

Compound synthesis process Cis-Oleyl-
midazolinium-Acetate can be divided into three 
main stages, they are:
1)  Synthesis of Cis-Oleil-Imidazolin

A total of  20 mmol (2.06 grams) of  dietile-
natriamina (DETA) and 11.29 grams of  cis-
oleic fatty acid was added to a 100 ml pyrex 
beaker then stirred until it was evenly distri-
buted. Reactant mixture was irradiated using 
microwave at 800 watts for 30 seconds, and 
then cooled to room temperature. After reach-
ing room temperature (25oC), the mixture was 
transferred into a three-neck round bottom 
flask which was then added 80 mL ethyl ace-
tate and heated up to 40 ° C (boiling point of  
ethyl acetate), for 30 minutes. The hot mixture 
was filtered using a Buchner funnel connected 
to a vacuum pump then concentrated by eva-
porator to separate the ethyl acetate solvent. 
The results were characterized using FTIR 
instrumentation and its melting point was te-
sted.

2)  Synthesis of Cis-Oleil-Imidazolinium-Iodida
A total of 1 mole (13.65 grams) of cis-

oleyl-imidazoline was added with methylene 
chloride until dissolved and incorporated into 
the three-neck round bottom flask that had been 
coated with aluminium foil, added with 2 mol 
(6.17 grams) of methyl iodide. Subsequently, 
the mixture was refluxed at a constant tempera-
ture of 40oC while stirring it using a magnetic 
stirrer for 4 hours. The result is cooled down to 
room temperature, and then dried using a rota-
tory evaporator at 80°C for 2 hours. Finally, we 
dried it in a fume hood. The results are character-
ized using FTIR instrumentation and its melting 
point was tested. 

3)  Synthesis of Cis-Oleil-Imidazolinium-Asetat
A total of 10 mmol (7.4390 grams) cis-

oleylimidazolinium iodide was put in a beaker 
which had been wrapped in aluminum foil and 
then dissolved in 100 mL of methanol and added 
10 mmol (1.67 grams) of AgCH3COO. The mix-
ture is stirred using a magnetic stirrer for 4 hours. 
The result was decanted and filtered using a cel-
lulose-nitrate membrane (PTFE). The solvent of 
the filtrate was then evaporated by stored it in a 
fume hood until saturated. The results obtained 
were characterized using FTIR instrumentation 
and its melting point was tested.

Based on the description of  the three sta-
ges of  the synthesis of  cis-Oleyl-imidazolinium-
Acetate, there were four basic ingredients used: 
diethylenetriamine, cis-oleic fatty acid, methyle-
ne chloride and silver acetate. These materials are 
related to the content of  chemistry class XII on 
the subject of  organic compounds reaction, thus 
this context can be used to enrich students’ kno-
wledge in recognizing chemical materials related 
with ionic liquids.
b.  Structure characterization

To determine the success of  the synthesis 
process stages and the overall synthesis process, 
we used chemical instrumentation including 
Fourier Transform Infra Red (FTIR) and melting 
point test.
1)  FTIR analysis

Characterization using FTIR aimed to com-
pare the condition of a sample before and after 
the process of synthesizing. This analysis used 
SHIMADZU FTIR-8400. The functional group 
of the FTIR spectra provided distinctiveness 
FTIR spectra pattern information of functional 
groups present in the sample before and after the 
process of synthesis. Based on the result, we ob-
tained their suitability or peak difference of the 
functional groups observed in the spectra so that 
the changes in the structure before and after the 
process could be explained.

2)  Analysis of melting point
		  Physics properties can be used for qualita-

tive analyzing of a substance. The success of the 
process of synthesis of a pure solid sample can 
be characterized by means of determining the 
melting point.

Some application of basic ingredients of Cis-
Oleyl-imidazolinium
1)  Applied as Redox Electrolyte in Dye Sensitized 

Solar Cells	 (DSSC)
The materials used for the DSSC are: TiO2 

powder, Polyvnyl Alcohol (PVA), ethanol, potas-
sium iodide, iodine, and three fatty imidazolini-
um salt from synthesis result, isolation scotch, 
conductive glass (indium tin oxide, ITO) and 
chromophore source material.

In brief, the manufacture of  DSSC was 
shown in Figure 5.
2)  Applied as Electrolytes in Artificial Muscle Sys-
tem

The materials used are synthesized cis-
imidazolium iodide, technical chitosan, technical 
acetic acid, chlorosulfonic acid p.a, and dimet-
hyl formamide P.A. The procedure of  making 
the raw material of  artificial muscle system are 
briefly shown in Figure 6.
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Dijadikan Pasta  

Pasta TiO2 

Di lapisi pada kaca TCO 

Lapisan pasta TiO2 diatas 
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Di furnace pada suhu 4500C selama 15-20 menit 
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Diangkat dikeringkan 
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Elektroda Lawan 
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Prototipe Sel Surya DSSC 

Diinjeksikan elektrolit  

Diuji kinerja fotovoltaiknya 

Prototipe sel surya DSSC setelah diuji 

Figure 5. Creating Cis-imidazolium-asetat electrolyte-based DSSC solar cell 

Figure 6.  Alternative Procedure of Manufacturing ionic Liquids for Artificial Muscle

Figure 7. Alternative Synthesis Procedure of  Ionic Liquids as Raw materials for Magnetic Lubricant
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3)  Applying Ionic Cis-Imidazolinium as Magnetic 
Lubricant

The materials used are: acid cis-oleic ex-
tract pure, methyl iodide, dietilenatriamina 
p.a., methylene chloride technical, ethyl acetate 
technical, methanol, AgCl pa, iron (III) chloride 
pa, natural fibre waste, NaOH p.a., and Aquades.

Working procedure system was divided 
into three processes; the synthesis process of  
magnetic ionic liquid of  cis-oleyl imidazolinium 
tetrakloroferat (III), the manufacture of  natural 
fibre materials, and the manufacture of  magnetic 
paper with impregnation method. Ionic Liquids 
Synthesis process was shown in Figure 7.

CONCLUSION

Based on the data, we can conclude: Moder-
nization of  chemistry curriculum was required 
by utilizing the context of  modern technology 
which is the source of  knowledge in developing 
teaching materials. Ionic liquid material is the 
context that has the potential to be applied in 
the chemical content in the school. Some of  the 
application of  ionic liquids can be used in che-
mical content, e.g. the use as raw material for the 
manufacture of  solar cells, artificial muscles and 
magnetic lubricant.
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ABSTRACT

The purpose of  this study is to investigate the scientific reasoning ability of  the prospective student teacher, and
to analyze the difference in scientific reasoning ability between students in the study programs. The sample set
consisted of  179 students joining the Excellence Program of  Mathematics and Science Teacher Education in the
Faculty of  Teacher Education (FTE) in the University of  Mataram. The Classroom Test of  Scientific Reasoning
(CTSR) was translated into Indonesian language and used to measure the student scientific reasoning ability. The
results of  this study revealed that 95.5% students had low reasoning ability and were categorized as concrete and
transitional reasoner. Only few students (4.5%) reached the category of  formal operational reasoner. In addition,
significant differences of  the students reasoning ability emerged among the third and the fifth semester students,
as well as students in the four study programs.

© 2016 Science Education Study Program FMIPA UNNES Semarang

Keywords: concrete, CTSR, formal operational scientific reasoning, transition

INTRODUCTION

One of  teaching goals in Sience, Technolo-
gy, Engineering, and Mathematics (STEM) edu-
cation is fostering student s’ content knowledge
and developing general scientific abilities (Bao
et al. 2009), and one of  the abilities is scientific
reasoning. It is a part of  cognitive skills required
to evaluate scientific information and resolve
complex problems (Bao, et al. 2009; Lee & She,
2010; Piraksa, et al. 2014). It involves the abilities
which have long-term impact accompaniment on
student’s academic achievement.

 The ability to reason scientifically is a
reflection of  a person’s thinking skills about the
processes of  inquiry which include designing
experiments, analyzing scientific evidences, in-
ferencing, evaluating the results of  investigation,
and understanding the concepts and the complex

theories of  science (Zimmerman, 2005; Piraksa et
al. 2011). It is manifested as a strategy of  making
conclusion based on scientific evidences (Lee &
She, 2010), and closely related to cognitive pro-
cesses in relation to the way of  making decisions
and the results of  academic learning (Kuhn &
Dean, 2004; Bao et al. 2009).

 Scientifi c reasoning consists of some aspects
that are interconnected as proportions of arguments
about probability, relation between two or more va-
riables, and social process to seek the truth based on
the theory and scientifi c evidence (Lawson, 2000;
Kuhn, 2004). Several research studies indicate
that scientific reasoning ability is necessary for
students as to be able to compete in the global era.
Therefore, students’ performance on scientific
reasoning is important to be developed in scien-
ce teaching and learning process (Chen & Klahr,
1999; Bao et al. 2009) from elementary through
college level of  education.

Scientific reasoning skills can be developed*Alamat korespondensi:
 Email: awahabjufri@unram.ac.id
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through training and transferred in the supporting
academic environment (Bao et al., 2009; Piraksa
et al., 2011). Training in scientific reasoning has
a long term impact on student academic achieve-
ments. Therefore, the STEM education commu-
nity considers that transferable general abilities
are at least as important for students to learn as is
the content knowledge (Bao et al. 2009). Under-
graduate students and science teachers in secon-
dary schools should have the valuable attributes
of  scientific reasoning (Tajuddin et al., 2012).
However, the majority of  undergraduates are
lack of  advanced reasoning patterns, which are
necessary for significant achievement in college
science courses (Deamfle, 2006). Science teach-
ers and prospective student teachers in college
should have the strategies to train and transfer
scientific reasoning skills to students (Johnson &
Lawson, 1998). Mathematics and science teach-
ers should develop scientific reasoning ability of
middle school students as a component of  the 21st

century skills (Annetta et al., 2010; Piraksa et al.,
2014). To support the that process, prospective
student teachers in college especially in the facul-
ty of  teacher education (FTE) in the University
of  Mataram must be facilitated to develop their
reasoning ability. The purposes of  the research
are to: (1) identify the scientific reasoning ability
of  prospective student teacher who were in the
Excellence Program of  Mathematics and Science
Teacher Education (EPMSTE) in the FTE, Uni-
versity of  Mataram, and (2) to analyze the diffe-
rences of  scientific reasoning ability of third and
fifth students semester as well as in the four Study
Programs in the academic year 2012/2013.

METHOD

The research was conducted during Sep-
tember to November 2013/2014 in the Depart-
ment of  Mathematics and Science Education
of  FTE in University of  Mataram. The subjects
of  the research consisted of  179 prospective stu-
dent teachers in the third and fifth semester. The
instrument used to collect the data of  this study is
the test of  scientific reasoning which is translated
from the Classroom Test of  Scientific Reasoning
(CTSR) developed by Anton E. Lawson (2000).
The test consists of  24 items or 12 pairs of  items
with four alternative answers. Odd-numbered
test items contain the statement about the cause
of  an event/natural phenomenon and the even-
numbered test items are the alternative reasons’
arguments which support the answer chosen.
The CTSR has been used worldwide and proven
to be able to measure student’s concrete and for-

mal operational thinking abilities in secondary
level and higher education (Lawson, 2000; Bao,
et al. 2009, Piraksa, et al. 2014). This test serves
to measure student’s ability to reason and to think
proportionally, probabilistically, correlationally
and hypothetico-deductively. The reliability of
the test items is 0.78. Data were analyzed with
the One-way Analysis of  Variance (ANOVA) by
SPSS computer program.

RESULT AND DISCUSSION

The average score of  students’ scientific
reasoning ability ranged from 22.45 to 38.25. The
lowest average scores (Mean 22.45) obtained by
the students of  the third semester of  Biology Edu-
cation Study Program and the highest average
scores (Mean: 38.25) obtained by the fifth semes-
ter students of  Mathematics Education. In detail,
the average scores of  student scientific reasoning
ability are presented in Table 1 and the student
distributions based on their level of  reasoning ab-
lity are shown in Table 2.

Referring to the average score of  students
reasoning ability as shown in Table 2, it can be
stated that most of  the students of  the EPMSTE
University of  Mataram is still in the category of
concrete operational and transitional thinking
(95.70%), and only 4.30% students reached the
formal operational thinking. This condition in-
dicates the weakness of  the prospective student
teachers reasoning ability.  According to Lawson
(2004), based on their reasoning ability, learners
can be classified as concrete operational reasoner
(score 0-30), transitional reasoner (score 30- 70),
and reflective or formal operational reasoner
(score 80 - 120).

Moore & Rubbo (2011) stated that the stu-
dents classified as mostly concrete operational
reasoner are characterized by their appropriate
use of  logic. However, they struggle with sol-
ving problems outside of  a concrete context, de-
monstrating significant difficulty with abstract
concepts and hypothetical tasks. Formal opera-
tional reasoner begins to think abstractly, reason
logically, and draw conclusions from available in-
formation. Unlike the concrete operational reaso-
ners, the formal operational reasoners are able to
apply appropriate logic to hypothetical situations
in most contexts. In this way, formal operational
reasoner can begin to think like a scientist, and
specifically develops srong hypothetico-deductive
reasoning. Transitional reasoner falls between the
other two classifications where they find success
with hypothetical tasks in some contexts. Formal
operational thinking skill develops gradually bet-
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ween 11-18 years of  age and results in a refine-
ment or perfection of  operations developed at the
concrete stage (Valanides, 1997). The third and
fifth semester of  college students should have
developed the skill, in fact this study shows the
contradictive reality. This fact should become a
valuable condition to evaluate and improve the
model of  teaching and learning process, especial-
ly in the Department of  Mathematics and Scien-
ce Education of  FTE in University of  Mataram.

The students’ scientific reasoning scores
differ significantly between semesters and the stu-
dy programs (p <0.05) as shown in Table 3. Data
regarding the difference in the average scores as
well as the level of  significance of  differences bet-
ween study program and semester are presented
in Table 4.

The data in Table 4 show the differences
in the level of  reasoning ability between groups
and between semesters. The reasoning ability of
the 3rd semester students in the Biology Educa-
tion Program differs significantly from that of
the students in the Physics Education Program
and Mathematics as well as the 5th semester. The
5th semester studens of  Biology only differs sig-
nificantly from the students in the Mathematics
Education Program, and the students of  the 5th

semester in the same study program also signifi-
cantly differ from the students in the third semes-

ter Chemistry Education Program and  in both
semester of  student in the Physics Education
Program. The difference in scores of  reasoning
ability between other groups of  students was not
significant (p> 0.05).

 The results of  this study are consistent with
the statement of  Piraksa, et al., (2014) who found
that university students in Thailand mostly think
unscientifically. The scientific reasoning ability of
the prospective student teachers in University of
Mataram really needs attention to be developed
through the improvement of  the quality of  teach-
ing and learning processes. This is in line with the
opinions of  Piraksa, et al. (2014) which suggested
that teaching plans should be designed to support
the development of  the students scientific reaso-
ning ability. Some relevant models of  learning
include discovery, inquiry-based, problem-based,
and computer-based learning models (Lawson,
2004; Bao et al. 2009; Tajuddin,  et al.  2012;
Piraksa,  et al. 2014). Bao, et al. (2009) quoted
the statements of  Benford & Lawson, (2001) and
Gerber, et al. (2001) that scientific reasoning abi-
lities of  students in any level of  education can be
developed through the implementation of  inqui-
ry-based learning.  Johnson and Lawson (2004)
found that the scientific reasoning and prior kno-
wledge of  students taught by inquiry model were
higher than those of  students taught by exposi-

Table 1. Distribution of  Mean Scores of  Students Scientific Reasoning

Study program/semester

Biology Chemistry Physics Mathematics

3rd 5th 3rd 5th 3rd 5th 3rd 5th

N 22 22 25 21 19 22 27 20

Mean 22.45 26.54 27 23.54 30 28.95 32.44 38.25

Min 8.00 8,00 8.00 8.00 8.00 8.00 16.00 8.00

Max 4.,00 58.. 58.00 50.00 50.00 58.00 66.00 66.00

StDev 11.42 14.67 14.54 14.83 10.13 15.17 13.05 13.72

Table 2. Student Distributions According to Their Levels of  Reasoning Abilities

Study
Programs

N Percentage of Students in each Level of
Reasoning Ability

Total Percentage

COR TR FOR

Biology 44 12.3 12,3 0.5 25.1

Chemistry 47 9.4 15 1.3 25.7

Physic 41 4.2 17 1,4 22.6

Mathematics 47 3.2 22,3 1,1 26.6

29.10 66.60 4.30 100
Note: COR: concrete operational reasoner, TR: transitional reasoner, FOR: formal operational rea-
sonerv
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tory approach. In this regard, Jufri (2007) found
that inquiry-based learning model can improve
students’ critical thinking skills. Through these
models of  teaching and learning, students can
involve in the process of  scientific observation,
actively provide explanations, and test their ide-
as based on scientific evidences accompanied by
logical arguments and positive interaction with
their colleagues (Lawson, 2004).

Bao, et al. (2009) proved that the middle
school students in China who learned Physics
with training (drill) methods can improve their
ability in problem solving, but the same methods
does not give significant effect on students scien-
tific reasoning ability. Chin & Osborne (2010)
found that there is a positive correlation between
the number and the quality of  questions, and the
quality of  written arguments raised by students
whose mastery concepts of  the subject matter.
Therefore, facilitating the development of  scien-
tific reasoning ability in science teacher training
program is quite urgent to give the opportunity
for future teachers to build their own tools that
permit them to promote reasoning skills for their
students (Archila, 2014).

Even though the reasoning abilities of  stu-
dents tested with CTSR look simple for experts,
in fact this is a fundamental component that is
quite crucial to support the development of  other
capabilities that are more vital and more comp-
lex (Bao et., 2009). The ability to reason is very

important to support other aspects of  higher or-
der thinking skills. Lawson (2004) states that the
scientific arguments are hypothetico-deductive
in structure and consist f  some aspects that are
interconnected including the proportion of  ar-
guments, control of  variables, arguments about
probability and arguments regarding correlation
between variables.

 An ultimate goal of  higher education is to
prepare our future workers with needed knowled-
ge and skills. This includes cultivating students to
become proficient reasoner who can utilize pro-
per scientific reasoning to devise causal inferences
from observations (Ding et al. 2014).  Reasoning
ability of  students should be the main purpose of
the college curriculum that focuses more on the
development of  learners mathematics and scien-
ce literacy (Piraksa, et al. 2011). Supposedly, un-
dergraduate or college level students should have
been able to reason scientifically and to think ref-
lectively with hipotetico-deductive pattern. Ho-
wever, the results of  this study shows that most
students in the Department of  Mathematics and
Science Education of  the FTE in University of
Mataram are still possessed low reasoning ability.
This condition relates to the findings of  Jufri &
Hikmawati (2012) which show that many science
teachers in Lombok have low reasoning ability
and also low scientific literacy. These facts are of
considerable concern and need to be addressed
seriously. If  the student teacher reasoning ability

Table 3. ANOVA Test Results for the Scientific Reasoning Ability Mean Scores of  Student Teacher
Candidates based on the Sudy Programs

Sum of Squares Df Mean Square F Sig.
Between Groups 3874.042 7 553.435 3.123 0.004
Within Groups 29768.180 168 177.192
Total 33642.222 175

Table 4. The Difference of  Students’ Scientific Reasoning Ability within Study Programs

I (SP-SMT) J (SP-SMT) Mean Difference Std. Error Sig.

Biology smt 3 Physics  smt 3 -8.65072* 4.16894 .040

Physics  smt 5 -8.32806* 3.96965 .037

Mathematics  smt 3 -11.98990* 3.82319 .002

Mathematics  smt 5 -17.79545* 4.11263 .000

Biology smt 5 Mathematics  smt 5 -11.70455* 4.11263 .005

Chemistry  smt 3 Mathematics  smt 5 -10.12500* 4.03021 .013

Chemistry  smt 5 Mathematics  smt 5 -11.40789* 4.26444 .008

Physics smt 3 Biology smt 3 8.65072* 4.16894 .040

Mathematics  smt 5 -9.14474* 4.26444 .033
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is low, then of  course and it will closely linked
to their pattern of  teaching if  one day become a
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Based on the findings of  this study, it is sug-
gested that the pedagogy of  learning science for
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to the learning patterns of  (1) how to construct
reason based on hypotheses and scientific eviden-
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target variables in order to support the develop-
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create programs that focus on improving teaching
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CONCLUSION
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teacher in the FTE of  University of  Mataram is
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scientific reasoning ability within semester and
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ABSTRACT

This study is a meta-analysis study that aimed to determine the effect of  multimedia-based teaching materials in 
science learning to students’ cognitive enhancement. This study integrated primary study results of  several studies 
that had been published in national and international journals. The method used in this research was the analysis 
of  the results of  seven international journals and three national journals involving multimedia teaching materials 
based on science learning as the main study. Searches were done through the search engine Google, using Eric 
Journal and Google scholar with keyword multimedia-based teaching materials. Analysis of  data was the descrip-
tion of  the results of  the average effect size of  each study sampled then categorized based on Cohen’s interpreta-
tion. The results showed that multimedia-based teaching materials in science learning had a significant influence 
on students’ cognitive learning outcomes indicated by the average effect size of  0.78. Differences in cognitive 
enhancement were based on a group of  countries, fields of  study, education level and the variety of  multimedia 
teaching materials. It was concluded that the multimedia-based teaching materials in science learning showed a 
significant effect on students’ cognitive enhancement.

© 2016 Science Education Study Program FMIPA UNNES Semarang
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INTRODUCTION

Natural Science is a vehicle for students to 
learn about objects and natural phenomena based 
on the thoughts, observations and investigations 
(Ministry of  Education and Culture, 2014). 
Science does not only cover scientific knowledge, 
but also contains important scientific dimensions 
that includes content dimension in the form of  
facts, concepts, laws and theories, and the dimen-
sions of  the scientific process (Liliasari & Tawil, 
2014).

Science is a knowledge to develop scientific 
understanding through research activities, so that 
students are able to explain, evaluate and build 
scientific knowledge independently (Duschl, et 
al., 2007). 

The quality of  science teaching in some 

countries, at the moment is still relatively low. 
This is reflected in the results of  the analysis of  
the ability of  students’ science achievement in se-
veral international studies such as TIMSS (Trends 
in International Mathematics and Science Study) 
and PISA (Programme for International Students 
Assessment). Based on the TIMSS science achie-
vement data mapping in 2011, there were 24 of  
the 42 participating countries are in a position 
below the international average score scoring less 
than 500 (IEA, 2012). Furthermore, based on the 
results of  PISA in 2012 there were 40 of  the 65 
participating countries also had an average scien-
ce achievement scores below the international 
average score under 501 (OECD, 2013).

The low achievement in science in some 
countries is partly due to the less maximal of  stu-
dents’ cognitive abilities development. Cognitive 
ability is not a natural skill but a process and a pro-
duct of  mind to attain knowledge in the form of  
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mental activities like remembering, symbolizing, 
categorizing and solving problems (Hamalik, 
2011). Cognitive Domain in Bloom’s Taxonomy 
mentions six kinds of  capabilities that are arran-
ged in a hierarchy ranging from the simplest to 
the complex, they are: knowledge, comprehen-
sion, application, analysis, synthesis and evalua-
tion (Vieyra, 2006). One cause of  low cognitive 
abilities of  students is the teaching materials used 
in teaching (Djamarah & Zain, 2014). Many te-
aching materials only copy information from one 
of  to others, so that students have a tendency to 
memorize. Teachers need appropriate media to 
attract students’ attention during learning, pro-
cessing complicated and complex teaching ma-
terials into simple and clear ones, and reverting 
abstract scientific concepts into the concrete ones 
(Ministry of  National Education, 2007). Concre-
te concepts in learning become fundamental to 
clarify the abstract facts (Hill & Korhonen, 2014). 
Attractive teaching materials are potential to inc-
rease the students’ cognitive processes (Koning, 
et al., 2009). The effectiveness and efficiency of  
the learning process can be improved through 
the application of  multimedia teaching materials 
(Siagian, et al., 2014).

Multimedia includes various combinations 
of  text, images, graphics, animation and video 
elements that have been digitally manipulated so 
as to display a fun projection, having aesthetic 
value and maintaining visual consistency (Ivers 
& Baron, 2010). Students receive multimedia-
based learning information through both spoken 
and text as well as information through images 
such as animations or illustrations (Mayer, 2003). 
Application of  multimedia learning can increase 
high-level thinking skill, problem solving skill and 
students’ cognitive (Stoney & Oliver, 1999). Mul-
timedia greatly contributes to the effectiveness 
of  learning as well as the delivery of  messages 
and content, thus helping students to enhance 
their understanding and ability to think (Fitriana, 
2011).

Research on multimedia learning has been 
widely carried out, thus requiring a comprehensi-
ve assessment. This study aimed to determine the 
effect of  multimedia-based teaching materials in 
science learning toward students’ cognitive imp-
rovement. It was conducted through several dis-
cussions in general, regional countries, subjects, 
education levels and learning media.

METHOD

The method in this study was a meta-ana-
lysis by reviewing the results of  several educatio-

nal journals (Merriyana, 2006). The collection 
of  data obtained from 10 journals on education 
includes seven international journals and three 
national journals, while the journals were sear-
ched through google search engines included Eric 
Journal and Google Scholar with the main study 
of  multimedia-based teaching materials.

Analysis of  the data used a description of  
the average effect size of  each study. The applied 
formula of  effect size was Delta Glass (Glass, 
1976). The effect sizes results was then categori-
zed based on Cohen’s interpretation as follows:

Table 1.  Category of  Effect Size

Cohen’s Standard Effect  Size

Large

Medium

Small

0,6 – 2,0

0,3 – 0,5

0,0 – 0,2
Cohen (1988)

 
RESULT AND DISCUSSION

The discussion in this research compre-
hensively covers general study, regional countries, 
science disciplines, education levels and learning 
media.

Based on data from Table 2, it showed that 
the average effect size was 0.78. This shows that 
the multimedia-based teaching materials in scien-
ce learning can improve cognitive achievement 
of  students with the category of  “high” (Cohen, 
1988). Learning by using multimedia-based te-
aching materials make it easier for students to 
understand the concept (Zahra, 2015). Students 
can learn the abstract concepts using multimedia-
based teaching materials so as to clarify those 
(Ministry of  National Education, 2007). Multi-
media-based teaching materials can improve the 
construction of  knowledge, synthesis skill as well 
as build bridges between knowledge (Schrader & 
Raff, 2015). Abstract concepts in physics will be 
more easily understood when students acquire 
multimedia learning (Liu 2006 & Wiyono, 2009).

The results of  analysis of  multimedia te-
aching materials presented through a variety of  
ways, including text, graphics, images, audio, 
video and animation (Table 2). Students will 
learn more effectively when learning informati-
on is processed through various means (Rahman, 
2011). The concept of  liver function is easier 
to understand when students use multimedia 
graphics, while the blood circulation system is 
presented in text, video and animation (Brunken 
et al., 2003). Presentation of  learning informati-
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on through text, graphics, images, audio, video 
and animation also relates to the use of  the five 
senses. Students’ understanding will be better if  
the lesson presented by integrating the senses of  
sight and hearing compared by only using the 
sense of  sight (Mayer, 2001).

Results of  research by Haryanto (2015) in-
volved students of  junior high school with special 
needs as a sample. This research has the highest 
effect size (1.19) compared to other research 
(Table 2). Characteristics of  his study sample 
are below normal students with the Intelligence 
Quotient (IQ) of  less than 79 (Somantri, 2006). 
Teaching materials in Haryanto’s research (2015) 
were presented through video animation on the 

concept of  the body frame and the human sen-
ses. The results showed that an animated video 
teaching material can improve cognitive learning 
outcomes of  students. Animated video teaching 
materials are more capable to stimulate thoughts, 
feelings, concerns and learning willingness of  
students (Ministry of  National Education, 2007). 
Multimedia teaching material can input and 
exchange various types of  information and know-
ledge into students’ minds more widely (Jalali, et 
al., 2015). Learning effectiveness can be maximi-
zed through multimedia learning (Najjar, 1998).

The results of  data analysis also showed 
the influence of  multimedia teaching materials to 
students’ cognitive improvement in several count-

Table 2. Characteristic of  Research Data and Effect Size.

No. Researcher Country Sub-
jects Level Experiment Control Discussion

Total 
Respon-

dents

Effect

Size

1. Li Zhu and 
Barbara 
Grabowski

Pennsyl-
vania

Biology Senior 
High 
School

Animation 
& Elabora-
tion Strategy

Graphic 
Pictures

Concept 
Understand-
ing

115 0,30

2. Bradley D. 
Ausman, 
Huifen Lin, 
dan Kusro 
Kidwai

Pennsyl-
vania

Biology Uni-
versity

Proggresive 
Animation

Anima-
tion

Concept 
Understand-
ing

88 0,80

3. Carol Ko-
roghlanian 
dan James 
D. Klein

Arizona Biology Senior 
High 
School

Audio – 
Animation

Audio 
Text

Concept 
Understand-
ing

109 0,5

4. Wira 
Udaibah

Indonesia Chem-
istry

Uni-
versity

Animation – 
Power Point

Conven-
tional

Achieve-
ment and 
Learning 
Motivation

40 0,92

5. Gokhan 
Aksoy

Turki Physics El-
emen-
tary 
School

Computer 
Animation

Tradi-
tional

Learning 
Outcomes

60 1,00

6. Slamet Ra-
hayu, Wardi 
dan Sucipto

Indonesia Biology Junior 
High 
School

Flash Ani-
mation

Power 
Point

Learning 
Outcomes

64 0,65

7. Ananta Ku-
mar Jena

India Biology El-
emen-
tary 
School

Computer 
Animation

Tradi-
tional 
Teach-
ing

Learning 
Outcomes

52 0,84

8. Agnaldo 
Pedra, 
Richard E. 
Mayer dan 
AlbertoLuiz 
Albertin

Brazil Physics Uni-
versity

Interractive 
Technic 
Animation

Non-
Inter-
ractive

Learning 
Outcomes

68 1,06

9. Hsin I.Yung  
dan Fred 
Pass

Taiwan Biology Junior 
High 
School

Pedagogic 
Animation

Non-
Peda-
gogic 
Anima-
tion

Cognitive 
Mastery

133 0,53

10. I Nyoman 
Haryanto

Indonesia Biology Special 
Needs 
Junior 
High 
School

Animation 
Video

Tradi-
tional

Learning 
Outcomes 
and Creativ-
ity

20 1,19

Mean 0,78



Khoiriah, Tri Jalmo, Abdurrahman / JPII 5 (1) (2016) 75-8278

ries including Indonesia, USA, Turkey, India and 
Taiwan.

The average effect size of  influence of  
multimedia teaching materials toward students’ 
cognitive enhancement in Indonesia and Turkey 
were higher than the US, India and Taiwan (Fi-
gure 1). This was due to the control class research 
in Indonesia and Turkey used different teaching 
materials from the experimental class. Control 
classes were not given multimedia-based teaching 
materials so that it gives a very significant effect 
on students’ cognitive enhancement. Multimedia 
developments in Indonesia started since the erec-
tion of  Satelindo in 1993. This progress was mar-
ked with the publication of  2210 of  multimedia-
based educational journals. Meanwhile, based 
on the results of  the data mapping by PISA in 
2012, Turkey ranked 44th out of  65 participating 
countries (OECD, 2013). This fact had pushed 
the Turkish government to reform the education 
(Gencer & Cakiroglu, 2005; Dogan & El Khalick 
2008 and Cikmaz, 2014).

Based on the facts, it was concluded that 
the multimedia development in Indonesia and 
Turkey used new technology. Through new lear-
ning climate, Indonesia and Turkey are capable 
of  increasing students’ interest and motivation, 
thus providing a positive influence on the lear-
ning outcome (Djamarah & Zain, 2014). Motiva-
tion is the driving engine that can accelerate the 
success of  the learning process (Hamalik, 2011).

Meanwhile, the control classes in various 
researches of  India, Taiwan and the USA were 
also applied multimedia-based teaching materials 
(e.g. images, graphics, animation and audio) and 
therefore it contributed less significant to increase 

students’ cognitive, characterized by low average 
of  effect size (Figure 1).

Multimedia systems of  USA began in the 
late 1980s with the introduction of  Hypercard by 
Apple. The progress of  multimedia in USA has 
been marked by the issuance of  16,600 multime-
dia-based research journals. Developed countries 
like USA had reformed scientific education in the 
end of  last century (NRC, 1996). Based on these 
facts, we can conclude that multimedia system in 
USA was often used in the learning process, but 
it caused students to feel bored since the multime-
dia used repetitively, thus lowered students’ inte-
rest towards learning. Learning with interest will 
encourage students to learn better than learning 
without interest (Hamalik, 2011). Learning inter-
est is able to encourage the emergence of  student 
motivation to learn. Motivation affects the pro-
cess of  interaction between students and learning 
materials (Sardiman, 2014). Students’ progress in 
learning motivation is an important element that 
involves mental and physical activity (Johnsto, 
2013 & Naor, et al., 2014).

The results of  data analysis also showed 
the influence of  multimedia-based teaching mate-
rials to students’ cognitive enhancement in vario-
us disciplines of  science: physics, chemistry and 
biology (Figure 2).

 Based on Figure 2, it was discovered that 
the means of  effect size of  influence of  multime-
dia teaching materials toward physics, chemistry 
and biology, belongs to the “high” category 
(Cohen, 1988). Physics materials in these stu-
dies were the solar system and engineering, the 
chemistry material was metal structures and the 
biology materials included parts and functions of  

Figure 1. Mean of  Effect Size in Several Countries

Figure  2.  Means of  Effect Size on Science Subjects
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level students gained an average of  0.92 effect size 
category “high” (Cohen, 1988). This showed that 
the multimedia-based teaching materials have a 
very significant effect on cognitive enhancement 
of  elementary students.

Based on Piaget’s Theory of  Cognitive De-
velopment, students aged 7 to 12 years old are at 
the stage of  concrete operations, so that the stu-
dents are able to solve the problem logically with 
the help of  concrete concepts and objects (Huitt 
& Hummel, 2003).

Learning must be tailored to the students’ 
level of  cognitive development, for example in 
the stage of  concrete operations the students 
should learn with the materials that constitute 
live experience as well as the problems and conc-
rete objects (Sungur et al., 2001). Internal mental 
activity during the learning has enabled students 
to modify and organize images and symbols in 
order to reach logical conclusion (Shaffer & Kipp, 
2010).

Figure 3 also showed the multimedia te-
aching materials on the SMP had “high” cate-
gory by effect size of  0.79 (Cohen, 1988). Junior 
high school students (12 to 15 years old) are at the 
stage of  cognitive development of  concrete ope-
rations towards formal operations (Huitt & Hum-
mel, 2003). Learning using multimedia-based 
teaching materials can develop their intellectual 
ability to think on concrete objects (Ministry of  
National Education, 2007). Effect size for junior 
high school students was smaller than those for 
elementary school students (Figure 3). There are 
still many 12 years old students and older who 
have not yet reached the stage of  formal opera-

the human heart, the circulatory system, the cycle 
of  blood pressure, cell system, digestive system, 
the body frame and the five senses as well as the 
human cardiovascular system. Based on above 
data, it showed that the subject matter of  physics, 
chemistry and biology were mostly abstract con-
cepts. Learning to use the abstract concepts in ge-
neral the students could only imagine the existen-
ce of  the matter. Most of  students are not able to 
construct knowledge and understand the material 
independently so they fail to learn (Hill & Korho-
nen, 2014). Students’ understanding of  abstract 
concepts can be found out through the provision 
of  open-ended questions (Wang, et al., 2012). Te-
achers play an active role as a facilitator to facili-
tate students to learn and develop the knowledge 
(Mahfouz, 2012). Teachers can process abstract 
concepts through multimedia-based teaching ma-
terials into a concrete concept (Ministry of  Natio-
nal Education, 2007). Abstract concepts in biolo-
gy materials will be more easily understood when 
students use multimedia learning (Pratiwi, 2011).

Various concepts, principles and theories 
of  science are essentially a product obtained 
through systematic and planned process (Cur-
riculum and Book Research and Development 
Center, 2014). The concepts of  science in general 
are interconnected; so as to understand a concept, 
the students first should understand the previous 
concept. Multimedia teaching materials can help 
students in describing relationships between con-
cepts and the process of  science (Ministry of  Na-
tional Education, 2007).

Based on Figure 3, the effects of  multime-
dia teaching materials in elementary education 

Figure 3. Means of  Effect Size on Various Education Level

Figure 4.  Means of  Size Effect of  Various Media
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tions, this happens because of  the level of  intel-
lectual development is not only determined by 
the age factor alone but also influenced by matu-
rity, physical experience, math-logic experience, 
social transmission and the process of  balance or 
self-regulation (Dahar, 1996).

The average of  effect size of  multimedia te-
aching materials at high school students was 0.40 
(Figure 3). The data was categorized as “modera-
te”. This meant that multimedia teaching materi-
als do not significantly influence the cognitive de-
velopment of  high school students. High school 
students (15 to 18 years old) are at the mid-teens 
stage, which is a transition stage between early 
adolescents aged 12 to 15 years and the late teen 
aged 18 to 21 years (Yusuf  2008).

Based on Piaget’s Theory of  Cognitive De-
velopment, senior high school students are at the 
stage of  formal operations. In this stage, students 
are able to think logically for different types of  
hypotheses, verbal problems, deductive and in-
ductive thinking and the use of  scientific reaso-
ning and they are also capable to accept the views 
of  others (Huitt & Hummel, 2003). High school 
students do not only have the ability to think on 
a concrete concept, but they can also develop the 
ability to think in abstract concepts (Krause, et 
al., 2007 & Sungur, et al., 2001). High school stu-
dents in general have a higher intellectual deve-
lopment than junior high school students, so they 
should have a better mastery of  concepts. But the 
results of  data analysis showed that the average 
effect size of  high school students is lower than ju-
nior high school students (Figure 3). High school 
students have the cognitive abilities that are well 
developed to be able to cope with stress or emo-
tional fluctuation effectively. But in reality there 
are many high school students who have not been 
able to manage their emotions, depressed, grum-
py and less capable to regulate themselves. These 
conditions lead to various problems, including 
learning difficulties that affect the improvement 
of  students’ cognitive abilities (Yusuf, 2008).

Based on Figure 3, the data analysis the 
average effect size level of  the university students 
was 0.93. This data is categorized as “high” (Co-
hen, 1988). This showed that the multimedia-
based teaching materials play very significant 
influence on student cognitive enhancement. Stu-
dents at the university level are at the stage of  late 
adolescence between 18 to 21 years old (Yusuf, 
2008).

Based on Piaget’s Theory of  Cognitive De-
velopment, students at the university level belong 
to the stage of  formal operations (Huitt & Hum-
mel, 2003). Mastery of  biology concepts at the 

development level of  formal operations is signifi-
cantly better than students at the level of  concrete 
operations (Okoye, et al., 2008). 

The average effect size data showed that 
university level has the highest score. It is not only 
related to age alone but it is also determined by 
the intellectual development, a way of  thinking 
based on the awareness and skill to test hypothe-
ses and scientific reasoning (Yusuf, 2008).

In general the media in this study belonged 
to the audiovisual motion media or animation 
(Figure 4). Audiovisual media can show an ele-
ment of  sound (audio) and moving images (vi-
sual) (Djamarah & Zain, 2014). Multimedia pro-
gram includes several important elements include 
text, images, video, animation, sound, interracti-
ve and user controls (Ivers & Baron, 2010).

Multimedia type in this study was interac-
tive multimedia (picture 4). Interactive multime-
dia was equipped with a controller operated by a 
computer user to select the desired effect to conti-
nue the process of  the next program.

The results of  data analysis showed that 
the average effect size interactive animations me-
dia created by students was higher than other me-
dia, with a score of  0.88 (figure 4). This shows 
that interactive animation media made by the stu-
dents has significant effect on students’ cognitive 
improvement compared to other media. Interac-
tive multimedia can increase effectiveness and ef-
ficiency of  learning (Siagian, et al., 2014). It can 
also illustrates various concepts to achieve speci-
fic learning objectives (Ferguson et al., 2015).

Learning activities of  students through 
interactive multimedia activities is not just a vie-
wing activity, but also a variety of  other activi-
ties such as listening, observing and discussing, 
so that the students’ knowledge increased signi-
ficantly (Ministry of  National Education, 2007). 
The data even showed that interactive media cre-
ated by the students would have a higher effect 
size than the ones created by the teacher. The best 
way to study is through speaking activity which 
contributes to 90% in terms of  the understanding, 
while the activity of  talking accounts for 70%, 
seeing and hearing contribute 50%, the viewing 
activity helps 30%, hearing gives 20% while rea-
ding adds only 10% of  the student’s total under-
standing (Magnesen, 1983).

CONCLUSION

Based on the analysis, the researcher con-
cludes that:
a.	 Multimedia teaching materials emerged a very 

significant influence on students’ cognitive 
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improvement with the effect size of  0.78.
b.	 Multimedia teaching materials caused a very 

significant influence in Indonesia and Turkey 
with the effect size of  1.00 and 0.92.

c.	 Multimedia teaching materials gave the most 
significant effect on the subjects of  physics 
with the effect size of  1.03.

d.	 Multimedia teaching materials brought a very 
significant influence on the university level, 
with the effect size of  0.93.

e.	 Interactive media created by students played 
more significant effect on students’ cognitive 
improvement with the effect size of  0.88.
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ABSTRACT

This study aimed to produce valid, practical and effective guided inquiry model science learning materials to 
enhance science literacy skill of  prospective MI teachers. The tryout of  the materials was implementedto students 
of  MI teacher educationof  Unipdu Jombang at academic year of  2015/2016 semesters 3 using One Group Pre-
test Posttest Design. The data collections were done using observation, testing, and questionnaires. Data were 
analysed using descriptive analysis of  quantitative, qualitative and non-parametric statistical tests. The findings 
of  the research were: 1) the learning materials were valid; 2) Practicality of  the materials was tested through the 
implementation of  lesson plans, while the learners’ activity wereappropriate to the guided inquirymodel; and 3) 
The effectiveness of  the learning materials in terms of  improvement of  learning outcomes of  students was seen 
from the n-gain with high category and increasing mastery of  science literacy skills of  learners also scored n-gain 
with high category and the response of  students to the device and the implementation of  learning is very posi-
tive. It was concluded that the materials were valid, practical, and effective to enhance science literacy skills of  
prospective MI teachers.

© 2016 Science Education Study Program FMIPA UNNES Semarang

Keywords: guided inquiry model, prospective MI teachers, science literacy, science learning materials.

INTRODUCTION

Natural science is the driving force of  the 
development of  information and communicati-
on technology that has fundamentally changed 
the human life. In the globalization era, many 
people’s lives are affected by the development 
of  science and technology. Many problems that 
arise in daily life require scientific information 
to solve it. Therefore, scientific literacy becomes 
a necessity for every individual to have a greater 
opportunity to adjust to the dynamics of  life. As 
the time goes, information and technology keeps 
developing very rapidly. Everyone should be able 
to understand the environment, health, econo-
mic and other problems faced by modern society. 

Therefore scientific literacy is a must for everyo-
ne. Scientific literacy is very important for a per-
son because of  the development level of  a nation 
is determined by the quality of  human resources 
that possess science and technology awareness 
(Genc, 2015; Jurecki, 2012; Holbrook, 2009; 
UNESCO, 2008; Turgut, 2007, 2005).Science 
education is expected to be able toimplant scien-
tific literacy which in turn support Indonesia 
development. Science literacy has now become 
widespread concern for scientists, professors and 
politic’s stakeholders (Impey, 2013).

Researches on science literacy skill of  
learners in an international scale are organized 
by the Organization for Economic Co-operation 
and Development (OECD) through the Program-
me for International Student Assessment (PISA). 
Scientific literacy is considered as a key in educa-*Alamat korespondensi: 

 Email: mifta.unesa@gmail.com



M. I. S. Putra, W. Widodo, B. Jatmiko / JPII 5 (1) (2016) 83-9384

tion for all students, whether or not to continue 
studying science after that (Turiman, et al., 2012; 
OECD, 2013).

The low scientific literacy level of  
Indonesia students is a solid proof  that science 
learning in Indonesia still needs improvement. 
Interpretation can be inferred from the results of  
the PISA study that what we teach is different 
from the demands of  the mankind. When we 
observed at the school, studentswere very good 
at memorizing, but less skilled in applying their 
knowledge in problem solving. It was probably 
associated with the tendency to use memorization 
as a mean for mastering science, not the ability 
to think. According to Toharuddin (2011), the 
science educators in Indonesia seemto not yet 
fully understand well about the learning that 
leads to conceptual abilities.

Development of  scientific literacy of  pros-
pective teachers becomes the challenges of  teach-
ing and learning in higher education (Murcia, 
2009). The results of  the survey in 1988-2008 sho-
wed that the improvement of  scientific literacy of  
students in American universities was less signi-
ficant since it was only 10% -15% (Impey, 2013), 
while scientific literacy of  prospective teachers in 
Turkey was also low (Akengin & Sirin, 2013).

Figure 1.Graphic of  Preliminary of  the Low Lit-
eracy of  Prospective elementary teachers.

Results of  a preliminary study conducted 
by researchers at 32 prospective MI (Islamic 
Elementary School) teachers at a private univer-
sity in East Java showed a wide range of  scien-
tific literacy problems in science lectures. These 
problems included the heterogeneus educational 
background; dislikingscience (45%), unwilling-
ness to study science(20%), fearing science(15%) 
and boring, negative perceptions of  students to-
wards science, their low interest in science (10%), 
resulting in inoptimal learning outcomes and low 
scientific literacy. These results show the existen-
ce of  problems in science for prospective MI te-
achers, regarding with the process and learning 
outcomes of  science. In general, it means that 

prospective MI teachers have not been able to 
achieve ideal characteristics of  MI teacher, e.g. 
havingconsistent conceptual, procedural and 
epistemic knowledge to provide an explanation, 
evaluation, designingscientific discovery, and in-
terpreting data on the diverse situations of  comp-
lex life in which all requirehigh level cognitive 
thinking.

The development of  literacy is needed to 
help prospective teachers to understand the ma-
terials and elements of  science literacy, as well as 
being able to use appropriate teaching methods 
to develop scientific literacy in the classroom 
(Udompong et al., 2014). In improvingscientific 
literacy, prospective teachers should be given in-
novative learning so that the material being taught 
can be understood meaningfully for everyday life. 
Holubova (2013) states that all innovative lear-
ning methods should be learner-centered (active 
learning, Problem Based Learning, interdiscipli-
nary relations) aims to improve the knowledge, 
concepts and skills of  prospective teachers.

The science learning should equip pros-
pective teachers with professional knowledge. 
Professional knowledge includes knowledge of  
content, pedagogical content knowledge, gene-
ral pedagogical knowledge, and knowledge of  
learners and learning (Eggen & Kauchak, 2013). 
The learning environment and learning readiness 
also contribute to science learning achievement 
(Widyaningtyas et al., 2013). Lecturers must pay 
attention to teaching and learning that focuses 
on the right concept for students, strengthen their 
confidence, improving the relationship between 
the environment contexts with the teaching and 
learning (Udompong & Wongwanich, 2014). 
Activities with scientific methods are effective to 
develop scientific literacy and improve the lear-
ning process and success of  learners (Toeman & 
Glucuer, 2012; Lederman, et al., 2013). Doing 
investigations in the laboratory can also increase 
scientific literacy and observation skills (Gormal-
ly, et al., 2012; Brickman, et al., 2009), and rea-
ding habits are elements that improve the scienti-
fic capabilities. Improving scientific skills reflect 
the increase of  scientific literacy (Hamza & Ah-
met, 2013). Literacy activities through scienti-
fic investigation or multiple learning modalities 
(read it, write it, do it, and talk it) provide support 
for teaching and learning science through inquiry 
(Odegaard et al., 2015).

One of  the investigation activities in scien-
ce learning at MI is by guided inquiry learning 
model. Guided inquiry learning model is an al-
ternative to be developed to elevate science lite-
racy. Guided inquiry learning modelconsists of  
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six stages (phases): (a) planning, (b) information, 
(c) processing information, (d) making informati-
on, (e) communicating information, and (f) eva-
luating (Alberta, 2004). Guided inquiry learning 
allows learners to build knowledge independent-
ly and helps them to develop understanding of  
the concept of  representative and exercises their 
scientific literacy (Pandey, et al., 2011; Stricklyn, 
2011; Lee, et al., 2010; Minner, et al ., 2010; Wil-
son, et al., 2010; David, 2006).

Based on the explanation above, the model 
of  guided inquiry was selected to build science 
literacy of  prospective MI teachers. Researchers 
designed and conducted research to develop 
teaching materials with guided inquiry model 
forimprovingscience literacy of  MI teacher 
candidates. The focus of  research concerned 
with the validity, practicality and effectiveness of  
the teaching materialswith guided inquiry model 
to train scientific literacy skill of  prospective MI 
teachers. The research aimed to produce valid, 
practical, and effective teaching materials with 
guided inquiry model to instill science literacy 
skill of  prospective MI teachers.

METHOD

This study wasdeveloping science teaching 
materials with guided inquiry model to develop 
science literacy skill to prospective MI teachers. 
The research was carried during September to 
December 2015. Subjects were 35 learners of  
PGMI (MI Teacher Education) 3rd semester 
who took science subject in the academic year of  
2015/2016.

The design of  the research isOne–Group 
Pretest Postest design. (Fraenkel, 2012)

Pre - test Treatment Post - test

O1 X O2
Figure 2. One–Group Pretest Postest design

The variables associated with this study are 
as follows:
1.	 Guided inquiry learning model
2.	 Validity of  teaching materials
3.	 Variables related to the practicality of  

learning tools, including:
a.	 Learning implementation
b.	 Students’ activity

4.	 Variables related to the effectiveness of  
learning tools, including:
a.	 Improvement of  learning result
b.	 Science literacy skill
c.	 Students’ response

RESULT AND DISCUSSION

Educators as innovative agents of  change 
are required to have the ability to guide learners 
in the activities of  scientific investigation (Lu, & 
Ortlieb, 2009; of  Jan, et al., 2001). Educators in 
science learning ideally have to understand scien-
ce conceptually and deeply, capable of  reasoning 
qualitatively or quantitatively, able to understand 
and develop multiple representations, able to de-
velop the skills of  scientific literacy, having skill 
in science inquiry and be able to anticipate the 
conceptual difficulties experienced by learners 
(McDermott, et al., 2006; Heron, et al., 2005; 
Kautz, et al., 2005; and McDermott, 2004).

The learning model of  guided inquiry 
is a learning model that fulfill many curriculum 
requirements through engagement, motivation, 
and learning challenging in line with the purpose 
for the 21st century for educational institutions to 
guide students to think and learn through inquiry 
(Madden, 2011; Kuhlthau, et al ., 2012; 2010; 
2008; 2007).

Guided inquiry is characterized by 
identifying problems and some questions by 
educators as a research procedure and the 
learners are given clear and concise performance 
goal for investigation activities (Wenning, 2011; 
2010; 2006; 2005). Application of  guided inquiry 
learning does not only improve the ability of  
students to understand the material but can also 
enhance science process skills and scientific work 
(Ambarsari, et al., 2012; Ariesta & Supartono, 
2011; Grant, 2011; Khan, et al., 2011).

Guided inquiry learning allows the 
learners to build knowledge independently and 
helps learners to develop understanding toward 
representative concept and develops scientific 
literacy (Pandey, et al., 2011; Stricklyn, 2011; 
Lee, et al., 2010; Minner, et al ., 2010; Wilson, et 
al., 2010; David, 2006).

There are several characteristic of  guided 
inquiry, they are:
1.	 Learners are conditioned to conduct  

investigations to gain knowledge.
2.	 Learners are encouraged to be active and 

reflected on the learning experience.
3.	 Students learn based on what they previously 

know.
4.	 Learners develop a range of  thinking in the 

learning process through guidance.
5.	 The development of  learners occur 

gradually.
6.	 Learners have different ways of  learning.
7.	 Students are educated through social 

interaction with others. 



M. I. S. Putra, W. Widodo, B. Jatmiko / JPII 5 (1) (2016) 83-9386

(Ashiq, et al., 2011; Sadeh & Zion, 2011; 
Khulthau & Todd, 2008).

Guided inquiry learning offers integrated 
investigation planned and guided by educators, 
enabling learners to gain more understanding 
of  the subject content of  the curriculum and 
information concepts. Guided inquiry learning is 
able to develop the skills and abilities necessary 
for work and daily life in the 21stcentury (Gerald, 
2011; Opara & Oguzor, 2011; Rust, 2011).

In brief, guided inquiry learning model has 
several advantages:
1.	 Increase learners’ motivation.
2.	 Provide opportunities for learners to think 

further about ideas, problems, and questions.
3.	 Provide opportunities for learners to fully 

participate fully in the thing that will increase 
their curiosity, both inside and outside the 
classroom.

4.	 Encourage learners to have a initiative spirit.
5.	 Encourage patience, cooperation, unity, and 

decision-making between learners.
6.	 Improve students’ understanding of  the 

processes, concepts, and its relationships.
7.	 Providing education and knowledge 

that allow them to explore the social 
environment.
(NRC, 2011; Berg, et al., 2003; Crawford, 
2000; Crockett, 2000; Luft, 2001)

Guided inquiry learning model also has 
obstaclein which learners sometimes feel frustra-
ted if  they do not find the ideas (Belland, 2012; 
Krischner 2006; Fellenz, 2004). Guided inquiry 
learning model aims to give chance for learners to 
learn how to find the facts, concepts, and princip-
les through direct experience, to improve science 
literacy and to train learners in investigating prob-
lems or questions.

Guided inquiry learning model is de-
fined as an inquiry learning which presenting 
problems, questions and supporting material or 
materials specified by educators. Problems and 
questions from educators are meant to encourage 
students to conduct an investigation to determi-
ne the answer (Acevedo, et al., 2010; Bao, et al., 
2009; Mercer, et al., 2004). Syntax guided inquiry 
learning has six phases (Alberta, 2004).

Guided inquiry learning model has a good 
and productive learning environment which the 
learners are actively trying to find and implement 
the processes of  inquiry, and the role of  educator 
is to guide learners inexperiment.

Management of  guided inquiry learning is 
done in which students are grouped into several 
teams to be given the task of  inquiry to conduct 

experiments and work well in a group, where edu-
cators will consistently guide the learning process 
undertaken by learners.

Summary data on the students’ response to 
learning in the tryout can be seen in Table 2.

Table 1.Syntax guided inquiry learning

Phase Explanation

1. Planning Educator presents problems 
related to everyday life. 
Educators determine the 
procedure to solve the problem 
that will be done by students 
through experiments.

2. Retrieving Learners find and collect data 
about the problems proposed 
educators from various sources.

3. Processing Learners test and prove the 
hypothesis by conducting 
experiments and analysing his 
observations.

4. Creating Learners make decisions 
and conclusions from his 
observations, then creating 
experiments reports.

5. Sharing Learners present their observa-
tions.

Educators comment on the dis-
cussions and provide reinforce-
ment and straightenany mis-
takes.

6. Evaluating Evaluating (Evaluate) Educators 
award each of  the groups who 
have made presentations and 
then they provide authentic 
individual tasks regarding with 
the materials that have been 
studied.

(Source: Alberta, 2004)

Table 2. Students’ response

No
Compo-

nents

Students’ response

Average 
score

Criteria

1 Attention 4.20 Good

2 Relevance 3.80 Good

3 Confidence 4.00 Good

4 Satisfaction 3.95 Good

Table 2 states the response of  students 
to guided inquiry learning is positive based on 
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Table 3.Science Literacy Skill Rubric

No Science Literacy Skill Level

1 Learners can describe and 
apply the inquiry inquiry 
scientific method in investiga-
tion, questioning, and solving 
problems.

Beginner

a.	 Students cannot identify scientific problem.
b.	 Students do not understand the problem solving.
c.	 Students cannot identify hypothesis.

Middle

a.	 Students can identify scientific problem.
b.	 Students choose a solution for problem.
c.	 Students can define hypothesis.

Advanced

a.	 Students can repeat research questions.
b.	 Students can predict one or more solutions.
c.	 Students can construct hypothesis.

Expert

a.	 Students can develop research questions.
b.	 Students can evaluate various alternative solutions.
c.	 Students can propose how to evaluate hypothesis 

correctly.

2 Learners can describe proce-
dures and experiment steps

Beginner

a.	 Students cannot understand research purpose.
b.	 Students cannot decide the materials for experiment.
c.	 Students cannot interpret experiment variables.

Middle

a.	 Students cannot rephrase the research purposes with 
their words.

b.	 Students can designate the materials for experiment.
c.	 Students can differentiate free and bound variables.

Advance

a.	 Students can rephrase the research purposes with their 
words.

b.	 Students can designate the materials for experiment.
c.	 Students can differentiate control and free variables.
d.	 Students can explain the relation between steps in 

experiment.

Expert

a.	 Students can rephrase the research purposes with their 
words.

b.	 Students can designate the materials for experiment.
c.	 Students can filter free and control variables.
d.	 Students can manipulate free and control variables.
e.	 Students can modify the research design.
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Table 3. Continue

No 
Science Literacy 

Skill
Level

3 Students can present 
practicum assign-
ment correctly and 
accurately

Beginner

a.	 Students cannot obey safety rules and use lab tools safely and 
carefully.

b.	 Students cannot follow the writing procedure
c.	 Students cannot identify scientific tools accurately
d.	 Students cannot work independently.

Middle

a.	 Students obey safety rules and use lab tools safely and carefully.
b.	 Students follow the writing procedure accurately.
c.	 Students can use scientific tools with accurate techniques.
d.	 Students can measure and write the data.

Advance

a.	 Students obey safety rules and use lab tools safely and carefully.
b.	 Students follow the writing procedure accurately
c.	 Students can use scientific tools with accurate techniques.
d.	 Students can measure and write the data with minimum mistakes.

Expert

a.	 Students take initiative to follow research procedures accurately.
b.	 Students take initiative to follow writing procedures accurately.
c.	 Students take initiative to use scientific tools with accurate 

techniques.
d.	 Students take initiative to measure and write the data accurately.

4 Students can in-
terpret and com-
municate scientific 
information using 
writing, verbal and 
graphic data.

Beginner

a.	 Students cannot interpret information quantitatively from the table 
and graphic using simple vocabularies.

Middle

a.	 Students can interpret information quantitatively from the table and 
graphic using simple vocabularies.

b.	 Students can construct table data and present information in graphic.

Advance

a.	 Students can interpret information quantitatively from the table and 
graphic using simple vocabularies.

b.	 Students can construct table data and present information in graphic 
independently.

c.	 Students can communicate experiment and investigation results.

Expert

a.	 Students can accurately interpret information quantitatively from 
the table and graphic using sophisticated diction, and make accurate 
inferences.

b.	 Students can construct table data and present the information in 
graphic independently.

c.	 Students csn communicate experiment and investigation results 
clearly.

d.	 Students can draw logic conclusions based on the accumulated data.
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Table 3. Continue

No 
Science Literacy 

Skill
Level

5 Learners can de-
scribe and analyze 
one or more rela-
tionship issues of  
science technology 
and society as well 
as demonstrating 
a scientific under-
standing of  the 
application in daily 
life.

Beginner

a.	 Students cannot identify technology breakthrough and its 
relationship with science.

Middle

a.	 Students can identify technology breakthrough and its relationship 
with science.

b.	 Students can put the technology breakthrough in historical context.
c.	 Students can mention some effects of  technology toward society.

Advance

a.	 Students can identify technology breakthrough and its relationship 
with science.

b.	 Students can put the technology breakthrough in historical context.
c.	 Students can mention some effects of  technology toward society.
d.	 Students can explain one or more scientific technology principals.

Expert

a.	 Students can identify technology breakthrough and its relationship 
with science.

b.	 Students can put the technology breakthrough in historical context.
c.	 Students can mention some effects of  technology toward society.
d.	 Students can explain one or more scientific technology principals.
e.	 Students can describe some examples or future development of  

scientific technology in society

6 Learners can show 
the explanation of  
natural phenom-
ena with a logical 
understanding, 
experiment steps or 
applying the con-
cept of  science and 
technology

Beginner

a.	 Students can hardly identify logical explanation based on 
observation toward science phenomena.

Middle

a.	 Students can identify logical explanation based on observation 
toward science phenomena.

b.	 Students can identify mindset error or illogical explanation based 
on observation.

Advance

a.	 Students can identify several alternative logical explanations based 
on observation toward science phenomena.

b.	 Students can identify mindset error or illogical explanation based 
on observation.

Expert

a.	 Students can identify several alternative logical explanations based 
on observation toward science phenomena.

b.	 Students can identify mindset error or illogical explanation based 
on observation.

c.	 Students can evaluate some statements based on observation, 
experiment, or accumulated data.

(Adapted fromOECD, 2013; Gormally, 2012)
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the average score of  each of  the conditions that 
support student learning interest with the criteria 
of  very good. Likewise with the average score of  
each condition for student motivation is onvery 
good criteria.

Table 3 shows that there are 6 skills of  
scientific literacy which have multiple levels that 
have been developed by the researchers based on 
(OECD, 2013) that the skills of  scientific literacy 
will be owned by a person in different levels after 
varied learning process depending on the previous 
understanding, the current understanding of  the 
learning process and the ability of  learners in 
associating their understanding with the concept 
or other situations.

Some of  the findings in this study were 
based on results and strengthened byfacts during 
the learning. The findings in this study are as 
follows:
1.	 The validity of  the developed learning tools 

can be seen from the results of  the validity 
of  the RPP, Student Worksheet, teaching 
materials, assessment instruments of  
students’ learning outcomes (student attitude 
assessment instruments, testt instruments 
of  knowledge aspect, the performance test 
instrument), and scientific literacy skill 
test instrument.The guided inquiry model 
of  science learning for enhancing science 
literacy skill was declared valid.

2.	 Practicality of  science teachingmaterials 
developed through the implementation in 
tryout 1can be seen from:

a.	 The implementation of  lesson plan in 
MI teacher educationsemester 3 Unipdu 
Jombang in the learning process with two 
replicates in overall average scored 3.70 
categorized in good.

b.	 Student activities at tryout stage were 
appropriate with guided inquiry model. In 
observations, the prominent activity were to 
design, conduct experiments, and analyse 
experimental results.

3.	 The effectiveness of  the science materials 
through the implementation on trial I can be 
viewed from:

a.	Application of  the developed guided inquiry 
model of  science materialcould improve 
students’ learning outcomes: 1) the average 
n-gain of  knowledge aspectof  0.88 belonged 
to high category, 2) the average n-gain 
ofscientific processingskill of  0.75 belonged 
to high category and the average n-gain of  
psychomotor skill of  0.82 belongedto high 
category and 3) achievement of  attitude 
aspect reached good category.

b.	 Implementation of  the developedphysics 
learning materialswith guided inquiry 
model can improvescience literacy skill 
of  prospective MI teachers. The increase 
of  science literacy skills of  prospective MI 
teachers could be seen from n-gain of  the 
semester 3 obtained score of  0.85 with the 
high category.

c.	 Students’ responses were very positive 
toward the implementation of  science 
learning with guided inquiry model. The 
analysis of  students’ response data were: 
Attention4.20, Relevance 3.80, Confidence 
4.00, Satisfaction 3.95 and all belonged to 
good categorized.

4.	 The obstacles were: some students who had 
low academic plus low literacy skillsand 
students were still not yet familiar to guided 
inquiry learning model that mainly uses 
scientific processing skill and psychomotor 
in lab.

CONCLUSION

The results of  this study indicated that the 
guided inquiry science learning materials were 
valid, practical, and effective to enhance science 
literacy skills of  prospective MI teachers.
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ABSTRACT

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

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

Science learning in Indonesia that leads 
to the formation of  students’ scientific literacy is 
still rarely to do. Most of  the learning activity is 
still conducted conventionally and focus on stu-

dents’ conceptual mastery. One of  them is shown 
by the data quality measurement of  students’ 
science learning outcomes internationally. Indo-
nesian students’ scientific literacy skill in science 
concepts included in low category in 2009, it was 
in the number of  57 of  the 65 countries and in the 
number of  64 of  65 countries in 2012 (OECD, 
2013).

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

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

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

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

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

METHOD

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

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

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

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

Experiment group M       O       X       O

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

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

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

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

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

Tests of  Normality using Shapiro-Wilk test 
showed that the control and experimental groups 
were normalyl distributed (Sig. of  control group = 
0.216> α = 0.05 and Sig. of  experimental group = 
0.153> α = 0.05). Meanwhile Test of  homogenity 
using Lavene test also showed that pretest data of  
both groups varied homogeneously (Sig. Based of  
Mean = 0.475> α = 0.05). Hypothesis testing of  
students’ initial ability was done using Indepen-
dent Samples Test. Sig test Independent Samples 
Test = 0.388> α = 0.05 (H

0 
was accepted) so that 

it can be concluded there was no difference in the 
initial students’ scientific literacy ability both of  
control and experimental groups.

To see the improvement of  students’ scien-
tific literacy after applying STEM learning using 
6E Learning by DesignTM on temperature and its 
changes material, then hypotheses were formu-
lated; null hypothesis (H

0
 = There is no signifi-

cant difference of  scientific literacy improvement 
between  experimental and control group) and 
alternative hypothesis (Ha = There is significant 
difference of  scientific literacy improvement 
between  experimental and control group). To 
categorize the level of  scientific literacy improve-
ment, it used the data normalized gain (N-Gain). 
Interpretation (N-Gain) is (1) high = if  g ≥ 0.7; 
(2) average = if  0.7> g ≥ 0.3; (3) low = if  g <0.3. 
(Hake, 1998).

RESULT AND DISCUSSION

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

STEM learning using 6E learning by de-
signTM on temperature material was conducted 
through six steps of  learning. Step (1), Engage, 
aims to emerge students’ interest so students 
would actively participate in learning process. In 
this step students paid attention to pictures and 
illustrations of  story about the concept of  tempe-

Figure 2. Engineering Journal Design
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rature shown by teacher, it was to explore memo-
ries of  particles of  matter concept. Furthermore, 
students used the engineering journal design to 
identify what they have already known, what they 
need to know and what they need. Students also 
identified problems of   investigation of  the and “ 
the value of  humanity” that can be obtained by 
studying temperature material (example of  Engi-
neering journal design is presented in Figure 2). 

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

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

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

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

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

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

Figure 3. Pretest and posttest score of  students in 
temperature material

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

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

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

The improvement of  students’ scientific 
literacy who obtained STEM learning using 6E 
Learning by DesignTM Model in temperatures 
material was higher than  non-STEM learning. 
Scientific literacy is in line with STEM literacy, 
for example understanding the concepts and pro-
cedural skills and ability of  the individual to de-
monstrate STEM relation to the personal, social 
and global issues (Bybee, 2010). Students who 
obtained STEM learning will be more literate in 
STEM aspects, so students’ scientific literacy will 
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of  designing the investigation of  gas expansion 
in a balloon.

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

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

Figure 4. Pretest and posttest score of  students in 
expansion material

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

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

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

Group
N-Gain 
Average

Classification

Control 0,26 Low

Experiment 0,44 Moderate

automatically increase. This improvement also 
shows that the junior high school students can 
receive STEM learning, as well as Verma et al. 
(2011 that has successfully engaged students in 
STEM learning through 5E Learning Cycle.

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

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

STEM learning in expansion material was 
done through the same steps with temperature 
material. In expansion material, students were 
asked to design an investigation to prove that a 
matter can expand. Students did the same design 

Table 3. Research Result of  Both Steps

Fase
Score 

Average 
N-Gain 
Average

N-Gain 
Average

Category

1.	 STEM with 6E Learning by 
DesignTM  Model Temperature material

69 2,5 0,44 moderate

2.	 STEM with Model 6E Learning by 
DesignTM  Expansion material

68 2,55 0,44 moderate



99N. Khaeroningtyas, A. Permanasari, I. Hamidah / JPII 5 (1) (2016) 94-100

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

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

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

CONCLUSION

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

The purpose of  this study is to implement Baluran National Park-based Serious Game to enhance the students’ 
creative thinking skill and motivation to learn. The subject of  the study were 60 students of  SMP Negeri 1 Asem-
bagus, Situbondo regency. The sample was divided into three groups. Two groups were chosen as experimental 
classes and the other group as the control class. Both of  the experimental groups were given treatment using seri-
ous game based on Baluran National Park. The instruments used were observation sheet, pre-test, and post-test. 
Baluran National Parks-based serious game was effective in improving the students’ creative thinking skill and 
motivation to learn science subjects.

© 2016 Science Education Study Program FMIPA UNNES Semarang

Keywords: Baluran National Park, Creative Thinking Skill, Serious Game.

INTRODUCTION

Upon entering the 21st century, there is a 
huge paradigm shift in the education process in 
Indonesia since there is an urgent need to balance 
our education quality toward international educa-
tion level. One of the changes was the integration 
between the learning processes with digital service. 
The emergence of various types of learning techno-
logies has encouraged educators, researchers, teach-
ers and other practitioners to utilize this particular 
tool (Santally, 2005). Many believed that the use of 
digital media can improve student learning, increase 
student engagement and more effective manage-
ment in learning (Perrotta, 2013). Forms of digital 
media include television, movies, games, music and 
internet (Padilla et al., 2012). Based on the afore-
mentioned medias, the digital media which gives 
integrated factors of playing activities, challenges, 
and education is game. Nowadays, people are sti-
mulated by the use of games for entertainment and 

playing facility (Girard et al., 2013). It was gene-
rally agreed that a very important reason why game 
have a positive effect on learning is because games 
provide live experience of user involvement (Cheng 
et al., 2015).

Game is an electronic media with the three 
key attributes that displays visual content, inte-
ractive, and entertainment. It also has various 
formats, applications and design. A digital game 
is divided into several types including traditional 
play (game watch), computer games, and web-
based games (online) (Cheng et al., 2016). With 
main focus of  educational purposes, a game will 
be called as a serious game to educate the players 
through pleasant experience (Chiu et al., 2015; 
Mortara et al., 2014). Serious game is a form of  
new topology designed for education and training 
(Arnab et al., 2015). There are five characteristics 
in games such as: (1) Game is freedom; (2) The 
game play has no risk in real life; (3) The locati-
on and time is different with real life; (4) Playing 
game needs something ideal; (5) Playing a game 
has nothing to do with the material or profits. 

*Alamat korespondensi: 
 Email: pramudya.fkip@unej.ac.id
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Based on the genre, serious game is divided into 
adventure, simulation, quiz, strategy, action and 
fighting games.

Dindar & Akbulut (2015) stated that the 
high anxiety level when playing games will redu-
ce the motivation to use the game. While doing 
the research, it is necessary to review the serious 
game related with the genre and the cost so that 
the players feel comfortable in playing the game. 
For the convenience, the things need to be deve-
loped in a serious game is the dynamics and the 
environment. We assumed that the components 
(avatars, levels, unlocking content, leader boards, 
achievements, virtual view, point, team and bad-
ges) should be adapted to the environment and 
needs to be specified (Kocadere & Caglar, 2015).

Natural Science is a study that is based on 
the construction of  knowledge through scientific 
activities and evaluation of  empirical evidence 
(Decristan et al., 2015). It is more commonly 
known by the student that science has a symbol 
that represents an idea or concept (e.g. force, 
energy, chemical bonds) and has an analogy in 
the form of  formulas, diagrams, graphics and si-
mulations (Tang et al., 2014). In its development, 
science undergoes various changes in the teach-
ing and learning process. Many kinds of  methods 
had been proposed and applied to provide a good 
concept understanding for the students. Teachers 
and researchers had conducted mammoth expe-
riments to teach science as effectively as possible. 
Many of  those people had changed the teaching 
methods with the investigation, used a great deal 
of  learning media, or even used the computer net-
work such as the simulation to teach science. But 
various models are often polished with the overs-
tatement of  the effects on the students’ learning 
process while ignoring social skills, emotional 
and motivational shifts (Rutten et al., 2012). For 
example, the use of  games in learning does not 
do good in learning activities (Dobrowolski et al. 
,, 2015; Shalom et al., 2015).

In the east part of  Java island, there are 
three National Parks that provide rich forms of  
biodiversity. One of  them is Baluran National 
Park, an area located in the border of  Situbon-
do and Banyuwangi regencies, which inhabited 
by a lot of  animals and plants endemic. Baluran 
National Park is often used as learning reference, 
especially in recognizing living and inanimate ob-
jects. This park is located in a very spacious area, 
divided into four major areas such as evergreen, 
savannah, mangroves and Bama beach becomes 
an obstacle in the learning process. To investiga-
te the whole area will require a lot of  time and 
expense, thus teachers often ignore the learning 

process based on the real world. Therefore, we 
need to develop a learning material in the form 
of  Baluran National Park-based game to improve 
creative thinking skills and student motivation.

METHOD

The study was first started by selecting the 
control class and experimental class using cluster 
random sampling. The purpose of  this study was 
to determine the impact of  the use of  Baluran 
National Park-based serious games on creative 
thinking skills of  students and students’ motiva-
tion. The main subject applied into the game is 
object classification and their biotic and abiotic 
environment. Sixty junior high school students 
participated in this research with an average age 
of  12.53 years (SD = 1.49 years). Experimen-
tal classes are divided into two groups: the first 
group was taught using Baluran National Park-
based game and was complemented with manual 
modules of  Baluran National Park while the ot-
her experimental class was solely given the Balu-
ran National Park-based game. The control class 
learned without the use of  both serious game and 
manual modules.

The main instrument in this research is 
the serious games that had been developed based 
on Baluran National Park. To find out the data 
of  students’ motivation, a questionnaire was 
constructed using Likert scale with value of  1-5 
(1 = disagree, 5 = strongly agree) depended on 
their choice. We also developed evaluation sheets 
for the pre-test and post-test that described the 
students’ creative thinking skill level. Creative 
thinking skill indicators are developed by (Ku, 
2015) in which it includes validity, flexibility, no-
velty and originality. Creativity is not just ideas, 
products and knowledge but also the involvement 
in the process of  creative thinking. The instru-
ment had been tested for 60 other students for the 
limited preliminary test. The reliability of  instru-
ments is shown in Table 1.

The serious game was developed based 
on the real ecosystem in Baluran National Park. 
There were 4 different levels as the miniature of  
the real things: evergreen, savannah, mangro-
ve and Bama beach. Each level target could be 
completed by students after solving the existing 
problems. After the development process, the va-
lidity test was conducted by two experts in scien-
ce and learning media. The results of  the expert 
validation are shown in Table 2.

Prior to the learning activity, all partici-
pants took part in the pre-test for 50 minutes. Pre-
test was used to measure students’ creative thin-
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king skill before the treatment was given. Pre-test 
sheet contained questions about creative thinking 
skills and motivation to learn science. Learning 
was held for 3 weeks consisted of  two meetings 
per week with the duration of  100 minutes. The 
topics taught were: differences in living and non-
living objects; solid, liquid and gas; elements and 
compounds. Each week the experimental classes 
were given the chance to play the serious game in 
the time span of  30 minutes. At the end of  the ac-
tivities, we carried out a post-test for 50 minutes.

RESULT AND DISCUSSION

Before the implementation of  the game 
based on Baluran National Park, the researchers 
first examined students’ learning outcomes ob-
tained in SMP Negeri 1 Asembagus. After that, 
we did field studies to copy the setting and to re-
cord various activities in Baluran National Park. 
The essence of  this activity is to make the minia-

ture version of  the ecosystem as the game input.
Baluran National Park-based game is a 

side scrolling platform game with simple game 
play. Players need to take a particular item and 
avoid certain items, and they will go through four 
levels of  Savannah, Evergreen, Beach, and Mang-
rove. Player will act as a Forest Ranger Hero who 
protects Baluran National Park plagued by Ani-
mal Treasure Hunter. At the end of  each level, 
the player must beat the boss hunter to win the 
game. This game belongs to the “Serious Game: 
Game-based learning” which has the objective to 
provide knowledge and information through vi-
sualization within the game about animals, plants 
and abiotic environment in Baluran National 
Park. Additionally, the Banna game also provides 
a learning process to preserve Baluran National 
Park conservation area.

Figure 2 shows the display of  games in 
Baluran National Park-based game. The inter-
action between users and game is through tap 

Table 1. Cronbach Alpha value of  the instruments

Intrument
Number of  

question
Cronbach 

alpha
Description

Motivation 20 0.901 High

Validity 5 0.922 High

Flexibility 5 0.830 High

Novelty 5 0.730 Acceptable

Originality 5 0.780 Acceptable

Table 2 The expert validation of  SGs

Aspect Value Criteria and Judgment

Display
Layout
Icon use
Image proportion
Sound effect
Language
Characters
Contrast

3.5
3.0
3.5
3.0
3.0
3.0
3.0

good
reasonable
good
reasonable
reasonable
reasonable
reasonable

Content
Contextual Problem
Information 
Not causing misconceptions
Conformity of  the story

3.0
4.0
3.5
3.0

reasonable
good
good
reasonable

Access
Games format
Facility
Network

4.0
3.5
2.0

good
good
medium

Average value 3.21 Good
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(Click). This makes the users play more comfor-
tably compared to keyboard usage (Imbellone et 
al., 2015). Therefore, students can concentrate 
more on the educational content rather than thin-
king on how to use the game. After the module is 
declared valid (Table 2) by the validation experts, 
the game based on Baluran National Park is app-
lied into the lesson. The results for the experimen-
tal class 1, experimental class 2 and control class 
can be viewed in Table 4.

Table 4 shows the results obtained in both 
learning using video games (experimental groups) 
and the control class. After the application of  the 
games, most participants got a good value (M = 
73.25 and 71.70). To be more specific, the post 
hoc test showed that learning by using video ga-
mes resulted on better outcomes. To determine 
the effectiveness of  the product, we carried out 
the effect size (ES) test and obtained a score of  
0.67 with the average criteria. This proved that 
the use of  video games based on the environment 
gave impact on student learning outcomes.

The motivation of  the experimental clas-
ses’ students was average with (M = 66.50 and 
68.63). Since there were differences in learning 
outcomes between the experimental classes and 

control class (psig <0.05), we could do a further 
test using post hoc and found out that motivati-
on of  experimental classes’ students was better 
than the control class. The use of  game scored 
ES = 0.89 with high judgment value. Junior 
high school students were motivated by the use 
of  environment-based games learning. This is in 
line with the character of  the students at the be-
ginning of  formal operating conditions. Jackson 
et al. (2012) found that the use of  games to 12 
years old children causes a multi-dimensional re-
lationship of  creativity. Learning through games 
eases the students to understand the environmen-
tal development, think creatively and be active in 
improving the digital society (Navarrete, 2013). 
The continuous development of  the digital envi-
ronment around students made them responsive 
to their new environment. Based on Sun et al. 
(2015), there are three advantages of  using games 
in learning; a means of  entertainment, building 
motivation and developing collaboration attitude.

There were two hypotheses that had been 
tested in this study. The first is the effect of  the 
use of  environment-based game toward students’ 
creative thinking skill. The game was proven ef-
fective in improving students’ creative thinking 

Gambar 2. Example of  the developed SGs
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the facts, finding the problem and resolving prob-
lems. In this environment-based game, students 
were projected to think divergently resulting on 
several alternative answers. Lee & Therriault 
(2013) states that divergent thinking is a form of  
creative critical process, and it is a form of  orien-
tation of  many solutions to solve problems. Some 
of  students’ solutions were then evaluated as dis-
cussions in learning activities.

The element of  novelty is inherent in the 
process of  creative thinking (Gillebaart et al., 
2013). Unfortunately, students scored low in this 
department. Novelty indicators stressed on the 
ideas for solution to problems in Baluran Natio-
nal Park. Most students only justified the answers 
submitted by others. The good news was in the 
experimental class 1 where in addition to using 
video games, students were also guided by the 
instructions to play the game, they got a more 
structured answers in analyzing the problem. Stu-
dents were able to combine all the instructions to 
be practiced on the game. This visual advantage 
made the students organize his knowledge. Mar-
tin & Schwartz (2014) has revealed that the use 
of  visual media will help a lot in terms of  creative 
thinking of  students. In this class, the researchers 
obtained a more varied alternative answers. In 
addition, students were also able to evaluate the 
answers they found. Students then select the most 
effective response in protecting biotic and abiotic 
environment in the region of  Baluran National 
Park.

Novelty and originality are interconnected 
indicators in creative thinking. This relationship 
is related to their breakthrough, uncommon, and 
practical idea (Yoon, et al., 2015). The target to 
reach 65% for these indicators was too difficult. 
The lacking in generating ideas was caused by 
students’ unfamiliarity with the model of  creative 
thinking skill training. Students mostly still ten-
ded to follow others. Students’ independence in 
deciding a problem remained low. Evaluation to 

skill. This gaming media provided knowledge to 
students about the environment around the Balu-
ran National Park. The students acquired the skill 
through observation, active interaction with the 
characters, performing repetitious experiments 
and interpreting the core part of  the games asso-
ciated with environmental effect in real life. This 
kind of  game provides an interaction for players 
to learn how the avatars think about the environ-
mental issues (Huang and Yeh, 2016). Therefore, 
in this game was divided into four different levels 
with varied avatars.

The use of  Baluran National Park as the 
basis of  the game had a significant impact in imp-
roving students’ skill of  creative thinking because 
most students of  SMP N 1 Asembagus had vi-
sited Baluran National Park. Hawthorne et al., 
(2016) states that creativity test can be simulated 
in the real world. The state of  the real world was 
made into a miniature in the form of  role playing. 
Role playing allows individual to enrich creativity 
(Dyson et al., 2016). The ideal condition in the 
game enabled students to repeat the game against 
a failure. This repetition allowed students to plan 
better steps to pass certain level. This continuo-
us experience caused students to be familiar with 
the game. The students did not solely pursue the 
completion of  game, but they also devised a new 
strategy to be shared with others.

Through this game, the students owned 
the observation skill of  the situation in Baluran 
National Park. They could even learn real expe-
riences and generate real solutions through this 
game. Facing the environmental problem on the 
Baluran National Park that endangered the exis-
tence of  biotic and abiotic environment, the stu-
dents could suggest many solutions. For example, 
a student proposed to inhibit the rate of  growth 
of  acacia trees (acacia denticulosa) since it thre-
atened the population of  Java Bull (Bos javani-
cus). The achievement of  flexibility indicators 
was done through the stages of  the discovery of  

Table 4. Analysis result using one way annova

Class Pre-test mean Post-test mean SD Sig Posthoc

Critical Thinking

(1) Exp 1 54.45 73.25 12.02 .035 1>3,2

(2) Exp 2 52.67 71.70 8.21

(3) Control 53.20 64.17 13.63

Motivation

Exp 1 40.62 66.50 7.36 .027 2>3,1

Exp 2 39.40 68.63 10.24

Control 40.12 61.18 8.35
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the serious game is the lack of  verbal concepts 
explanation so that students did not know the im-
portant concepts implied in the game. Huang et 
al., (2013); Ulger, (2015) suggested that the visual 
and verbal material can be used as narrative and 
presentation to the development of  creative thin-
king ability of  students.

The game was developed to make the 
students happy and competitive in solving the 
existing problems. The adventure genre and the 
competition factor in play provided motivation 
for students to learn. Capturing real word set-
ting impacted on the increased motivation for 
players (Kahn et al., 2015). Learning by using 
games instills emotional stimuli to the students 
to quickly accomplish tasks within the game. 
Design of  each level in the game was created to 
trigger students to do the challenges. Giammarco 
et al. (2015) states that a game player’s passion 
is to complete the challenge and go to the next 
level. Development of  Environment-based game 
inspired by Baluran National Park had increased 
student’s motivation to learn science especially in 
biotic and abiotic subjects.

Limitation of  this study was the narrow 
scope of  use. The selected sample was only a 
school near the Baluran National Park. It was 
suspected to influence the results since the stu-
dent had already known almost everything about 
Baluran National Park. In addition there were 
students who had a high level of  emotional anxie-
ty that tended to disturb the motivation to learn. 
Further research needs to be conducted to deter-
mine the value of  how much the level of  anxiety 
in the learning process in using game influences 
the outcomes. Selection of  larger samples is also 
necessary to give birth to a more reliable result.

CONCLUSION

There were different results (creative thin-
king skills and motivation to learn) for the expe-
rimental classes and the control class. The expe-
rimental classes showed higher creative thinking 
skill while using a environment-based serius 
game inspired by Baluran National Park. The 
use of  Baluran National Park-based Serious Ga-
mes scored 0.67 in effectiveness (medium) to the 
creative thinking skill of  students. The students’ 
motivation resulted of  0.89 in effectiveness (high) 
through the use of  this serious game. The finding 
in this study suggested that students of  SMP Ne-
geri 1 Asembagus would be more optimal in lear-
ning when they were supplied with both Serious 
Games and a module that was oriented to the sur-
rounding environment.
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ABSTRACT

The learning achievement of  high school students of  Malang city in physics was still low, thus the appropriate
learning strategies was necessaryto optimize the physics learning achievement. V diagram procedural scaffoldin-
gin Group Investigation was designed with the aim to optimize student learning achievement. The purpose of  this
study was to examine differences in learning achievement of  groups of  students who learn through Scaffolding
Procedural strategies in Group Investigation and groups of  students who are studying with Group Investigation,
to examine differences in student achievement between thosewith high and low prior knowledge levels, and to
examine the interaction between learning strategies (procedural scaffolding in GI and GI) and initial knowledge
of  students towardlearning achievement. The method used in this study wasquasi-experimental.The design used
in this study was Two Factorial Design consisted of  two experimental classes and two control classes each. The
results indicated that learning achievement group of  students who learn through proceduralscaffolding in Group
Investigation was higher than the group of  students who are studying with Group Investigation. The learning
achievements of  students with high prior knowledge surpassed those with low prior knowledge. Last, there was
an interaction between the learning strategies and prior knowledge of  students toward learning achievement.

© 2016 Science Education Study Program FMIPA UNNES Semarang

Keywords: Group Investigation, Learning Achievement, Prior Knowledge, Procedural Scaffolding, V Diagram.

INTRODUCTION

The learning achievement is a major factor
for the success of a lesson. The learning achieve-
ment is of paramount importance in determining
the quality of students. However, academic achie-
vement of senior high school students in Malang in
physics was still low. This could be seen from the
results of a national exam results which suggested
that the average score of physics in Indonesia was
not yet satisfactory. Average results of physics Na-
tional Examination in Malang was lowest (Malang
City 32, Malang regency 34, and Batu 38) among
38 cities and regencies in East Java (BSNP, 2013).

This wasprobably caused by teachers pro-
vide inappropriate learning related with students’

prior knowledge in which some had high prior
knowledge, but others were low. Students with
higher prior knowledge tend to score higher than
students whose prior knowledge initially low
(Laili, 2014). Koes (2013) also reported that stu-
dents with higher level of  initial knowledge ob-
tained a higher average physics score than those
with low initial levels of  knowledge. Students
who hadsufficient prior knowledge would be able
to follow the learning process well, causing them
to get better learning results.

In a real class, students’ prior knowledge
varies greatly and making it difficult for teachers
in implementing the learning activities. Varia-
tions of  initial knowledge should serve as a gui-
deline for giving lessons. As the result, a teacher
might not be able to provide appropriate learning
to each student with different initial knowledge
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because of  the large number of  students in the
class. This obstacle can be overcomed by the pro-
vision of  scaffolding.

Scaffolding is a way to facilitate various
initial knowledge levels of  students in the class.
Puntambekar & Hubscher (2005) states that the
scaffolding can help students to resolve comp-
lex problems, provide a structure for organizing
scientific arguments and explanations, or furt-
her highlight the process of  science. Scaffolding
can also help teachers in the classroom which all
groups cannot be monitored every time.

Procedural scaffolding is a relief  that uti-
lizes the available resources and tools (Yu et al.,
2013). Procedural scaffolding isseries of  procedu-
ral steps that must be passed and followed by the
students. It also includes sequences that will be
pursued in the search for a solution through expe-
riments. Procedural scaffolding is used to guide
students in doing experiments in the laboratory.
Procedural scaffolding can improve their under-
standing of  physics concepts (Laili, 2014) and the
quality of  student questions (Yu et al., 2013).

V diagram is one of  the procedural scaf-
folding. V diagram helps students to link the
concepts of  science and designing investigations
(Knaggs & Schneider, 2012), making learning
more meaningful and effective, developing com-
munication skill and scientific processing skills
(Keles & Ozsoy, 2009). V diagram is an ideal tool
to help students understand how a concept can
be related to the others (Calals, 2009). V diag-
ram can also develop students’ knowledge in an
organized and meaningful way (Tekes & Gonen,
2012).

V diagram can be applied in various lear-
ning, one of  which is the cooperative learning.
Jbeili (2012) suggests that the cooperative lear-
ning with scaffolding can improve conceptu-
al understanding and procedural capabilities.
O’Donnell et al. (2002) also added that students
who use scaffolding on cooperative learning can
learn more effectively. In cooperative learning,
students will learn more effectively when they
actively engaged in sharing ideas and working
together to accomplish a task (Ebrahim, 2012).
Pickles and Tarhan (2008) discovered that during
the discussion during cooperative learning, stu-
dents use their prior knowledge and experience,
to think, to discuss, to share knowledge, and to
apply the concepts acquired in a variety of  other
conditions.

One model in cooperative learning is the
Group Investigation (GI). Group Investigation is
a cooperative learning strategy in which students
work in small groups to investigate a topic of

learning (Kagan &Kagan, 2009). When the GI
modelis applied in the classroom, the studentsare
responsible for choosing their own topic of  inqui-
ry, problem formulation, planning and conduc-
ting investigations in various ways, and sharingt-
heir findings (Oh & Shin, 2005). Therefore, GI
model can optimize students’ achievement.

The study consisted of  three focuses: (1)
How is the learning achievement of  a group of
students who learn through Procedural Scaffol-
ding strategy in Group Investigation compared
to the group of  students who are studying with
only Group Investigation (2) How is the learning
achievement of  students who have a higher prior
knowledge than group students who have a low
level of  prior knowledge (3) Is there any interac-
tions between the learning strategies (procedural
scaffolding in GI and pure GI) and initial kno-
wledge of  students toward student achievement.

METHOD

The method used in this study is a quasi-
experimental method (Quasi Experimental De-
sign). The design of  the study was Two Factorial
Design consisted of  the experimental group and
the control group. The difference in treatment
between the experimental class and control class
laid in the applied model to both classes. The ex-
periment class would useProcedural Scaffolding
in Group Investigation, while the control class
only applied Group Investigation model.

The study population was students ofscien-
ce classes XI of  SMA N 3 Malang in academic
year 2015/2016 who are divided in seven paral-
lel classes. The sample in this study was taken
using cluster sampling technique. This study used
samples of  2 experimental classes and 2 cont-
rol classes. Two classes of  experimental were
XI MIA 1 and XI MIA 2, while the two cont-
rol classes were XI MIA 3 and XI MIA 4. The
free variable in this research was the Procedural
Scaffolding in Group Investigation and GroupIn-
vestigation, while the dependent variable was the
learning achievement. The moderator variable
was the initial knowledge.

The instrument used in this study con-
sisted of  treatment instruments and measuring
instruments. The treatment instrument is pro-
cedural scaffolding students worksheet Scaffol-
ding in the form of  Vdiagram. The measurement
instruments were the initial knowledge tests and
achievement tests.Initialknowledge test was used
to determine students’ prior knowledge before
the experiment, thus we achieved data showed
groups of  students with low initial knowledge
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and groups of  students with high prior know-
ledge. In this study, we recorded students’ initial
knowledge of  physics in vectors, Newton’s law,
energy and effort. The achievement test was ma-
terial dynamics of  rotation in multiple choice for-
mat. Before applied, the entire instrumentswere
validated by two expert lecturers and the questi-
ons were tried out.

Test analysis consisted of  normality and
homogeneity tests. The analysis was performed
using SPSS 16.0 for Windows with Kolmogorov-
Smirnovmethod. Homogeneity test was perfor-
med using Levene test through One WayAnova.
Afterthe premilinary analysis was completedand
the target was met, then the hypothesis was tested
using by two lanesAnova. Hypothesis test was to
test the differences in student achievement after
studied using Procedural Scaffolding on GI and
pure GI, as well as to see the interaction between
the learning using Procedural Scaffolding on GI
and prior knowledge on student achievement.

RESULT AND DISCUSSION

Description of Prior Knowledge Data
The initial knowledge test was given to 59

students of  experimental class and 62 students of
control class. Data from this test wasthen sorted
from the biggest score to the smallest one. Furt-
hermore, the initial knowledge test result data
were grouped into high initial knowledge and low
prior knowledge groups. Grouping of  initial kno-
wledge based on the combined average score of
all classes resulted of  13.04. Based on the classifi-
cation, 74 students had high prior knowledge and
those with low prior knowledge amounted for 47
students. The number represented the combined
students of  experimental classes and control clas-
ses. In experimental classes, there were 33 stu-
dents with high prior knowledge and 26 students
with low prior knowledge. While there were 35
high prior knowledge students and 27 students
with low prior knowledge in control classes. The
statistic of  prior knowledge data can be seen in
Table 1.

Based on Table 1, the initial knowledge sco-
re in the experimental class with 59 respondents
had a minimum score of  6.00, maximum score
of  25.00, average score of  13.28, and a standard
deviation of  3.73. Prior knowledge on the control

class with 62 students obtained a minimum score
of  6.00, maximum score of  22.00, average score
of  12.81, and a standard deviation of  3.54. Based
on the table, we could conclude that the average
prior knowledge score in the experimental class at
13.28 was higher than the average score of  prior
knowledge in control class at 12.81.

Description of  the initial knowledge data
of  experimental classes and control classes grou-
ped into high prior knowledge and low prior kno-
wledgewere summarized in Table 2.

According to table 2, the high prior know-
ledge students in experimental classes high with
the amount of  33 students hadminimum score
of  13.00, maximum score is 25.00, average score
of  15.54, and standard deviation score of  3, 39.
While 26 low prior knowledge students in expe-
rimental classesresulted on minimum score of
6.00, maximum score of  12.00, average score of
10.42, and standard deviation score of  1.53.

35 students with high prior knowledge in
control classesachievedminimum score of  13.00,
maximum score of  22.00, average score of  15.08,
and standard deviation score of  2.67. While as
many as 27 students with low prior knowledge in
control classesgot minimum score of  6.00, maxi-
mum score of  12.00, average score of  9.85, and
standard deviation score of  2.03.

Based on Table 2 can be explained that the
average score of  high prior knowledge in expe-
rimental classesat 15.54 wasbetter than the high
initial knowledge students in control classesat
15.08. In addition, the average score of  low initial
knowledge in the experimental classes at 10.42
wasalso better than those on control class at 9.85.

Description of Learning Achievement Data
The data were obtained from learning

achievement instruments in the form of  16 mul-
tiple choice questions with the material of  the
rotational dynamics and rigid body equilibrium.
Learning achievement test was conducted after
the treatment completed. This test was conducted
for 75 minutes. The description of  learning achie-
vement data in the experimental classes and cont-
rol classescould be seen in Table 3.

Based on Table 3, the learning achieve-
ment of  59 students in experimental classespro-
duced minimum score of  8.00, maximum score
of  15.00, average score of  10.36, and standard

Table 1. Statistical Description of  Prior Knowledge Data

N Minimum Maximum Mean Std. Deviation

Experimental classes 59 6.00 25.00 13.2881 3.73266

Control classes 62 6.00 22.00 12.8065 3.54752
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deviation of  1.72. Meanwhile, the learning achie-
vement of  62 students in control classes obtained
minimum score of  6.00, maximum score of  13.00,
average score of  9.76, and a standard deviation of
1.93. Based on the table it can be explained that
the average score of  the learning achievement in
the experimental class at 10.36 is higher than the
average score of  the learning achievement in the
control class at 9.76.

Description of  achievement data of  both
classes grouped into high prior knowledge and
low prior knowledge were listed in Table 4.

In table 4, we can observe the learning
achievement of  39 students with high prior kno-
wledge in experimental classes gained minimum
score of  8.00, maximum score of  15.00, average
score of  10.46, and standard deviation score of
1.86, while learning achievement of  20 low prior
knowledge students in experimental classesrecei-
ved minimum score of  8.00, maximum score of
12.00, average score of  10.15, and standard devi-
ation score of  1.42.

The learning achievement of  35 students
with high prior knowledge in control classes
gained minimum score of  8.00, maximum sco-
re of  13.00, average score of  10.80, and standard

deviation score of  1.39, while learning achieve-
ment of  27 low prior knowledge students in cont-
rol classesreceived minimum score of  6.00, maxi-
mum score of  12.00, average score of  8.41, and
standard deviation score of  1.72.

The average learning achievement score of
students with high initial knowledge in the expe-
rimental classesat 10.46 was higher than those in
the control class at 10.80. Also, the average lear-
ning achievement score of  studentswith low ini-
tial knowledge of  the experimental classat 10.15
was higher than those in control classesat 8.41.

Normality and Homogeneity Tests
Based on the test of  normality using Kol-

mogorov - Smirnov on learning achievement
scores, the experimental classes learning achieve-
ment scores were normally distributed with sig-
nificance of  0.233> 0.05 and the control classes
learning achievement scores were also normal-
ly distributed with significance of  0.352> 0.05.
Based on the analysis the researchers concluded
that the distribution of  learning achievement data
in both experimentaland control classes were
normally distributed and metthe intended requi-
rements.

Table 2. Statistical Description of  Students with High Prior Knowledge and Low Prior Knowledge

N Minimum Maximum Mean Std. Deviation

High prior knowledge experimental
classes

33 13.00 25.00 15.5455 3.39200

Low prior knowledge experimental
classes

26 6.00 12.00 10.4231 1.52769

High prior knowledge experimental
classes

35 13.00 22.00 15.0857 2.67198

High prior knowledge experimental
classes

27 6.00 12.00 9.8519 2.03250

Table 3 Statistical Description of  Learning Achievement in Experimental and Control Classes

N Minimum Maximum Mean Std. Deviation

Experimental classes 59 8.00 15.00 10.3559 1.71969

Control classes 62 6.00 13.00 9.7581 1.93912

Table 4 Statistical Description of  Learning Achievement Data of  High and Low Prior Knowledge in
both Experimental and Control Classes

N Minimum Maximum Mean
Std. Devia-

tion

High prior knowledge experimental classes 39 8.00 15.00 10.4615 1.86161

Low prior knowledge experimental classes 20 8.00 12.00 10.1500 1.42441

High prior knowledge control classes 35 8.00 13.00 10.8000 1.38903

Low prior knowledge control classes 27 6.00 12.00 8.4074 1.71552
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materials rather than the procedures during prac-
ticum.

Students who solely studied using Group
Investigation could only explain the achieved
data afterpracticum. Studentscouldnot develop
the research result. They also did not have high
curiosity because when the teacher gave reinfor-
cement material, students simply observed and
recorded without any question.

This research was supported by the fin-
dings of  Cagiltay (2006) who found that the pro-
cedural scaffolding supports the design and deve-
lops self-learning activities. Yu et al. (2013) found
that the use of  procedural scaffolding supports
students in learning activities. The results of  stu-
dents who use procedural scaffolding are better
than students without using scaffolding-procedu-
ral (Yu et al., 2013). Hsu et al. (2014) revealed
that the scaffolding greatly assists the process of
investigation and the developmentof  understan-
ding toward a concept.

Results of Second Hypothesis Tests
Test results obtained from analysis of  two

lanes variance F
count

was 19.39 with significance
of  0.00 < 0.05. It can be concluded that the null
hypothesis (H

o
) was rejected, meaning that the

learning achievements of  students with high of
prior knowledge were different from those with
low prior knowledge. From the average score of
all students, it could be concluded that the avera-
ge score of  students’ learning achievement with
high prior knowledge at 10.62 was higher than
the group of  students studying with Group Inves-
tigation at 9.15.

The results of  observations in the class-
room displayed that the students with high ini-
tial knowledge showed tendency to dominate the
class. The students seemed to pay serious atten-
tion to the learning process and askedanything
they had not yet understood. When teachers as-
kedthem tosolve the problems, students with high
prior knowledge gave direct response and did the
tasks.

High prior knowledge students often as-
kedmore complex questions. This was in line with
Taboada & Guthrie (2006) that students’ questi-
onsare positively associated with reading ability.
Students with high initial knowledge in particular
domain tended to have a better question propor-
tion or higher level questions than those with low
prior knowledge.

Prior knowledge is a prerequisite to learn
new knowledge. The more relevant the prior
knowledge of  the students, it wouldease them to
learn new things. Prior knowledge is a prerequisi-

Based on homogeneity test using Levene’s
test, thelearning achievement in the experimental
and control classes were homogeneous with sig-
nificance of  0.26> 0.05. Based on the results of
this analysis the test prerequisites were met.

First Hypothesis Test Result
Two line ANOVA analysis resulted on

F
count

of  5,228 with a value of  0,024 < 0.05. It can
be concluded that the null hypothesis (Ho) was
rejected, meaning that the learning achievement
of  groups of  students who learned using Pro-
cedural Scaffolding in Group Investigation were
different with a group of  students studying with
only Group Investigation. The average scores of
learning achievement of  groups of  students who
learned through the Scaffolding Procedural with
Group Investigation at10.36 was higher than the
group of  students studying with Group Investiga-
tion at 9.76.

Learning usingV diagram procedural scaf-
foldingprovided an opportunity for students to
have discussion. Formation of  each group of  stu-
dents with heterogeneous prior knowledge could
help the interaction between friends in a group.
Students with high prior knowledge could assist
students with low prior knowledge. The interrac-
tion could facilitate students to build knowledge
together, so they could get higher learning achie-
vement.

The interaction occured in a class could
help students in improving learning achievement.
Fatokun & Omenesa (2015) states that classroom
interaction can increase students’ interest and-
material understandingleading to higher learning
achievement. In addition, teachers also need to
connect students’ initial knowledge with the lear-
ning process to help students to understand scien-
ce concepts.

V diagram procedural scaffolding strate-
gies in GI brought positive impact on learning
achievement. That was because this strategy pro-
vided an excellent mean for students to engage
fully in dialogue to solve the problem with high
success rate. This engagement clearly supported
the increase in student achievement.

The results of  classroom observations on
learning using procedural scaffolding in GI sho-
wed that students could explain the relevance
within practicum and the material to be studied.
Based on the results, students were able to explain
some of  the related material. Moreover, students
could develop the results obtained. In addition,
during the learning process students’ curiosity in
procedural scaffolding V diagram in GI was very
visible since students often asked the about the
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te occurrence of  meaningful learning. Initial kno-
wledge can serve as a foundation of  learning that
can help students’ understand a concept.

High initial knowledge students wouldfind
it easy to transfer the knowledge they possessed
to receive new knowledge and applied the phy-
sics concepts in a problem that required some
variation and suggested new things. Low initial
knowledge students still had difficulty to suggest
some variation and novelty related to the concept
of  physics. Thompson & Zamboanga (2004) sta-
ted that prior knowledge affects students in accep-
ting new knowledge. Pror knowledge influences a
person’s response whenfacing new situations and
contributing to learning of  new knowledge.

Ionas et.al. (2012) states that when stu-
dents have an understanding of  separated con-
cepts, when trying to accept new information,
they do not pay attention to the relationships bet-
ween concepts, thus students understand the new
concepts separately and are not able to connect
between concepts. Therefore, in case of  learning
new knowledge, students should look for the cir-
cumstances, concepts or processes in theirmind
to construct new knowledge or to solve new prob-
lems.

Seery (2009) states that the initial knowled-
ge has a strong influence on student performance.
It essentially constructsstudents’ frame of  mind.
In addition, students with high initial knowledge
will have the better confidence and tend to have
a positive attitude. Ionas et.al. (2012) stated that
prior knowledge impacts on the effectiveness of
self-explanation in solving chemistry problem.
The higherthe initial chemical knowledge, the
strongerhis self-explanation will get. Meanwhile,
students with low initial knowledge will experien-
ce difficulty in doing self-explanation.

Third Hypothesis Test Results
The analysis oftwo lanes variance test re-

sulted on F
count

of  11.48 with significance of  0.001
< 0.05. It could be concluded that the null hypot-
hesis (H

o
) was rejected, meaning that there was

an interaction between the learning strategies and
students’ prior knowledge to the learning achie-
vement.This might occur because theV diagram
procedural scaffolding provides the opportunities
for students to understand and solve the prob-
lemsby themselves. All students were given equal
chances to be actively involved in the learning
process, to take part ininvestigating subtopics,
and discussions. In discussion, students of  both
high and low prior knowledges help each other to
construct new knowledge together. This optimal
involvement caused the V diagram procedural

scaffolding strategy in GI could influence on stu-
dent learning achievement of  physics.

Observation results showed that in the
learning usingV diagram procedural scaffolding
in GI, students withhigh prior knowledgeable
were faster in investigating sub topic by following
the scaffolding listed on the students’ worksheet
those with low prior knowledge, thus it enabled
them to help others in their groups. In addition,
students with low initial knowledge solved the
problems with the help of  high prior knowled-
gestudents. That is why,students with high prior
knowledge indirectly increased students with low
prior knowledge’s physics learning achievement.
This ultimately caused the difference in learning
achievement among students with high and low
initial knowledge.

These results are consistent with a study by
Reisslein et al. (2007) who found that there isin-
teraction between prior knowledge and learning
strategies.Reisslein also stated that the enginee-
ring students with high prior knowledge on basic
electrical circuits showed better learning achieve-
ment in problem solving tasks than students with
low initial knowledge.

CONCLUSION

Based on the general description, hypothe-
sis testings, and discussion the researcherscould-
put forward three research conclusions as fol-
lows: (1) The learning achievement of  groups of
students who learn through Procedural Scaffol-
ding strategies in Group Investigation was higher
than the group of  students studying with Group
Investigation. This wasevidencedby the test re-
sults obtained from two lanes Anova with Fcountof
5,228 with significance of  0,024 < 0.05. (2) The
learning achievement of  students with high initial
knowledge was higher than those with low prior
knowledge. This was proven from the test results
obtained with two lanes Anovawith Fcountof  19.39
with significance of  0.00 < 0.05. (3) There was
interaction between the learning strategies and
prior knowledge toward learning achievement.
This wasshowed from the analysis of  test results
by two lanes Anovawith Fcountof  11.48 with signi-
ficance of  0.001 < 0.05.
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ABSTRACT

The aim of  this research was to determine the influence of  digimon based scientific approach on independence 
and learning autcomes of  learners. This research has designed as quasi-experimental nonequivalent control group 
design. Subjects of  this reaserch is learners at 8 E and 8 F on SMP N 1 Magelang in year 2014/2015. The results 
showed that there was a strong perfect linear relationship between digimon with independent learning or learn-
ing outcomes of  learners. The result of  independent assessment on the experiment group was 85,47 while the 
result of  independent assessment on the control group was 69,94. Digimon based scientific approach are influ-
ential 51.93% to the independence of  learners, while the rest influenced by other factors. Digimon give influence 
39.69% on learning outcomes of  learners, while the rest influenced by other factors.This relation is empharized 
through an independent test (t-test) which shows dependent bridge between digimon with independence toward 
concept understanding of  learners in experiment group.
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INTRODUCTION

 Education is a systematic process to improve 
human capabilities holisticaly that allows our poten-
tials (affective, cognitive and psychomotor) develop 
optimally. As quoted by Jaya (2012) the essence of 
education is an effort in preparing the students to 
face the environment which is always changing ra-
pidly. Education is a trick in applying the princip-
les of science and technology for the recreation of 
human beings. Education must be able to produce 
graduates who are able to think globally, and is able 
to act locally, guided by the moral and noble. The-
refore, learning activities are designed to be able to 
provide a learning experience that involves mental 

and physical processes through interaction between 
learners, learners with educators, learners with the 
environment and with other learning resources in 
order to achieve the learning objectives.

Science learning objectives can be achie-
ved when the learning process is understood by 
the learners. Students understanding of  the scien-
ce concepts, phenomena and natural events can 
be observed in through the processes of  science 
done by learners. This means not only science 
learning in the form of  declarative knowledge, 
but also learn about the procedural knowled-
ge such as how to obtain information, scientific 
work habits, and thinking skills. The learning ex-
perience is realized through the use of  learning 
approaches as well as a variety of  learning media 
and students centered.
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117M.W. Syahroni, N. R. Dewi, Kasmui / JPII 5 (1) (2016) 116-122

The approaches and learning media used 
by educators to manage the learning process 
plays an important role in the students’ success 
during the learning process. The educators are 
trying to use fun science learning models to give 
the impression that science is fun, but it is not 
offset by the use of  learning media or interactive 
teaching materials. The success of  the learning 
process are influenced by the fit between the sub-
ject matter and level of  students’ thinking skills. 
According to Dahar, which was quoted by Nu-
roso & Siswanto (2010) Every individual will ex-
perience a level of  cognitive development, Junior 
High School students in Indonesia can be stated 
to have the level of  formal operational cognitive 
development, due to have an average age of  over 
11 years. At these levels, children can use concre-
te operations to form more complex operations 
(able to think abstractly). Another thing to note 
in the success of  the learning process is the use 
of  appropriate approach to construct knowledge.

The regulation of  the Minister of  Edu-
cation and Culture / “Permendikbud” No. 65 
Year 2013 on the Standard Process Primary and 
Secondary Education has signify the need for a 
learning process that is guided by the principles 
of  scientific or scholarly approach. Tureni (2014) 
stated that the effort of  applying scientific appro-
aches in the learning process is often touted as the 
hallmark of  the curriculum of  2013 and into its 
own power on the existence of  Curriculum 2013, 
which is certainly interesting to learn and further 
elaborated. Scientific learning approach has the 
result that more effective and efficient when com-
pared to learning by using the traditional appro-
ach (Wieman, 2007). According to Fauziah et al. 
(2013), the curriculum in 2013 learning process 
at all levels by using a scientific approach to stu-
dents centered. In this case, the students’ is requi-
red both in the search for other learning sources 
and dig more deeply about the key concepts that 
given by the educators in the school either from 
an online source or media interactive learning.

Nagpal et al. (2013) self-learning is a pro-
cess, method and philosophy of  education where 
the learners gain knowledge by their own efforts 
and develop capabilities for investigation and eva-
luation. Zimmerman was quoted by Field et al. 
(2014) categorizing learners have learning inde-
pendence if  learners are able to determine their 
approach to learning optimally and efficiently, is 
responsible for decisions that have been taken, 
and able to cooperate with others to expand their 
knowledge.

One of  the lesson that uses a scientific ap-
proach is the science lessons. Until these days du-

ring a science lesson, it still seems difficult to be 
understood by the learner. This difficulty is due to 
the science material dense, full of  memorization, 
and mathematical. Interactive teaching materials 
is one alternative to make the learning process 
more interesting and meaningful to learners. One 
of  the teaching materials whic is suitable for vi-
sualing the science concept abstractness is to use 
interactive multimedia. Suheri (2006) provides a 
definition of  multimedia is media that combine 
two or more media elements consisting of  text, 
graphics, images, photographs, audio, video and 
animation in an integrated way.

Based on the results of  preliminary obser-
vations in SMP Negeri 1 Magelang, 77% of  stu-
dents get more enthusiastic about learning if  the 
learning process involves technology experienced 
in it such as flash animations, interactive video, 
and using a digital module. A module has advan-
tages when compared to the textbook, which are 
on a two ways communication, a clear structu-
re, a friendly and motivating. The advantages of  
digital module is easily accessible and are more 
relaxed when compared to the printed books that 
have been used in the learning process. The real 
condition of  module is dominated by printed 
modules, while the electronic module is less used 
in learning. Pummawan (2007) in his research 
stating that the e-learning modules can enhance 
cognitive development and ICT skills. Pramana 
& Dewi (2014) in the development of  research 
shows that the use of  e-book learning can instill 
independence in learners, the independent lear-
ning classical learners score is 82.13% (indepen-
dence).

Therefore, the writer conduct a research 
related to the use effects of  the Digimon (digital 
module science), using science approach on the 
theme of  Independence visualization and stu-
dents learning score so they can improve students’ 
spirit to learn independently outside of  the school 
hours, and are able to improve the students’ un-
derstanding concept. Scientific attitude can in-
directly instilled in students through technology 
based scientific approaches based. Digital modu-
le is used to deliver material “Visualization”, be-
cause the material is a lot of  material that require 
visualization, especially in the discussion of  the 
properties of  light and shadow on the process of  
forming in the lens or mirror.

METHOD

This research was quasi-experimental with 
a non equalivalent control group design (Sugiyo-
no, 2010). The population in this study were stu-
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dents of  grade 8 second semester of  SMP N 1 
Magelang. The sample in this study were taken as 
much as two classes, the control and the experi-
mental class. Samples were taken at random clus-
ter sampling technique, to obtain  grade 8 class E 
as control and 8 F as an experimental class. The 
method used to obtain the data consists of  a do-
cumentation method used to obtain data on early 
learners who will serve as research samples; the 
test method uses posttest to obtain the learners 
concept understanding; and observation method 
is used to measure the learners’ level of  indepen-
dence.

This study was started with observation to 
determine the problem and to analyse the situ-
ation, then constructed the product in the form 
of  digimon. Digimon that had been developed 
subsequently validated by experts in materials, 
media experts and science teachers to determine 
the feasibility of  digimon as teaching materials. 
Digimon was implemented in the experimental 
class while using the control class used students’ 
worksheets, and finally the level of  independence 
and the learning outcomes of  students in both ex-
perimental and control class were measured. The 
results of  the assessment of  independence and 
learning outcomes of  students in the experimen-
tal class then correlated with the response of  stu-
dents toward the digimon. Correlation coefficient 
calculation was performed to determine the level 
of  influence of  digimon towards independence 
and learning outcomes.

RESULT AND DISCUSSION

Validation toward digimon was conducted 
by three experts: material experts, media experts, 
and science teacher. The results of  this validation 
were used to determine eligibility of  digimon with 
scientific approach as teaching materials before 

they were used for data retrieval. The scores of  
the assessment by material expert, media experts 
and science teacher were 94.74, 88.46 and 85.29 
respectively with the average results of  89.50 in 
very good category. Results of  each aspect of  di-
gimon assesment can be seen in Figure 1.

The assessment of  learning aspect by ma-
terial expert, media expert and science teacher 
obtained 91.25% with the criteria of  very good. 
It was based on the appropriateness of  learning 
components contained in digimon with the as-
sessment criteria. The assessment criteria were 
the accuracy of  the factual material contained in 
the digimon, digimon’s relevance to the available 
resource material, as well as whether the use of  
digimon can stimulate independence and moti-
vate learners in the learning process guided by 
scientific approach.

The content validity obtained a score of  
96.43% within very good criteria. This indica-
ted that the substance or the material contained 
in the digimon was in line with core competence 
and basic competences. The video and animati-
on presented in digimon strongly supported the 
material. Practices with its key answers was seen 
as very helpful for learners to learn with visual 
theme.

For the display aspect, it achieved 87.50% 
with very good criteria. This was caused by the 
consistent design of  display and could be viewed 
in an organized and attractive format to be used 
as teaching materials. Digimon was presented 
with moderate colour composition so as not to 
disturb the concentration when it was used. The 
type and size of  the text used in the Digimon had 
been adjusted to facilitate readability for users. 
Digimon was also equipped with the navigation 
key, so that learners could easily operate digimon 
as learning materials.

Figure 1. Digimon Validation Results for each Aspect
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Programming aspects was only judged by 
media experts with value of  100% and fitted into 
the criteria very well. Programming aspect inclu-
ded programming across lesson components, the 
speed and accuracy of  media response toward 
user commands. Each learning unit in digimon 
comes with pictures, video or animation related 
to the topic. The navigation buttons on digimon 
were designed using Bahasa Indonesia so that the 
users of  these products could understand the fun-
ction of  each button appropriately. These buttons 
were very responsive to commands completed 
with the search box to find certain words or key 
terms contained in digimon.

Aspect of  language was assessed by ma-
terial expert, media expert and science teachers 
with value of  80.56% belonged to good criteria. 
Aspects of  language assessment included the use 
of  language, the use of  the phrase, and the consis-
tent use of  terms or symbols. Digimon were pre-
sented in accordance with standardized Bahasa 
Indonesia and adjusted to the level of  cognitive 
development of  learners. The symbols in the digi-
mon had been adapted to the symbols in other te-
aching materials, making it easier for learners to 
apply the formulas. Some foreign words or terms 
were also used in digimon, but foreign all lexis 
were explained and defined in the glossary.

Students’ Responses toward Digimon
The responses of  students toward digimon 

were taken using questionnaire sheet consis-
ting of  12 statements with one to four scoring. 
Learners’s responses were used to determine stu-
dents’ responses, especially on the theme of  vi-
sion. The results of  the analysis of  the response 

of  students to digimon were next correlated with 
independence and learning outcomes, to determi-
ne its effect towards the 2 aforementioned factors. 
The results of  the analysis of  students’ responses 
toward Digimon can be seen in Table 1.

Learner response data to the Digimon pre-
sented in Table 1 indicated that the acquisition 
of  the highest value of  the response toward di-
gimon was in the first statement, with a value of  
92.50. This showed that students liked teaching 
materials in the form of  digimon with scientific 
approach, due to the multimedia-based teaching 
materials incorporated with audio visual anima-
tions, video, and explanations related to the ma-
terials. The interest of  students towards digimon 
with scientific approach on science teaching was 
evidenced by the acquisition of  the statement “di-
gimon makes me happy to learn science” with a 
value of  91.67. This is supported by research by 
Susanto et al. (2013) which states that the inter-
active media leads to high interests and activities 
of  students and increase learners’ understandin, 
with the achievement of  75% of  the total learners 
passed minimum mastery score.

Learners responded with the lowest value 
of  77.50% as the answer for the statement “I be-
lieve I will score better in science after I use digi-
mon”. It showed that learners were not fully con-
vinced to be able to increase their science scores 
due to the use of  digimon in learning. The ave-
rage responses score toward digimon was 89.94. 
This showed that the experimental class students 
responded positively to digimon with scientific 
approach used on the theme of  vision. 
Relationship between Digimon with Scientific Ap-
proach with Students’ Independence in Learning

Table  1. Students’ Responses toward Digimon

No Statements Mean

1 I like digimon 92.50

2 Digimon’s presentation is very interesting 90.83

3 The language can be understood easily 89.17

4 The words do not cause multiple interpretation 82.50

5 I often access digimon 83.33

6 I am more motivated to learn using digimon 88.33

7 Learning with digimon helps me to understand the subject faster. 85.00

8 Digimon makes me happy to learn science 91.67

9 Digimon is very helpful in learning 90.00

10 Digimon makes my learning practical and enjoyabe 86.67

11 I prefer learning using digimon than using book 85.83

12 I believe I will score better in science after I use digimon 77.50

  Average 89.94
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90% while the control group gained percentage 
of  65%, 57%, and 80 %. These results related to 
the design of  digimon with scientific approach in 
a way that more learners demanded more active 
role in the learning process.

The percentage of  readiness in practicum 
aspect for the experimental class and control class 
were 86% and 67%. This is because the digimon 
proposed young scientist activities in which lear-
ners require to take responsibility for any lab ac-
tivities including preparing lab tools and tidying 
them up after being used. The aspect of  seeking 
information from various sources and aspects of  
attention when learning in the experimental class 
had higher values than the control group (84% 
and 89% in the experimental class, and 56% and 
78% in the control group). This might happen 
since digimon was equipped with animation and 
video that could be used to help students in un-
derstanding the subject, and to lead students to 
be more enthusiastic in participating in learning.  

The high percentage of  achievement for 
every aspect of  each independence aspects of  ex-
perimental class was in line with the proportion 
to the number of  learners who belonged into very 
independent category of  as presented in Figure 2.

There were 27 learners of  experimental 
class and 2 students of  control class who fitted 
into the category of  very independent while the 
rest goes into the category of  independent, quite 
independent and less independent. This shows 
that the scientific approach digimon could instill 
independence of  learners. These results are sup-
ported by research of  Oktiral et al. (2013) which 
states that the use of  audio-visual media is proven 
to raise the independence of  learners. Learners 
are able to be creative, learners are keen to heed 
the lessons, and are motivated to learn so that 
learners show their active participation during 
learning process.

Other results obtained from this study were 

The results of  the analysis of  the observa-
tion toward students’ independence showed that 
the average value of  independent learning of  ex-
perimental class is 85.47, while the control class 
scored 69.94. This indicated that the cultivation 
of  independence toward learners in experimental 
class was higher than the control class, supported 
by t-test. These results are supported by research 
of  Pramana and Dewi (2014), which revealed that 
the classical score of  independence of  learners of  
82.13% was obtained from the use of  e-book du-
ring the learning process. The independence level 
of  experimental class was demonstrated through 
the acquisition of  the percentage achievement of  
each aspect.

The obtained percentage on the aspect of  
the use of  science teaching materials, the experi-
mental class gained score of  89%, while the cont-
rol group only reached 72%. This was because the 
experimental class in addition to using common 
teaching materials, they also used additional te-
aching materials from digimon and other books 
to support learning, and their awareness to use ot-
her supporting learning materials in experimen-
tal class categorized into good category, although 
there were some students in the control class that 
did not use additional teaching materials.

The percentage on aspects of  assignment 
completions and self-evaluation in the control 
and experimental classes were 73%, 50%, and 
78%, 80% respectively. Based on the analysis, 
the experimental group had a higher percentage 
than the control class for both aspects mentio-
ned. This was caused by the digimon contained 
independent assignments to be done by the stu-
dents in each sub-theme, and was accompanied 
by instructions to perform a self-assessment for 
learners. Class experiment also showed better re-
sults than the control class on aspects of  asking 
questions, answering questions, and being active 
in discussions obtaining scores of  82%, 77% and 

Figure 2. Review of  Students’ Level of  Independence
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the strong relationship between digimon and the 
independent learning of  experimental class stu-
dents. The correlation value is obtained from the 
value of  the response of  students to Digimon with 
the value of  independence of  experimental class 
students. The strength of  the correlation relation-
ship was demonstrated by the acquisition of  the 
correlation coefficient (r) of  the analytical results 
of  0.721 which meant that there was a direct per-
fect linear relationship between learners’ respon-
se value toward students learning independence. 
The contribution made by digimon towards inde-
pendent learning of  students in the experimental 
class amounted of  51.93% while the rest was in-
fluenced by other factors. Linkage relationships 
were confirmed through independence tests (t 
test) which indicated the dependent or intertwin-
ed relationship between digimon with the inde-
pendence of  learners.

The strong correlation can occur because 
of  learning by using digimon with scientific ap-
proach could lead students to be more enthusi-
astic in learning and stimulate learners to be able 
to actively participate in learning through scien-
tific approach. This is supported by Fauziah et 
al. (2013) which states that the scientific appro-
ach can motivate and instill internal attitude on 
learners. Learners can also do a self-evaluation 
and determining the level of  mastery of  the con-
cept toward the material that had been learned 
through independent tasks or evaluation con-
tained in digimon to measure the achievement, 
particularly in learning on the vision theme.

This study showed that the use digimon in 
learning was effective to instill independence of  
learners compared with the use of  textbooks in 
science of  vision theme. This is because digimon 
with scientific approach taught materials in the 
form of  a module that combines the approach 
with the development of  technology and instruc-
tional media so as to increase the enthusiasm of  
learners and facilitate the planting of  indepen-
dence of  learners in this modern times. This is 
supported by Nurlailiyah et al. (2014) which sta-
tes that computer assisted learning media with a 
scientific approach is very feasible and attractive 
to be used in the learning process. 

The Relationship between Digimon with 
Scientific Approach with Students’ Learning 
Achievement

The results showed that the use of  digimon 
with scientific approach was able to strengthen 
the scientific understanding of  the concept of  
the experimental class students in learning vision 
theme. This is supported by Kamaludin (2011) 
which states that learning by using the integrated 

science module can improve the understanding 
of  the concept.

The average value of  understanding con-
cept of  the control class and experimental class 
were 79.19 and 85.09. This indicated that the 
score of  understanding concept of  students in 
the experimental class was higher than the cont-
rol class. Classical completeness of  learners also 
showed the same thing, since 25 of  30 students in 
experimental class fell into the complete category 
(values ​​over 81) and 16 of  30 students in control 
class belonged into the complete category. The 
positive achievement toward the results of  experi-
mental class was reinforced through a difference 
test (t test) which produced t

count
 of  3.84 t > t tab-

le of  1.67. This indicated that the average value 
of  the experimental class obtained better results 
than the control class.

Other result obtained from this study was 
the strong relationship between the responses of  
students toward digimon with the level of  con-
cept understanding of  the experimental class 
students. The responses affected up to 39.69% 
and 60.31% was the influence of  other factors. 
This relationship was emphasized through inde-
pendence tests (t test) which indicated the exis-
tence of  a relationship between digimon to the 
understanding of  the experimental class. This 
result meant that digimon as teaching materials 
was able to maximize the level of  understanding 
of  the experimental class students, especially on 
the vision theme, which required a lot of  visuali-
zations and animations. Digimon was a module 
that was developed in digital form with the use of  
technology, and equipped with animation and vi-
deo that serves to facilitate learners in understan-
ding the material. This is reinforced by research 
Nusir (2013) which revealed that the use of  the 
program or multimedia and appropriate methods 
of  learning can improve math skills.

Overall results of  this study indicated that 
in addition to the digimon with scientific appro-
ach could embed learning independence, while 
provided a positive achievement toward students’ 
understanding. One of  factors which might lead 
to the acquisition of  these results was digimon 
with scientific approach contained young scientist 
activity as well as the self-evaluation for the lear-
ners, thus stimulating learners to be more active 
in the learning process. It could help instill inde-
pendence in learners. Digimon was constructed 
simply and interestingly to cultivate students’ 
enthusiasm to use digimon. Digimon equipped 
with animations and videos facilitated learners to 
understand the material, thereby students’ under-
standing toward the concept got better.
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CONCLUSION

Based on data analysis, it could be conclu-
ded that the digimon with scientific approach af-
fected the independence and learning outcomes 
of  students on the vision theme in SMP N 1 
Magelang. Digimon brought a perfect linear re-
lationship toward the independence and learning 
outcomes of  students on the vision theme in SMP 
N 1 Magelang.

The researchers advice to further research 
to follow up this study is that in the making of  
digimon, you need to pay attention to the file ex-
tension being used, in order to facilitate learners 
in opening and studying it. It will be much better 
especially when digimon is available in .apk file 
and .ios for android and iphone so that it can be 
accessed through simple gadgets.
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ABSTRACT

This classroom action research was conducted to analyze the development of  the students’ inquiry abilities in 
science learning by a learning model of  mindmap educative by using game observation normatively (Megono). 
The study was conducted in three cycles. In each cycle, the students were divided into five groups, each groups 
consisted of  seven students. Each group was mandated to observe and to analyze the images/photos. After the 
image observations, they were asked to discuss, write and compile the information into a concept map.  One of  
the students was act as a representative of  the group in a game of  observation. Data were obtained through the 
pre-test, post-test, and observation by the observers as well as from the photo and video recording. The results 
showed that the students’ inquiry ability increased by 63.27% at the end of  the cycle. At the initial conditions, 
the ability of  the student was low (0.49). After the first cycle, it increased to 0.63 (medium), and then increased to 
0.68 (moderate) on the second cycle, and finally it increased to 0.80 (high) in the third cycle. The average increase 
in every aspect was 68.59%.  The highest inquiry capability was achieved in aspects of  reasoning amounted to 
89.29 (very high). It was suggested to use the observation games fairly and needed more time adjustment to obtain 
higher learning outcomes.

© 2016 Science Education Study Program FMIPA UNNES Semarang

Keywords: inquiry,  Learning model, MEGONO, mindmap.

INTRODUCTION

National education system expects that the 
learning activities must develop the self-potential 
and curiosity of  learners. Also, it should provide 
a learning experience that is supported by an ac-
tive atmosphere, systematic and planned educa-
tional process. According to the rule No. 20 year 
2003 of  National Education System, education 
is a conscious and deliberate effort to create an 
atmosphere of  learning and the learning process; 
therefore the learners are actively developing 
their potential to have the spiritual power of  reli-
gion, self-control, personality, intelligence , noble 
character, and skills. By these self-potentials their 
soul can give the benefit for the mankind.

The process of  learning is a reciprocal rela-
tionship between teachers and students. In scien-
ce, the learning required to develop their potential 
is a learning that grow and develop the ability of  
inquiry (inquiry skills) in the form of  scientific 
processes, skills, reasoning, inquiry and problem 
resolution. Therefore, the ability of  inquiry is 
seen as the key competencies to face the challen-
ges of  life and it serves as the curriculum stan-
dards of  science education in the United States 
since 1996 started from the basic education level 
(Kuhn & Pease, 2016).

In class VIII A SMPN 1 Paninggaran, in-
quiry capability is one issue that needs to be sol-
ved urgently with the emergence of  some cases. 
In the learning process, as much as 77.14% of  
the students were lack the independence and they 
were highly dependent on teachers to solve the 
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problems and to understand concepts. Moreover, 
91.43% of  students were not able to conclude or 
finding a concept, has a low learning retention. 
Furthermore, 74.28% of  students were not able 
to design the experiments and they were having 
the difficulty on interpreting the student’ work-
sheet independently. This condition was caused 
by the unavailability of  the learning models that 
evokes inquiry capability in class VIII A SMPN 1 
Paninggaran. In fact, in some cases it was found 
that basically, students had a pent inquiry capa-
bility that has not been developed properly. Stu-
dents often expressed their thoughts when the 
conclusions/results of  the analysis and investiga-
tion almost correspond with a confirmation from 
the teacher.

Inquiry capability is a skill and the logic 
units that can deliver the students to the scientific 
processes and scientific thinking (Pedaste et al., 
2015). In some cases, the ability of  inquiry is the 
development of  an additional discovery with the 
mental processes that have a higher level in the 
form of  asking questions and answers invention, 
linking the discovery with the other discoveries, 
and compare it with the findings of  other stu-
dents (Mulyasa, 2008). Therefore, the ability of  
inquiry is intimately associated with process skills 
and attitudes of  science students that includes the 
student’s ability to identify, to formulate ques-
tions and hypotheses, to predict, to plan and to 
carry out experiments, to collect and to analyze 
data, to interpret, to communicate and to present 
the results, and also to draw conclusions (Maeots 
et al., 2008; Harlen & Jelly, 1997).

Inquiry capability is a basic aspect of  the 
development of  dimension of  cognitive, psycho-
motor and affective as well as problem solving. 
The wider effects of  the development of  inquiry 
capability is a major increase in cognitive abilities 
(cognitive priors), a scientific attitude, understan-
ding and mastery of  concepts, motivation, and 
critical thinking skills (A’yun et al., 2015; Kuhn 
et al., 2003; Kurniawati et al., 2014; Margiastuti 
et al., 2015).

The inquiry capability can thrive through 
the application of  learning strategies that were 
able to construct knowledge and enable students 
in a series of  learning activities that emphasize 
the process of  critical thinking and analysis to 
seek and find their own answer to the problem in 
question (Sanjaya, 2006). According to Muslich 
(2008), the ability of  inquiry will thrive in lear-
ning situations that emphasize skill development 
and involvement of  the student to seek and find 
their own, foster self-confidence, open their in-
telligence and develop creativity, giving freedom 

to the students to take the initiative and act, en-
couraging students to think intensively and to for-
mulate their own hypotheses, and the process of  
interaction as a student-centered learning.

Among the learning models that can be 
conditioned by the learning situation, mindmap 
as a learning model is in accordance with the cha-
racteristics of  the concepts of  science that able to 
develop appropriate skills to potential and inqui-
ry capability (Balim, 2013). This is supported by 
the characteristics of  the concepts of  science as 
a series of  concepts in synergy with each other. 
Skills needed in a particular concept require the 
ability on other underlying concepts. Therefore, 
mindmap is an appropriate strategy to construct 
knowledge and skills in a balanced manner.

Mindmap is a visual technique that descri-
bes the organization of  the mind, memory deve-
lopment and problem resolution. This technique 
is used to interpret the content as much as pos-
sible specific and more abstract knowledge by or-
ganizing them into a network or a linear diagram 
associated with symbolic elements or verbal. In 
lessons, helpful mindmap to organize the know-
ledge, skills and abilities are more comprehensive. 
Besides functioning as a knowledge constructor, 
mindmap is a tool or a way to acquire the kno-
wledge of  students. It is based on the cognitive 
theory by Ausubel which of  meaningfulness in 
learning (meaningful learning), which encoura-
ged the teachers to know the concepts that have 
been owned by the students (Novak & Gowin, 
1985). In lessons, mindmap can be applied for a 
variety of  purposes including investigating the va-
rious things that have been known to the students, 
to learn how to learn, uncover misconceptions, 
and can be used as an evaluation tool.

Balim research results (2013) found that 
the mindmap technique used in the study could 
significantly improve the ability of  inquiry, aca-
demic development, and retention of  knowledge 
of  students. Supported by the research results of  
Dhindsa et al. (2010), it was found that the cogni-
tive abilities of  students had improved by a condi-
tioned learning through constructivism approach 
using visual mindmap on science topics. Their 
cognitive abilities were higher than students who 
taught by using traditional teaching that empha-
sizes the transmission of  knowledge from expert 
teachers to students.

The development of  student inquiry capa-
bility by a comprehensive mindmap approach is 
obtained through the activity of  students in mea-
ningful relationships between concepts expressed 
in the form of  propositions, hierarchy and cross 
linkages (Novak & Musonda, 2001). Proposi-
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tions are two or more concepts linked by words 
or elements in a semantic unit. The proposition is 
valid if  it uses the common words or the right ele-
ments. Hierarchy is a common technique on con-
cept drafting from a general concept to be more 
specialized and from inclusive to less inclusive. A 
more inclusive concept is placed on top and the 
less inclusive concepts laid out below, as well as 
a general concept is placed on top, while the con-
cept is more specifically laid out below. Hierarchy 
is valid if  the placement is in a correct order. The 
cross linkages is a significant association between 
a concept with one hierarchy with another con-
cept in other hierarchies. Cross linkages is valid 
if  it uses the conjunction or the right elements in 
linking the two concepts in a different hierarchy. 
Thus, students who apply mindmap can organize 
concepts based on the meaning and relationship 
between the components that had been developed 
in many dimensions of  learning (Novak & Go-
win, 1985). This condition will increase when the 
mindmap is constructed with the use of  illustra-
tions in the mindmap, elaboration of  visual form 
of  images, tables, charts, maps, flow, elements of  
line and color that helps the brain’s neurons to 
construct, activate the thinking process and acts 
as well as increasing cognitive memory of  up to 
32% (Holliday, 2000; Toi, 2009).

As part of  a cooperative learning model, 
mindmap is effectively solve the learning prob-
lems and may increase its effectivity  when colla-
borated with other techniques. In some studies it 
was found that the influence of  cooperative lear-
ning was increased when a collaborative strategy 
is done with methods or other approaches into a 
new learning model. The research reports from 
Joyce & Calhoun (2009) showed that an increase 
of  academic ability reached 30% to 90% when 
cooperative learning model of  collaboration with 
the inductive method of  picture word inductive 
model. Syahrir research results (2011) stated that 
the jigsaw cooperative learning collaborated with 
team game tournament was effectively enhance 
the learning motivation and mathematical ability 
of  students.

The learning model of  Mindmap educati-
ve by using game observation normatively (me-
gono) is the development of  more comprehensi-
ve constructivism mindmap collaborated with a 
small scale team game tournament (TGT). The 
constructivism mindmap is a development of  
modern mindmap involving the student learning 
activity and an innovation in the use of  illustra-
tions, interpretation of  the concept, diagram, 
colors, elements, and symbols to build students’ 
knowledge independently (Dhindsa et al., 2010; 

Novak & Musonda, 2001). In findings by Maeots 
et al. (2008) suggested that the game simulation 
can significantly improve the aspects of  inqui-
ry capability. Supported by the results of  Amin 
(2015) which stated that the tournament learning 
method had improved the students’ performance 
and their motivation to learn physics.

The mindmap which was integrated in the 
quantum learining could improve the communi-
cation skills (Adhitama et al., 2015). The findings 
of  Paykoç et al. (2004) stated that the mindmap 
with the group problem solving could improve 
the critical thinking skills. Moreover, supported 
by the research results of  Pangestuti (2015), it 
was stated that mindmap collaborated with the 
team game tournament (Remap-TGT) was able 
to increase students’ interest in reading biology 
textbooks to 76.90%.

METHODS

The research object of  this class action was 
a class VIII A in SMPN 1 Paninggaran with 35 
students consisting of  14 male students and 21 fe-
male students with an average attendance rate of  
science subjects in the first semester of  the school 
year 2015/2016 amounted to 97.86%. Based on 
the analysis of  class condition in VIII A SMPN 
1 Paninggaran, the carrying capacity of  schools 
and curriculum gained an average by 2.2, whe-
reas the carrying capacity was 2.2, and the comp-
lexity of  science was 2.1, and the scoreof  science 
minimum completeness target was 73,1.

According to the socio-economic condi-
tions, the majority of  students of  class VIII A in 
SMPN 1 Paninggaran came from families with a 
livelihood as farmers, laborers, drivers, and small 
traders. A total of  22.86% or 8 students had pa-
rents as teachers or civil servants, and as much as 
6 students or 17.16% of  students were not living 
with their parents because their parents were mi-
grated.

The research location was a school located 
in the highlands of  Pekalongan district and bor-
dering with the Banjarnegara district. The school 
environment was surrounded by residential areas, 
hills, heterogeneous forest, pine plantations, clo-
ve, and tea. A total of  514 students or 96.74% of  
students came from villages around the school in 
a district that consists of  14 villages, and as many 
as 17 students or 3.26% came from villages in 
Kali Bening Banjarnegara district, which borders 
the district of  Pekalongan.

Research procedure used in this study was 
a classroom action research (action research) 
using Kemmis cycle model and Mc Taggart as 
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shown in Figure 1. The implementation of  a rese-
arch was carried out by two stages included pre-
action stage and action stage. At the pre-action 
stage, the preliminary data were collected by in-
ventoring the learning problems in class VIII A in 
SMPN 1 Paninggaran by consultation with the 
principal, curriculum assessment and planning 
the action. In the action stage, it was carried out 
the learning modification to the three cycles of  
learning. Each cycle was included in 4 steps, i.e. 
planning, action, observation, and reflection. In 
this study, megono was applied in the topic of  di-
gestive system in human.

Planning of  the first cycle was performed 
by examining the basic competencies, competen-
cy standard, constructing the syllabi and Mego-
no-based lesson plans, preparing the observation 
and evaluation instruments, setting up the equip-
ments/materials, setting the place, and held the 
discussions with observers about the manner and 
process of  data collection. The action stage was 
performed by dividing students into into 5 groups, 
each group consisting of  7 students. Each student 
in the group was asked to analyze the images/
photos. After that, they were asked to discuss and 
to write their thoughts on a media that had pro-
vided, to compile them into a mindmap. In ad-
dition, each group was given the opportunity to 
communicate by posting at an agreed place. Each 
group explored and assessed the results of  other 
groups. The next phase, each group selected one 
of  the students as a representative of  the group in 
a game of  observation.

Data were obtained through a pre-test, 
post-test, observation of  the observers, as well as 
from the documentation of  the photo/video. In-
dicators of  success learning were if: (a) students’ 
attendance reached 100%; (B) at least 90% of  
students showed the attention on Megono in the 
form of: active participation, curiosity, passion in 
the concept of  conflict, like the challenge of  ma-
king the mindmap, trying to complete the task to 
completion, following the observation game with 
enthusiasm; (C) at least 70% of  students showed 
a progress in their inquiry capabilities include: 
curiosity, hypotheses and predictions, compile 
and execute an experiment, reasoning, finding 
and concluding, and roblems solving; (D) they 
were able to interpret the students’ worksheet 
in group work, does not depend on teachers or 
other groups, capable of  displaying mindmap, 
to study/comment on the work of  other groups, 
and exceeded levels of  difficulty in making mind-
map, as well as appearing in game observation; 
(E) more than 80% of  students were satisfied 
with the learning measured by: completing the 

task on time, they were able to communicate the 
mind map, independent, creating programs in the 
constructing the mindmap, and they did not feel 
burdened with the task of  mindmap; (F) reached 
the level of  classical motivation through questi-
onnaires votes for 75 out of  100; (G) one of  the 
students were able to reach a value of  100 in the 
cognitive assessment; (H) at least 75% of  stu-
dents achieved the mastery level with 73 scores; 
(I) achieving an average value grade in the assess-
ment of  cognitive learning outcomes, amounting 
to 75 out of  100.

 

Description and 

Interpretation 

Identificatio
Planning I  

Planning II 
(Rencana Revisi) 

Planning III 
(Revision) 

Reflection 

Action and Observe I 
using MEGONO 

Reflection 

Reflection 

Action and Observe III 
using Megono 

Figure 1. Research procedure conducted in Class 
VIIIA of  SMP N 1 Paninggaran

RESULTS AND DISCUSSION

Research results
Based on the research and analysis of  the 

data, it was obtained that through three cycles of  
Megono learning model, the students’ inquiry 
capabilities were improved from 0.49 to 0.80 as 
shown in Figure 2. The mean average was inc-
reased in every aspect of  the inquiry by 68.59%.
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cycle II was able to improve the inquiry in cycle 
III by 63.27% from the initial conditions.

The development of  student inquiry capa-
bility was also marked by a shift in the percentage 
of  students heading to high category mode and 
decreasing the percentage of  students who were 
in a lower category on every aspect of  inquiry 
capability. This condition was achieved after the 
performance of  three cycles of  Megono learning 
model as shown in Table 1. It is known that in the 
first cycle, the average number of  students who 
have high category in the inquiry capability was 
24.05%, while in the second cycle; the number of  
students who achieve high category was 67.14%. 
As for the third cycle, the number of  students 
who achieve a high category was 88.09%.

After finished three cycles of  Megono 
learning models, it was found that there were 
no students with the low ability in five aspects 
included hypotheses and predictions, designing 
and carrying out experiments, reasoning, finding 
conclusions, and solving the problems. As for the 
aspects of  the development of  curiosity, 5.72% of  
the students were still in low capability condition.

Through Megono learning model, eve-
ry aspects of  the inquiry capability of  students 
had increased as shown in Figure 3.The ability 

Figure 2.The development of  students’ inquiry 
capabilities through Megono learning model in 
each cycle 

Based on Figure 2 it is found that the in-
quiry capability is increased significantly during 
each cycle of  Megono action learning model. In 
the first action cycle, Megono learning model was 
able to improve students’ inquiry for 28.57% of  
the initial state. Results of  reflection on the first 
cycle induced the development of  inquiry capabi-
lity in students; therefore, in the cycle of  action II 
the capability was increased by 38.78% from the 
initial conditions. Also, the result of  reflection in 

Tabel 1.Percentage of  students in every aspect of  inquiry capabilities development through Megono 
learning model

Inquiry Skills

Siklus I

Persentase Siswa

Siklus 
II

Siklus 
III

Curiosity

High 24.31 54.28 77.14

Medium 51.43 22.86 17.14

Low 24.26 22.86 5.72

Hypothesis and 
prediction

High 48.57 82.86 94.28

Medium 31.43 5.72 5.72

Low 20.00 11.42 0

Doing experiment

High 8.57 34.29 85.71

Medium 88.67 57.14 14.29

Low 2.86 8.57 0

Logical thinking

High 25.71 100 100

Medium 57.15 0 0

Low 17.14 0 0

Finding/

conclusion

High 11.43 80.00 97.14

Medium 62.86 11.43 2.86

Low 25.71 8.57 0

Problem solving

High 25.71 51.43 74.29

Medium 60.00 37.14 25.71

Low 14.29 11.43 0
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of  inquiry that significantly improved was the 
ability to think logically by 89.29 score, whereas 
the smallest one was the ability to build by 72.86 
score. According to the results, it can be stated 
that the Megono learning model was effectively 
improving the students’ inquiry capabilities.

Figure 3.Achievement of  each inquiry capabil-
ity aspects in students through Megono learning 
model 

Based on the observers’ assessment and 
the analysis on the photos/videos and  question-
naires showed that the development of  inquiry 
capability achieved through Megono learning 
model was in line by the achievement of  rese-
arch indicators such as 100% students attended 
in each meeting, 95% of  students had a concern 
in Megono learning model, 88.09% of  students 
achieved an high level of  inquiry capability af-
ter the third cycle, they were able to interpret the 
worksheet in group work, they could display the 
mindmap, also they were able to study/comment 
on the work of  other groups, they coped with the 
difficulties in the construction of  mindmap, they 
could actively and enthusiastically involve in the 
game observation, and 90% of  students were sa-
tisfied with the learning. Moreover, the motivati-
on level of  students was high reached 81.38. Two 
students achieved 100 score in the cognitive as-
sessment, while 82% of  students achieved to mas-

ter the basic competencies and the average score 
of  cognitive assessment of  all students was 78.

Discussion
Based on the analysis of  the research fin-

dings, it was obtained that Megono learning mo-
del significantly improved the ability of  students 
in six aspects of  inquiry include curiosity, hypot-
heses and predictions, doing experiment, reaso-
ning/ logical thinking, finding/conclusion, and 
problem solving. This was due during the appro-
ach of  Megono learning model, students gained 
opportunities as learners to explore the widest 
in analyzing images/photos, and then arranged 
them into a mindmap in accordance with their 
cognitive thinking way. Megono learning model 
provided the advantages of  conditioning the class 
atmosphere to think and to explore freely.  This 
condition could support the discovery and prob-
lem solving, improved the discussion atmosphere, 
increased the development of  science skills and 
a competitive atmosphere, and also encouraged 
motivation and confidence of  students.

In each cycle of  Megono learning model, 
students had six learning experience that inclu-
des: (1) analyzing the photos/images; (2) prepa-
ring the questions based on  photos/images; (3) 
solving the problems through discussion; (4) de-
veloping the mindmap; (5) observing the results 
of  other groups; and (6) reinforcing the concept 
through the game of  observation.

When students analyzed the images/pho-
tos, they had to interpret the atmosphere of  free 
thinking, to take initiative, and to analyze the rela-
tionship between photos/images. This condition 
encouraged the students to well understand the 
basic concepts of  learning materials and ideas. In 
effect, the curiosity of  students grew along with 
the ability to predict and hypothesize. In the next 
phase, when students prepared the questions rela-
ted to photo/images, their ability of  inquiry was 
growing. The students’ curiosity, hypotheses and 
predictions were assimilated with memory com-
prehensively; therefore it could strengthen and 
encourage them to think independently and take 
the initiative. This was evidenced by the ability of  
students to prepare questions independently and 
did not coincide with the other students’ questi-
ons related to the image/photo. Students were 
able to cope with the difficulties and were able 
to explore the concept as much as possible and to 
think optimally (Crouch & Mazur, 2001; Kuhn 
& Udel, 2003; Kurniawati et al., 2014; Marshall, 
2007; Wasis, 2008).

At a later stage, the students had a discus-
sion to solve the problem. Discussion method en-
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couraged students to think inclusively, they were 
able to work together, they dared to express and 
to receive opinions, they were able to compare 
the hypothesis personally with another student, 
they were able to admit their wrong opinions, 
they could actively seek information from a va-
riety of  learning resources, they could optimize 
their mastery on concepts, they invented the con-
cept, as well as accepting the presence of  other 
people. By this condition, students were able to 
improve their inquiry and decision making capa-
bilities (Gokhale, 2004; Krulik & Rudnik, 1996).

At the stage of  mindmap construction, 
the students performed a comprehensive activity 
in thinking, acting and being. It is influential in 
various aspects of  the inquiry, including hypot-
heses and predictions, doing experiment, logic 
thinking, finding/conclusion, and problem sol-
ving. These aspects evolve in line with the activi-
ty of  students in thinking and decision-making to 
determine the propositions, hierarchy and cross 
linkages (Novak & Musonda, 2001). Furthermo-
re, the observation on the results of  other groups’ 
mindmaps and game observation generated the 
inquiry capabilities and better concept under-
standing in students. They were encouraged to 
have an organized and repeated reinforcement 
and growing the conceptual skills (Dindhsa et 
al., 2010). The satisfaction of  students was ap-
pearing in their expressions, their hands gestures 
and screams when they could finish the mind-
map compilation during the game observation.
Learning situation was getting better with their 
reflection in every cycle and it supported by the 
advice and idea from the observer. This led to the 
development of  more advanced and excellent of  
student inquiry capability during cycle II and III. 
Their ability ended up in the third cycle by high 
category.

CONCLUSION

Megono learning model had significant-
ly improved the ability of  inquiry of  students in 
class VIII A SMPN 1 Paninggaran. Inquiry capa-
bility of  students increased from a low condition 
into a high condition, especially in the aspects 
of  curiosity, stating hypotheses and predictions, 
designing and carrying out experiments, thinking 
logically/reasoning, finding and stating the con-
clusions and solving the problems.

In this study, it was found that most of  the 
students stated that their group was more right 
than any other group in one particular activity. 
Therefore, it is suggested to the teachers, they 
have to carry out a more precise and justice prin-

cipled during the class and also could conduct an 
on time learning activity.
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Appendix 1 The Grille and Questionnaire of  Thinking Skills 

Thinking 
Skills

Aspect Score

Self  
Regulated  
Thinking

A. Realizing Mind Your Own Way
Consistent and accurate explain in detail a series of  thinking used when faced with a 
task or problem and provides an analysis of  how awareness of  his way of  thinking was 
evident from his appearance.
Consistent and accurate explain how to think through tasks or problems and how 
awareness of  the way he thinks it visible and appearance.
Sporadic but accurately explain how to think through tasks or problems and how 
awareness of  the way he thinks it is apparent from the appearance.
Rare but accurately explain how to think through tasks or problems and how aware-
ness of  the way he thinks it appears from his appearance.

4

3

2

1

B. Creating an Effective Plan 
Consistent make the right destination, consider and take into account all the short-
term goals that are considered necessary and make a detailed implementation time.
Consistent making purposes, pay attention to short-term goals, and create a detailed 
implementation time.
Sporadic making purposes, pay attention to short-term goals, and create a detailed 
implementation time.
Rarely when working on making purposes, pay attention to short-term goals, and cre-
ate a detailed implementation time.

4

3

2

1

C. Realized and Using Resources You Need
Consistent display caution, detail to assess the resources required before starting the 
task. Repeat the resources available and consider alternatives. Anticipating the steps in 
a task that may be required as an additional source.
Consistent assess the project to identify which parts require resources. Repeats of  
alternative sources to determine whether it is suitable for the project.
Sporadic assess the project to identify the resources needed for the project, and often 
look for alternative sources.
Rarely, if  carried out to assess the project to identify the necessary resources and often 
seek alternative sources clear.

4

3

2

1

D. Against sensitive Feedback
Consistent sensitive to diverse feedback. Always respond appropriately when approach 
deemed does not work well and look for advice and other sources of  knowledge.
Consistent attention to the main source of  feedback and responses are varied, making 
adjustments when necessary correction. Listening to the advice of  others.
Sometimes noticed the main source of  feedback and responses are varied, making 
adjustments when necessary correction, listen to the advice of  others.
Rarely when done, pay attention to the main source of  feedback. Rarely respond and 
make adjustments when necessary corrections. Do not pay attention to the advice of  
others.

4

3

2

1

E. Evaluation of  Effectiveness Measures
Consistent repeat actions that have been done and the things that are considered use-
ful, the evaluation of  the impact of  measures both short term and long term, finding 
good value in the lessons of  success and failure.
Consistent repeat the action and objective view reasonable, considering the short-term 
effects, and find lessons in his/her work.
Sporadic repeat the action and objective view reasonable, considering the short-term 
effects, and find lessons in his/her work.
Rarely repeats the action and objective view reasonable, considering the short-term 
effects, and find lessons in his/her work.

4

3

2

1
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Thinking 
Skills

Aspect Score

Critical 
Thinking

F. Accurate and Seek Accuracy
Consistent attention to detail where appropriate, match the information on all impor-
tant resource, recognizing inaccuracies quickly, and make the correction of  errors, 
and clear.
Consistent attention to detail, to test multiple sources, identifies and correct inaccura-
cies.
Sporadic attention to detail, to test multiple sources, identifies and correct the inac-
curacies.
Rarely attention to detail, to test multiple sources, identifies and correct inaccuracies. 

4

3

2

1

G. Clearly and Seek Clarity
Consistent creating a complete and free work and confusing elements.
Consistent key element creates jobs free from confusing elements.
Sporadic key element creates jobs free from confusing elements.
Rarely key element creates jobs free from confusing elements.

4
3
2
1

H. Open-minded
Consistent overcome differences and divergent views and to consider alternative view-
points in a fair and rational.
Consistent aware of  different views and always strive to consider alternative views.
When aware of  different views and sporadically sought to consider alternative views.
Rarely aware of  different views and infrequently seek to consider alternative views.

4

3
2
1

I. Preventing Properties Impulsive
Consistent and carefully consider the situation if  it needs further study before doing 
the work, if  necessary, follow-up study, conducted detailed research before doing 
work.
Consistent consider the situation if  it needs further study before doing the work; if  
necessary, follow-up study, gather enough information before doing work.
Sporadic consider the situation if  it needs further study before doing the work; if  nec-
essary, further studies, sometimes gather enough information before doing work.
Rarely consider the situation if  it needs further study before doing the work; if  neces-
sary, follow-up study, did not gather enough information before doing work.

4

3

2

1

 J. Taking Attitude When No Warranty
Consistent take appropriate attitude towards the situation, the value of  which is dis-
played and views are not revealed. In addition to providing strong evidence to support 
its position.
Consistent take appropriate attitude towards the situation and the views were ignored. 
Always provide enough validation for his/her attitude.
Sporadic take appropriate attitude towards the situation and a clear stance. Some-
times provide enough validation for his/her attitude.
Rarely take appropriate attitude towards the situation and a clear stance. Rarely pro-
vide enough validation for his/her attitude.

4

3

2

1

K. Noting feeling and level of  ability of  Others
Consistent shows insight to the feelings and the level of  ability of  others that appear 
when communicating. Always give positive impetus to such differences.
Consistently shows ability to communicate with people of  different feelings and 
knowledge and respect for the feelings, knowledge and abilities of  others.
Sporadic demonstrate the ability to communicate with people of  different feelings and 
knowledge and respect for the feelings, knowledge and abilities of  others.
Rarely demonstrates the ability to communicate with people of  different feelings and 
knowledge and respect for the feelings, knowledge and abilities of  others.

4

3

2

1
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Thinking 
Skills

Aspect Score

Creative 
Thinking

L. In Constantly seek Completing Tasks Although the answer Could Not Anticipated
Consistent shows the seriousness of  reaching a solution, get involved. and develop and 
use many approaches to keep seeking duties
Consistent shows seriousness and approaches to keep seeking tasks.
Sporadic shows seriousness and approaches to keep seeking tasks.
Rarely demonstrates its seriousness and approaches to keep seeking tasks.

4

3
2
1

M. Encouraging Self-Yourself  to Try Something Not Sure Can Do
Consistent look for challenging tasks and tasks to complete to complete or to gain 
significant understanding.
Consistent accept existing challenges and tasks to complete to complete a task or to 
gain significant understanding.
Sporadic accept existing challenges and tasks to complete to complete or to gain sig-
nificant understanding.
Rarely accept existing challenges and tasks to complete or to gain significant under-
standing.

4

3

2

1

N. Produce, Trusting, and Using Evaluation Standards for Work
Consistent generate personal standards for tasks that can raise the level of  quality of  
the task and follow the standard in order to obtain the final product.
Consistent generate personal standards for the task and follow the standard in order to 
obtain the final product.
Sporadic generate personal standards for the task and follow the standard in order to 
obtain the final product.
Rarely produces personal standards for the task and follow the standard in order to 
obtain the final product.

4

3

2

1

O. Make a New Perspective Unlike the Perspective Generally
Consistent explore as many alternatives and resources that enable and analyze how 
the alternatives affect the results obtained. Alternative describes a variety but a very 
useful way to look at the situation.
Consistent yield approach to the task and clicking analyzes how these alternatives 
affect the task. The alternative approach originally created as a student to complete the 
task.
Sporadic generating approach to the task and clicking analyzes how these alternatives 
affect the task. The alternative approach originally created as a student to complete the 
task.
Rarely produce and how to approach the task of  analyzing how the alternatives affect 
the task. The alternative approach originally created as a student to complete the task.

4

3

2

1
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ABSTRACT

Physics learning in SMA N 2 Padang was implemented through theory and practicum for verifying the theories. 
The results of  the initial survey showed that the physics teachers had not yet applied the research-based learning. 
Supporting facilities such as physics lab and its equipment has been already available, but it has not been utilized 
optimally. Research-based learning is a model that can improve scientific processing skills and learning outcomes 
of  students. The research aimed to produce a valid, practical, and effective research-based physics learning model 
and devices. This research was a research and development using the 4D model of  Thiagarajan. The instrument 
of  this research are interview guides, observation sheets, sheet of  validation of  model and learning tools, ques-
tionnaire for both teachers’ and learners’ responses, assessment sheets for scientific processing skills, and achieve-
ment test. The results showed that the developed model and the learning devices according to the assessment of  
experts were declared valid. Model and learning devices were practical based on the observation and the question-
naires. The application of  research-based physics learning could effectively improve scientific skills and learning 
outcomes of  students. This model is suggested to physics teachers in high school in regard with implementing 
research-based learning.

© 2016 Science Education Study Program FMIPA UNNES Semarang

Keywords: research-based learning, scientific, scientific processing skill.

INTRODUCTION

Education is expected to produce students 
who possess the quality to live as a  creative, in-
novative, intelligent, and globally competent indi-
vidual. With respect to achieving national education 
goals, one of the Ministry of Education and Culture 
program is the development of Unit Level Curri-
culum (SBC) into Curriculum 2013. All levels of 
education within the frame of Curriculum 2013 is 
conducted using scientific approach. This student-
centered approach is designed in such way that the 
learners actively construct concepts, laws, and prin-
ciples through the stages of observing, formulating 
problems, constructing hypotheses, collecting data, 
analyzing the data, concluding, and finally commu-

nicating the obtained concept, law, or principle (Ke-
mendikbud, 2013). Scientific approach is intended 
to provide a sense of convenience for learners in 
mastering the subject. Therefore, the learning envi-
ronments are expected to encourage students to be 
active in finding out the case from various sources 
through discussion, observation, and through the 
practicum activities.

Implementation of  Curriculum 2013 with 
the scientific approach can be performed on all 
subjects, including physic subject. Physic exa-
mines many natural phenomena using scientific 
methods, so that it does not only focus on mas-
tery of  knowledge in the form of  facts, concepts 
or principles, but also the experience during the 
invention process using the skills of  physical pro-
cesses (MONE, 2006). The process of  the inven-
tion can be carried out through inquiry practicum 
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activities. Wahyudin & Isa (2010) stated that the 
application of  guided inquiry learning methods 
can increase interest and understanding of  high 
school students. Practicum is an integral part of  
learning physics. Learners do not merely learn 
the theory and calculations using the formula but 
also doing practicum to deepen the concept mas-
tery.

Laboratory activities provide live experience 
in learning physics and improve the skills in using 
the tools, solving problems, and logical thinking. 
Practicum in physic has its own advantages, whe-
reas learners gain live experience, increase the parti-
cipation of students either individually or in groups, 
learn to think through scientific methods or practice 
the work procedures based on the scientific method. 
Learning physics with practicum activities are ef-
fective to achieve the learning objectives in all com-
petences simultaneously. It also trains the students 
to apply the theory to be applied into real problems 
(cognitive), uses instruments (psychomotor) and 
exercises scientific attitude (affective). One of the 
advantages of learning by practicum is that the lear-
ners can repeat the same activities until they find the 
correct results. Practicum can be carried out with 
the help of learner’s worksheets corresponding with 
certain learning model. But the real practices show 
that the worksheets used by teachers in the school 
have not yet fulfilled the correct structure proposed 
by the Ministry of Education (2008). They have not 
yet been equipped with the usage instructions, sup-
portive information to raise the curiosity of learners, 
and assessment.

Based on the results of preliminary studies at 
SMAN 2 Padang, it showed that 71.3% of physics 
teachers have already used the appropriate learning 
materials in accordance with the Curriculum 2013. 
However, not all lesson plans and teaching materi-
als created by the teacher support the achievement 
of core competences and basic competence in the 
physics subject well. Teachers still use the common 
students’ worksheet which does not fully support all 
of the discussions and practicum.

Overall characteristics of learners gained 
from data analysis of the five indicators achieved 
an average value of 62.5%. The observed charac-
teristics are the ability to think critically (56%), cog-
nitive learning style (58), interest (63%), learning 
motivation (66%), and scientific attitude (67%) du-
ring the physics lesson. Characteristics of students 
during the learning process will affect the achie-
vement of the learning objectives of physics. This 
is indicated by the less optimal learning outcomes 
of students of class X SMA N 2 Padang in the first 
semester of the 2015/2016 academic year. The mas-
tery level of for physics subject of class X MIA 1 

only resulted 43.8% from 32 students while class X 
MIA 2 even obtained lower score of 31.3% from 32 
students. This indicated that the learning completion 
in the classical style classes were still below 85%.

The students’ lacking in mastering the con-
cepts of physics is caused by students lacking neces-
sary skills such as problem-solving skills, science 
processing skills, thinking and reasoning skills. The 
aforementioned lacking can be observed from the 
physics learning process which mainly used lectu-
ring method in the form of theory description, ela-
boration of formulas with the aid of mathematical 
operations, and solving the problems through calcu-
lation. Reif (1995) stated that the informative lear-
ning method will result in ineffective learning pro-
cess since students only acquire nominal knowledge 
of physics rather than functional one. Many teachers 
admit that the lecturing method in teaching physics 
fails to instil a deep understanding toward physics 
concepts (Hake, 1998; McDermott &Redish, 2009; 
Redish, 2003). As a result, students do not have the 
required skills to solve problems and are not able to 
apply the material they have learned.

 Based on the problems encountered in 
school, it is deemed necessary to develop a model 
of  learning tools such as lesson plans, students’ 
worksheet, modules, and assessment. The work-
sheet needs to be developed as the guide of  lear-
ning implementation that supports the achieve-
ment of  competence of  knowledge, attitudes, and 
skills for students. It contains several work steps 
including thinking process, working procedure, 
creativity, and independence to rediscover the 
concepts, principles, rules, and laws of  physics. 
One model of  learning that integrates research 
within learning to solve the problem of  physics 
is research-based learning. Using this approach, 
students are guided to solve the problem based 
on the fact they encountered. Research based 
learning can be implemented with a variety of  
learning methods, so that all learning outcomes 
obtained by students are originated from a simp-
le research they conduct, for example through 
experiments and field studies (Kynäslahti et al., 
2006; Griffith, 2008; Jyrhämä et al ., 2008; Ward, 
2013). In physics, research based learning tend 
to be implemented in the form of  practicum ac-
tivities. By doing lab activities, students are ex-
pected to possess the scientific processing skills. 
This skill provides the students the opportunities 
to search for information, construct a hypothesis, 
collect data, analyze data, and make conclusions 
based on the live experience. The implementation 
of  research based learning through practicum is 
for the students to have the scientific processing 
skills and character of  a scientist.
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Diah (2010) explains that the research-
based learning is inspired by the philosophy of  
constructivism that includes four aspects: lear-
ning that builds students’ understanding, learning 
by developing prior knowledge, social interaction 
learning, and meaningful learning which will be 
achieved through live experience. Research based 
learning is an authentic learning (there must be 
real example), problem solving (answering case 
and contextual), cooperative learning (together-
ness), contextual (hands on and minds on), and 
the inquiry discovery approach (discovering) 
grounded on the philosophy of  constructivism 
in which the students’ development is cultivated 
continuously and sustainably. Arifin (2010) clai-
med that the stage of  research-based learning are 
as follows: exposure stage (introduction stage), 
lecturing of  core knowledge (the step of  adminis-
tering a reference), experience stage (action sta-
ge), internal report for feedback (the discussion 
stage), and the final.

According to Wardoyo (2013), research 
based learning has seven characteristics implied 
in the learning process: systematic, active, crea-
tive, innovative, effective, objective, and scien-
tific. Those 7 characteristics are in line with the 
nature of  physics learning in curriculum 2013 
with scientific approach. Yahya (2010) explains 
the advantages of  research-based learning model 
are to give enough opportunity for students to 
observe, to formulate hypotheses, to collect and 
analyze the data, and to make conclusion. Rese-
arch-based learning in physics can assist learners 
in constructing concepts or principles of  physics, 
make the learning more meaningful through the 
application of  scientific processing skill. The re-
sult of  relevant research shows that the applicati-
on of  life skills oriented research-based learning 
can increase the activity and essential concept 
mastery in the Thermodynamics subject (Syakba-
niah, 2013). The use of  research-based students’ 
worksheet in physics is effective to improve the 
competence of  students at SMAN 1 Padang (Us-
meldi, 2015).

Research-based physics learning with 
scientific approach is expected to improve the 
students’ competence mastering the concepts of  
physics, scientific processing skills, and having 
the scientific attitude. In relation with the afo-
rementioned facts, two research problems are 
formulated: (1) How is the development of  rese-
arch-based physics learning model with scientific 
approach to improve students’ scientific proces-
sing skill? (2) How are the validity, practicality, 
and the effectiveness of  the research-based phy-
sics learning with a scientific approach?

METHOD

The study belongs to the research and deve-
lopment (R & D). Sugiyono (2011) suggested that 
research and development is a type of  research 
methods used to produce certain product and tes-
ting its effectiveness. This study was conducted to 
obtain information about the users’ needs (needs 
assessment), while the development activities was 
conducted to produce research-based learning 
model. The model used is the 4D development 
model by Thiagarajan. According to Thiagarajan 
in Trianto (2010), the stages of  4D are defining, 
designing, developing, and disseminating. The 
subject of  the research is the physics learning 
model for high school students. The respondents 
are students and physics teachers at SMAN 2 Pa-
dang. The research instruments are the interview 
guides, observation sheets, sheet of  validation of  
learning models, lesson plans, students’ work-
sheet and assessment. All of  those documents are 
based on the Instruction of  Materials Develop-
ment Guide (Ministry of  Education and Cultu-
re, 2008). This research also uses questionnaires 
for teachers’ responses and learners’ responses, a 
test for learning outcomes, assessment sheets of  
scientific processing skill, and attitudes observa-
tion sheet.

Based on the collected data, it was ana-
lyzed qualitatively and quantitatively. Data of  
learning model validation, lesson plans, students’ 
worksheet assessment, observation, questionnai-
res, and test results were analyzed descriptively 
and then compared with the criteria of  validi-
ty, practicality, and effectiveness of  the learning 
model. The learning implementation data were 
analyzed qualitatively by revising readability and 
action steps in students’ worksheet. The revision 
was made based on the researcher’s note, the re-
sults of  observations toward the learning process, 
and also the opinions of  experts and peers.

RESULT AND DISCUSSION

Research-Based Physics Learning Model with 
Scientific Approach

The research had produced a model of  
research-based physics learning with scientific 
approach. Research-based learning is a learning 
model that encourages research in the learning 
process. Research-based learning is ignited by the 
philosophy of  constructivism that includes four 
aspects; learning that builds students’ understan-
ding, learning by developing prior knowledge, so-
cial interaction process learning and meaningful 
learning; in which all are achieved through live 
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experience. Research is an important means to 
improve the quality of  learning. Research compo-
nents consist of  background, procedures, imple-
mentation, results, discussion, and publication. 
The six stages of  research-based learning model 
are: (1) exposure stage, (2) the lecturing of  core 
knowledge, (3) experience stage, (4) internal re-
port for feedback, (5) presentation, and (6) final 
report ( Arifin, 2010). The research-based lear-
ning model is conducted using scientific appro-
ach.
 
Validity of Learning Model

Research-based physics learning model 
was validated by three experts. The evaluated as-
pects were contents feasibility, construction feasi-
bility, and language accuracy. The results of  the 
validation of  learning model and tools (lesson 
plan, learners’ worksheets, and assessment) can 
be seen in Table 1.

The results of  the validation of  learning 
models, lesson plans, students’ worksheets, and 
the assessment indicated that the learning model 
and the learning devices belonged to the valid ca-
tegory.

The Practicality of Learning Model
The trial of  learning model was conducted 

to obtain the data about the practicality of  the mo-
del and the learning tools. The trial of  the model 
was conducted in four meetings. During the trial, 
the researcher was assisted by physics teachers of  
SMAN 2 Padang as the observer. The teachers 
were in charge of  observing the implementati-
on of  learning and learners’ activity during the 
class. The practicality of  the model was observed 
through the implementation of  learning, and the 
responses of  both teachers and learners. The re-

sults of  the observations showed that the learning 
model could be implemented by teachers and 
learners well. Thus the researcher claimed that 
the research-based learning model with scientific 
approaches was practical.

The Effectiveness of Learning Model
The outcomes of  the studies in terms of  

knowledge showed an increase at every meeting. 
The average value of  the outcomes in terms of  
knowledge is 81.2 and learning completion per-
centage is 89.8%. The average value of  the stu-
dents’ skill is 80 and learning completion percen-
tage is 86.5%. Students’ attitudes reached a very 
good category with an average of  84.4. More 
than 85% of  students had met the criteria of  lear-
ning mastery standard. Thus it was proven that 
the developed learning model was effective in 
improving scientific processing skills.

The integration of  scientific approaches 
into the research-based learning process con-
ducted by adjusting the learning steps. Research-
based learning model with scientific approach 
generated in this study was pronounced valid, 
practical, and effective to improve the students’ 
science skills. The results of  this study are sup-
ported by the research conducted by Trisnasih 
(2013), and Xiaolai & Qinghuai (2011) in which 
they concluded that the application of  research-
based learning can enhance the activity, proces-
sing skills, and students’ learning outcomes in 
science lessons. Learning with scientific proces-
sing skill approach can improve learning out-
comes and student learning activities (Haryono, 
2006); Susiwi et al., 2009; Wardani et al., 2009). 
According to Ausubel (Ango, 2002) the activities 
which cause the students to conduct an investiga-
tion into lab activities will cause the learning to 

Table 1. Results of  Learning Model and Learning Tools Validation 

No Evaluated Aspects
Experts

Mean Category
FY RL AY HY

1 Learning model 79 86 93 91 87,3 valid 

2 Lesson plans 89 87 90 91 89,3 valid 

3 Students’ worksheet 98 91 95 96 95 valid 

4 Assessment 85 90 98 92 91,3 valid 

Table 2. Students’ Learning Outcomes

No Outcomes Aspects
Meeting

Mean Category
1 2 3 4

1 Knowledge 78,3 80,2 80,8 85,4 81,2 Very Good

2 Skill 71,4 74,5 86,2 88,1 80 Good

3 Attitude 81,6 83,5 85,4 87,2 84,4 Very Good
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intended attitude. The process of  formation of  
an attitude basically require a long time, as sta-
ted by Nugroho (2011) that the establishment of  
attitude came with several steps that starts from 
dissatisfaction, followed by having a vision that 
is logical and rational, willing to take risks, and 
responsible to arrive on a consistent stage. At this 
last stage a change in attitude in a person is hap-
pening. It is certainly not an easy task given the 
numerous challenges faced by students every day. 
Therefore, in several meetings the level of  consis-
tency of  the students’ attitudes was difficult to be 
observed.

CONCLUSION

This research had produced a research-
based learning model with scientific approach. 
Research-based learning is a model that encoura-
ges research in the learning process. There are six 
steps of  research based learning, they are: expos-
ure stage, lecturing of  core knowledge, experien-
ce stage, the internal report for feedback, presen-
tation, and final report in which all are integrated 
with scientific approach. The developed learning 
model is valid, practical, and effective to improve 
students’ scientific processing skills. The attitude 
of  the students belonged to the very good catego-
ry. The knowledge and skills of  learners reached 
over 85% degree of  completion. The researcher 
recommends for physics teachers to apply this 
learning model. Further researches are necessary 
using different materials using the model that had 
been developed.

 
REFERENCES

Ango, Mary L. (2002). Mastery of  Science Process 
Skills and Their Effective Use in the Teaching 
of  Science: An Educology of  Science Educa-
tion in the Nigerian Context. International Jour-
nal of  Educology, 16 (1), 11-30. 

Arifin, Pepen (2010). Research Based Learning. Pro-
siding Seminar Nasional. Bandung: Institut 
Teknologi Bandung.

Cox, A.J., Junkin, W.F. (2002). Enhanced Student 
Learning in the Introductory Physics Labora-
tory.  Physics Education, 37(1), 37-44.

Depdiknas (2006). Kurikulum Tingkat Satuan Pendi-
dikan (KTSP) Mata Pelajaran IPA SMP & MTS 
Fisika SMA & MA. Jakarta: Direktorat Jenderal 
Manajemen Pendidikan Dasar dan Menengah.

Depdiknas (2008). Panduan Pengembangan Bahan Ajar. 
Jakarta: Direktorat Jenderal Manajemen Pen-
didikan Dasar dan Menengah.

Deters, K. (2005). An Inquiry Lab on Inclined Planes. 
The Physics Teacher, 43(1), 177-179.

be more meaningful and encourage the develop-
ment of  student competence.

Research-based learning model with scien-
tific approach was conducted in the laboratory. 
The importance of  laboratory activities was to 
understand the concepts of  physics for students 
which also presented by Ivins and Raghubir. Ac-
cording to Ivins (McComas, 2005), practicum is 
more effective to help learners in studying the 
physics concept through the discussion. Raghu-
bir (McComas, 2005) found that students showed 
a high level of  cognitive ability when they directly 
acquire knowledge through practicum rather than 
using lab only for verifying the theory they have 
learned.

Practicum activities were more challenging 
for students in finding a physics concept compa-
red to the verification activities. Cox (2002) and 
Jongdee (2009) in their study found that inquiry 
laboratory activities can improve the performan-
ce of  students in doing practicum works. Deters 
(2005) and Weaver et al. (2008) in their study 
found that inquiry laboratory activities can imp-
rove the ability of  students to think logically, solve 
problems, and provide a memorable experience 
in laboratory activities. Kurnianto et al. (2010) in 
his research concluded that learning physics with 
practical activities can develop students’ ability 
to communicate the concept of  physics. Inquiry-
based laboratory activities can enhance scientific 
processing skills of  students (French, 2002).

Research-based physics learning with 
scientific approach could trigger the learners to 
master the competences of  physics as a whole, 
not only the acquisition of  knowledge and skills 
but also internalization of  scientific attitudes 
and behaviour in everyday life, thus becoming 
their characters. Prayitno & Khaidir (2010) sta-
ted that the direct association with the character 
education leaded to 5i aspects, they are: faith and 
piety (iman dan taqwa), initiative (inisiatif), in-
dustrious (industrius), individuals (individu), and 
interaction (interaksi). Faith and piety includes 
obeying divine rules and religious life. Initiative 
means spirit, the willingness to initiate and to 
try, unyielding to achieve anything useful. In-
dustrious means hard work, diligent, disciplined, 
productive, value-added considerations, honest, 
entrepreneurial spirit. Individuals include the po-
tential quality, diversity and independence. Inter-
action implies the linkage of  one individual with 
another individual.

The process of  attitudes formation was as-
sessed from the fulfilment of  attitude indicators. 
This process could be observed that there was an 
increasing of  number of  those who enacted the 



139Usmeldi / JPII 5 (1) (2016) 134-139

Diah, T. W. dkk. (2010). Pedoman Umum Pembelajaran 
Berbais Riset (PUPBR). Yogyakarta: UGM.

French, D., Russel, C. Nov. (2002). Do graduate teach-
ing assistants benefit from teaching inquiry-
based laboratories?. Bioscience. 52(11), 1036-
1043.

Griffith. (2008).  Research-Based Learning: Strategies for 
Successfully Linking Teaching and Research. Uni-
versity of  Griffith.  

Hake, R.R. (1998). Interactive-engagement versus 
traditional methods: A six-thousandstudent 
survey of  mechanics test data for introductory 
physics courses. American Journal of  Physics. 
66(1), 64-74.

Haryono (2006).  Model Pembelajaran Berbasis Pen-
ingkatan Keterampilan Proses Sains”. Jurnal 
Pendidikan Dasar, 7(1), 1-13.

Jongdee,  Pintip Ruenwongsa (2009). “Guided Inquiry 
Learning Unit on Aquatic Ecosystems for Sev-
enth Grade Students”.  Journal of  Natural Re-
sources & Life Sciences Education. Volume 38. 

Jyrhämä, R., Kynäslahti, H., Krokfors, L., Byman, 
R., Maaranen, K., Toom, A. & Kansanen, P. 
(2008). The Appreciation and Realisation of  
Research-Based Teacher Education: Finnish 
Students’ Experiences of  Teacher Education.  
European Journal of   Teacher Education, 31(1), 
1-16.

Kemendikbud (2013). Konsep Pendekatan Scientific. Ja-
karta: Kemendikbud.

Kurnianto, P., P.Dwijananti, &Khumaedi. (2010). 
Pengembangan Kemampuan Menyimpulkan 
dan Mengkomunikasikan Konsep Fisika Me-
lalui Kegiatan Praktikum Fisika Sederhana. 
Jurnal Pendidikan Fisika Indonesia, 6(1), 6-9.

Kynäslahti, H., Kansanen, P., Jyrhämä, R., Krokfors, 
L., Maaranen, K. & Toom, A. (2006). The mul-
timode programme as a variation of  research-
based teacher education”. Teaching and Teacher 
Education, 22(2),  246–256.

McComas, W. (2005). Laboratory Instruction in the 
Service of  Science Teaching and Learning. The 
Science Teacher. 72(7). 24-29.

McDermott, L.C. & Redish, E.F. (2009). Resource Let-
ter, PER-1: Physics Education Research. Ameri-
can Journal of  Physics, 67(9),755-767.

Nugroho, Widyo Sulasdi (2011). Integrasi Pendidikan 
Berkarakter dalam Kurikulum MIPA dan Pen-
didikan MIPA. Seminar Nasional FMIPA UNP. 
Padang.

Prayitno & Khaidir, A. (2010). Model Pendidikan Kara-
kter-Cerdas. Padang: Universitas Negeri Padang 
Press.

Redish E.F. (2003). Teaching Physics with Physics Suite. 
New York: John Willey & Son, Inc.

Reif, F. (1995). “Millikan Lecture 1994: Understand-
ing and Teaching Important Scientific Thought 
Processes”. American Journal Physics. Vol. 63(1), 
17-32.

Sugiyono (2011). Metode Penelitian Pendidikan Pendeka-
tan Kuantitatif, Kualitatif  dan R & D. Bandung: 
Alfabeta. 

Susiwi, Achmad A.Hinduan, Liliasari, & Sadijah Ahmad 
(2009). “Analisis Keterampilan Proses Sains 
Siswa SMA pada Model Pembelajaran Prak-
tikum D-E-H”. Jurnal Pengajaran MIPA Vol. 
14(2) UPI.

Syakbaniah. (2013). “Penerapan Research Based Learn-
ing untuk Meningkatkan Aktivitas dan Pengua-
saan Konsep Essensial Mahasiswa dalam Mata 
Kuliah Termodinamika”. Prosiding Seminar Na-
sional Pembelajaran Fisika. 

Trianto (2010). Model Pembelajaran Terpadu. Jakarta: 
Bumi Aksara.

Trisnasih, A.B,. (2013). Peningkatan Keterampilan 
Proses dan Hasil Belajar IPA melalui Model 
Research Based Learning Siswa Kelas V SD. 
e-Journal Program Pascasarjana Universitas Pendi-
dikan Ganesha, 4(1), 23-30.

Usmeldi (2015). “Pengembangan Lembar Kegiatan 
Kerja Siswa dalam Pembelajaran Fisika Berba-
sis Riset di SMA N 1 Padang”. Prosiding Semi-
nar Nasional Fisika. FMIPA UNJ. 

Wahyudin, Sutikno & Isa, A. (2010). Keefektifan Pem-
belajaran Berbantuan Multimedia Menggunak-
an Metode Inkuiri Terbimbing untuk Mening-
katkan Minat dan Pemahaman Siswa. Jurnal 
Pendidikan Fisika Indonesia, 6(1), 58-62.

Wardani, Sri, Antonius, Tri, & Niken, E.P. (2009). Pen-
ingkatan Hasil Belajar Siswa Melalui Pendeka-
tan Keterampilan Proses Sains Berorientasi 
Problem-Based Instruction. Jurnal Inovasi Pen-
didikan Kimia. 3(1), 391-399.

Wardoyo, M.S. (2013). Pembelajaran Berbasis Riset. Ja-
karta: Indeks Permata.

Weaver, Gabriela C.,  Cianán B Russell & Donald J 
Wink. (2008). Inquiry-based and research-
based laboratory pedagogies in undergraduate 
science. Nature Chemical Biology, 4(10), 35-45.

Xiaolai, Liu & Qinghuai, Li (2011). Combination of  
the Research Based Learning Method with the 
Modern Physics Experiment Course Teaching, 
Canadian Center of  Science and Education, 4(1), 
102-112.

Yahya, Iwan (2010). Manajemen Empat Langkah 
dalam Pengembangan Bahan Ajar Berbasis 
Riset: sebiuah pengalaman dari perkuliahan 
Akustik Jurusan FMIPA. Makalah pelatihan 
Penulisan Buku Ajar Berbasis Riset. Surakarta: 
LPPM UNS.  



JPII 5 (1) (2016) 140-149

Jurnal Pendidikan IPA Indonesia

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

ANALYSIS OF DIFFICULTY LEVEL OF PHYSICS NATIONAL 
EXAMINATION’S QUESTIONS

Yusrizal

University of  Syiah Kuala, Indonesia

DOI: 10.15294/jpii.v5i1.5803

Accepted: 18 January 2016. Approved: 27 March 2016. Published: April 2016

ABSTRACT

This study aimed to determine: (1) the difficulty level of  items in physics National Exam of  2013 (2) physics ma-
terials that were difficult and very difficult. The subjects were all students of  science major in third gradeat SMAN 
Banda Aceh in the academic year of  2013/2014. The samples were 10 randomly selected senior high schools. The 
data were obtained through analyzing the answers of  physics National Examin 2013. The results showed that (1) 
the high school students in Banda Aceh experienced difficult and very difficult level questions to be answer in the 
2013 exam, (2) thedifficult materials were: free fall, the potential energy and series of  obstacles. The very difficult 
materials were: the rotational motion, motion and force on the pulley, effort, fluid, sound intensity, transformer, 
atomic theory, quantum theory, relativity, fusion and radio isotopes.
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INTRODUCTION

Measurement of  learning results is con-
ducted by the government embodied in the form 
of  National Examination (Regulation of  the Mi-
nister of  National Education of  Indonesia Re-
public Number 20 of  2007). National Exam is 
one of  government efforts to spur an increase in 
the quality of  education. Various studies indicate 
that by National Exam, students are encouraged 
to learn better and teachers are encouraged to te-
ach better.

National Exam is used as a standardizati-
on tool to test the feasibility of  a student to be 
able to continue his/her education to the higher 
level and as the distribution of  education nation-
wide. The exam result is also used as a bench-
mark against other countries’ education.

In relation to the learning outcomes, the 
instrumentscan be set as test or non-test. At high 
school National Exam, the measured outcomes 

are mostly cognitive score using written tests, 
whilst the behaviour in the form of  affective and 
psychomotor is measured through School Final 
Examination (UAS), which uses both tests and 
non-test. The test is an instrument to detect the 
subjects that has not been well understood by stu-
dents. In National Exam, it is a mean to determi-
ne the ability or student mastery of  the material 
in accordance with the basic competences/stan-
dard competence.

After some time, the implementation of  
the National Exam should have been maximi-
zed. However, an unlikely phenomenon shows 
that the percentage of  graduation of  senior high 
school students who joinNational Examis not 
yet satisfactory. Sindonews.com, 26-05-2013, re-
ported that Aceh and Papua province recorded 
the lowest graduationscore in NationalExam of  
2013. Nationally, the number of  unsuccessful rate 
ofsenior high school National Examwas 3.11 %, 
or 1,152 students. This numberwas the highest 
in Indonesia, followed by Papua province in se-
cond, and Central Sulawesi ranked third.
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In Banda Aceh city, the number of  exam 
participants majoring in science was 1663 people, 
among them 42 people or 2,526% did not pass. 
From the education centre data, Banda Aceh re-
sulted a relatively low Physics score ranges from 
4.00 to 5.59 for 86 people or 5.17%, the range of  
5.50 -5.99 for 23 people or 1.38%, and the range 
of  6.00 -6, 99 for 68 people or 4.09%.

Based on the data and the description can 
be concluded that students of  SMA N of  Banda 
Aceh encountered difficulties in answering the 
National Examof  2013 especiallyin Physics. Re-
ferring to the problem, the purpose of  this study 
was to determine: (1) The level of  difficulty of  the 
questioninphysics National Exam 2013 for high 
school students in Banda Aceh, (2) The difficult 
or very difficult physics subjects for high school 
students in Banda Aceh. The results of  this study 
can be used as input and consideration for phy-
sics teachers, Principal of  SMAN, and the Edu-
cation Service of  Banda Aceh in improving the 
quality of  teaching physics in senior high school.

A test is a measurement tool that is specifi-
cally used to know someone’s cognitive abilities. 
Assessment by using written tests most common-
ly used to determine students’ cognitive ability 
(Rofiah et al. 2013). Typically, when a student 
has completed a subject, some part of  the lesson, 
or at the end of  the lesson the teacher gives a test 
to measure the extent of  understanding and the 
learning outcomes of  individuals or groups. One 
function of  the final exam is to certify that stu-
dents have learned or mastered the skills as de-
manded by the curriculum (Siskandar, 2008).

Test as ameasurement technique can be in-
terpreted as a gauge that has objective standard 
that can be used to calculate and to compare 
psychological circumstances or individual beha-
viours (Matondang, 2009). To measure student’s 
ability to master a subject, the Government 
implements a form of  test or evaluation through 
the National Examination. Implementation of  
the exam is the act of  measuring the competence 
of  graduates in terms of  cognitive aspects natio-
nally in primary and secondary education (Ais-
ha, 2013).

The tests used in National Examare objec-
tive multiple choice test. Objective multiple-cho-
ice testcontains a set of  questions with a number 
of  possible answers to be chosen by the test taker. 
Examinees freely select an answer from the list so 
that the correction and scoring can be done ob-
jectively by the examiner. The checking of  Natio-
nal Exam Answer Sheet (LJUN) is usually done 
using a scanner device.

National Exam’s questions have been stan-

dardized by the National Education Assessment 
Centre (Puspendik). The device has gone through 
trial process in all area, so it is believed to have 
met all the requirements as a good test. The para-
meters that must be met for standardized tests are 
the validity, reliability, level of  difficulty, differen-
tiating power and decoys’ effectiveness.

In this study, the sole tested parameter was 
the items level difficulty. The difficulty of  the 
questions can be defined as the proportion of  the 
number of  test participants (students) who can 
correctly answer certain item (Boopathiraj and 
Chellamani, 2013). This proportion is usually ex-
pressed in terms of  difficulty index in the rangeof  
0.00 to 1.00 (Sabri, 2013). The calculation is done 
to each item. The greater the level of  difficulty 
index obtained from counting means the easier it 
is answered. The difficulty index level is counted 
using following formula: Level of  difficulty (p) = 
Amount of  students answered correctly / Sum of  
all test participants (Widodo, 2010).

Physics National Exam is a written test in 
multiple choice forms with each question contain 
four choices. This type of  test can be evaluated 
easily, quickly, and having high objectivity, me-
asuring various cognitive levels, and can include 
a wide scope of  materials (Ministry of  National 
Education, 2007). Written test inthe form of  mul-
tiple choice questions is widely used in exam with 
many test takers.

National Examination is a standard evalu-
ation system for primary and secondary educa-
tion nationally and equality of  education level 
qualitybetween regions conducted by the Centre 
for Educational Assessment at the Ministry of  
National Education. Evaluation is an inseparab-
le part of  the learning process. Evaluation aims 
to find out, improve and enhance the quality of  
the learning process (Ratnaningsih et al., 2013). 
The evaluation is always preceded by the measu-
rement activities, the process of  determining the 
number according to certain rules, continued by 
assessment. Evaluation is done toward the me-
asurement results and assessment information 
(Purnomo and Munadi, 2005). The measurement 
results on a score that describes the level of  suc-
cess of  student learning based on predetermined 
criteria.

METHOD

This study is a descriptive diagnosis re-
search. The subject (population) in this study 
were all students of  high school3rd year science 
major of  Banda Aceh in the education year of  
2013/2014, while the samples were SMAN 1, 
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SMAN 2, SMAN 3, SMAN 4, SMAN 5, SMAN 
6, SMAN 7 , SMAN 8, SMAN 10 and SMAN 12 
Banda Aceh. Determination of  the samples was 
conducted using random sampling techniques. 
The object is the level of  difficulty of  Physics 
National Examination items in 2013. The rese-
arch was conducted on December 10th, 2013 until 
March 12th, 2014.

The designated instrument was the questi-
ons of  Physics National Exam in 2013. The diffi-
culty level of  the data in the form of  a response or 
answer of  high school students in the academic 
year 2013/2014 were analysed with Microsoft 
Office Excel 2007.  The classification of  of  diffi-
culty level based on Safari (2012) as follows: 0.00 
to 0 , 30 is difficult; 0.31 to 0.70 means medium; 
and 0.71 to 1.00 is easy. In particular, thedifficult 
level is divided into difficult and very difficult ca-
tegories. If  the difficulty level reaches ≤ 0.25, it is 
considered extremely difficult (Kusaeri and Sup-
rananto, 2012).

RESULTS AND DISCUSSION

The results of  the analysis of  students’ 
answers on the 10 high schools and the difficulty 
level of  National Examination in 2013 for each 
school:

SMA Negeri  1 Banda Aceh
	 Of the 40 items tested, the results of  the 

analysis of  the answers for SMA N 1 are shown 
in Figure 1.

		

	
Figure 1. Difficulty level ofNational Exam in SMA 
Negeri 1 Banda Aceh

Difficult items were: item 2 (vector), item 3 
(free fall), item 5 (motion on an incline), and item 
34 (transformer). Very difficult items were: item 4 
(rotational motion), item 6 (motion and force on 
the pulley), item 9 (effort), item 15 (fluid), item 
30 (series of  resistance), item 32 (magnetic field), 
item 36 (atomic theory), item 37 (quantum theo-
ry), item 38 (relativity), item 39 (fusion reaction), 
and item 40 (radioisotopes).

SMA Negeri  2 Banda Aceh
Of the 40 items tested, the results of  the 

analysis of  the answers for SMA N 2are shown 
in Figure 2.
		

Figure 2. Difficulty level of National Exam in SMA 
N 2 Banda Aceh

The very difficult questions were: item 1 
(measurement), item 2 (vector), item 3 (free fall-
motion), item 4 (rotational motion), item 5 (mo-
tion on an incline), item 6 (motion and force on 
the pulley ), item 9(effort), item 15 (fluid), item 
25 (sound intensity), item 31 (magnetic inducti-
on), item 32 (a magnetic field), item 33 (inducti-
on electromagnetic), item 34 (transformer), item 
36 (atomic theory), item 38 (relativity), item 39 
(nuclear reaction), and item 40 (radioisotopes).

SMA Negeri  3  Banda Aceh
Of the 40 items tested, the results of  the 

analysis of  the answers for SMA N 3are shown 
in Figure 3.

Figure3. Difficulty level of  National Exam in 
SMA N 3 Banda Aceh

The difficult question was item 32 (a mag-
netic field) and the very difficult problems were: 
item 4 (rotational motion), item 5 (motion on an 
incline), item 6 (motion and force on the pulley), 
item 9 (effort), item 11 (potential energy) item 17 
(temperature and heat), item 29 (series capacitor), 
item 38 (relativity), item 39 (fusion reaction), and 
item 40 (radioisotopes).

SMA Negeri 4 Banda Aceh
Of the 40 items tested, the results of  the 

analysis ofthe answers for SMA N 4are shown in 
Figure 4.

The difficult problemswere:item 3 (free 
fall), 30 (series of  resistance), and 31 (magnetic 
induction), and the very difficult questions were: 
item 4 (rotational motion), item 5 (motion on an 
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incline), item 6 ( motion and force on the pulley), 
item 9 (effort), item 15 (fluid), item 25 (sound in-
tensity), item 32 (a magnetic field), item 36 (ato-
mic theory), item 37 (quantum theory), item 38 ( 
relativity), items 39 (fusion reaction), and item 40 
(radioisotopes).

Figure 4. Difficulty level of  National Exam in 
SMA N 4 Banda Aceh

SMA Negeri 5 Banda Aceh
Of the 40 items tested, the results of  the 

analysis ofthe answers for SMA N 5are shown in 
Figure 5.

Figure 5.  Difficulty level of National Exam in 
SMA N 5 Banda Aceh

	 The difficult problems were: item 1 (me-
asurement), item 5 (motion on an incline) and 
item 38 (relativity. The very difficult items were: 
item 2 (vector), item 3 (free fall), item 4 (motion 
rotation), item 6 (motion and force on the pulley), 
item 9 (effort), item 15 (fluid), item 16 (tempera-
ture and heat), item 19 (thermodynamics), item 
31 (magnetic induction), item 33 (electromagne-
tic induction), item34 (transformer), item 36 (ato-
mic theory), item 37 (quantum theory), item 39 
(fusion reaction) and 40 (radioisotopes).

SMA Negeri  6 Banda Aceh
Of the 40 items tested, the results of  the 

analysis ofthe answers for SMA N 6are shown in 
Figure 6.

The difficult problems were item 2 (vector) 
and item 11 (potential energy), while the very 
difficult questions were: item 3 (free fall), item 5 
(motion on an incline), item 9 (business), item 15 
(fluid) , item 17 (temperature and heat), item 26 
(Coulomb’s law), item 30 (series of  resistance), 
item34 (transformer), item 36 (electromagnetic 
induction), item 37 (quantum theory) and item 
39 (fusion reaction).

Figure 6.  Difficulty level of  National Exam in 
SMA N 6 Banda Aceh

SMA Negeri  7 Banda Aceh
Of the 40 items tested, the results of  the 

analysis ofthe answers for SMA N 7are shown in 
Figure 7.

Figure 7.  Difficulty level of  National Exam in 
SMA N 7 Banda Aceh

The difficult problems were item 10 (elas-
ticity) and item 29 (series capacitor). Meanwhile, 
the very difficult problems were: item 2 (vector), 
item 5 (motion on an incline), item 6 (motion and 
force on the pulley), item 15 (fluid), item 17 (tem-
perature and heat), item 25 (the sound intensity 
), item 30 (series resistance), item 31 (magnetic 
induction), item 34 (transformer), item 37 (quan-
tum theory), item 38 (relativity), item 39 (fusion 
reaction), and item 40 (radioisotopes).

SMA Negeri  8 Banda Aceh
Of the 40 items tested, the results of  the 

analysis ofthe answers for SMA N 8are shown in 
Figure 8.

Figure8.  Difficulty level of  National Exam in 
SMA N 8 Banda Aceh

The difficult questions were item 17 (tem-
perature and heat) and item 33 (electromagnetic 
induction). While the very difficult items were: 
item 2 (vector), item 3 (free fall), item 4 (rotatio-
nal motion), item 5 (motion on an incline), item 
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Based on the research findings, wecon-
cluded that the students still regarded physics as 
difficult subjects. Compared with other science 
material, students seem todislike the physics rat-
her than chemistry and biology (Erinosho, 2013). 
Fauzi and Radiyono (2011) suggested that the 
results of  several studies on students’ perception 
toward physics showed that physics often regar-
ded as a complicated subject. Johnson (2012) also 
stated that the difficulties faced by students in 
solving physics problems is linking the problem 
to other subject especially mathematics. Almost 
all of  senior high school students in Banda Aceh 
found it extremely hard to solve items 36 (atomic 
theory), 37 (quantum theory) 38 (relativity), 39 
(fusion reaction) and item 40 (radioisotopes), due 
to the abstract concepts underlying them. As it 
is known that there areboth abstract and concre-
te concepts in physics. Rahmawati et al. (2012) 
suggested that the abstract physics concepts are 
hard to visualize, making them difficult to be 
digested. Suzuk et al. (2011) added that physics 
is one of  the most difficult lessons for its theo-
reticalpresentation, sometimes without the app-
lication of  mathematical and abstract to every-
day examples. According to Sabdin (2013), the 
unsuccessful effort of  masteringthe concepts of  
physics are mainly caused by three things: (1) the 
nature of  physics itself, (2) the implementation of  
the teaching is not good/appropriate, and (3) the 
character of  the learning. The material abstract 
characteristicof  physics causes student to have 
difficulties in studying physics concept unless it 
is associated with everyday experience.Sugiharti 
(2005) suggested that only by mastering the con-
cept of  physics, the entirephysics problem can 
be solved, both physical problem that exists in 
everyday life as well as physical problems in the 
form of  questions, though the teacher still plays 
important role for the success of  students. Barin-
to (2012) proposed that teachers are critical com-
ponents in the success of  an education because 
teachers are the spearhead in direct contact with 
students as subjects and objects of  study. Physics 
as the basic science that will shape the analytical, 
logical and systemic mindset of  students (Suna-
ryo, 2011), thus to learn and understand physics 
students must memorize, master the concepts of  
physics and have a strong mathematicalfounda-
tion.

Item 9 (effort), 36 (atomic theory), 37 
(quantum theory), 4 (rotational motion), 6 (moti-
on and force on the pulley), 15 (fluid), 25 (sound 
intensity), and item 34 (transformer) were relati-
vely concrete, but students find it very difficult, 
most likely because of  the incorrect implementa-

6 (motion and force on the pulley), item 9 (effort), 
item 15 (fluid), item 31 (magnetic induction), 
item 32 (magnetic field), item 34 (transformer), 
item 36 (atomic theory), item 38 (relativity), item 
39 (fusion reaction), and item 40 (radioisotopes).

SMA Negeri  10  Banda Aceh
Of the 40 items tested, the results of  the 

analysis ofthe answers for SMA N 10are shown 
in Figure 9.

Figure 9.  Difficulty level of  National Exam in 
SMA N 10 Banda Aceh

The difficult problem wasitem 3 (free fall). 
The very difficult items were:item 4 (rotational 
motion), item9 (effort), item 25 (sound intensity), 
item32 (magnetic field), item 36 (atomic theory), 
item 37 (quantum theory), item 38 (relativity), 
item39 (fusion reaction), and item 40 (radioisoto-
pes).

SMA Negeri  12 Banda Aceh
Of the 40 items tested, the results of  the 

analysis ofthe answers for SMA N 12are shown 
in Figure 10.

Figure10.   Difficulty level of  National Exam in 
SMA N 12 Banda Aceh

The difficult problems were:item 3 (free 
fall), item 11 (potential energy), item 17 (tempe-
rature and heat), and item 30 (series resistance). 
The very difficult items were:item 2 (vector), item 
4 (rotational motion), item 5 (motion on an in-
cline), item 6 (motion and force on the pulley), 
item 9 (effort), item 13 (collision), item 25 (sound 
intensity), item 33 (electromagnetic induction), 
item 34 (transformer), item 36 (atomic theory), 
item 37 (quantum theory), item 38 (relativity), 
item 39 (fusion reaction), and item 40 (radi-
oisotopes).
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tion of  teaching. Ornek et al. (2008) showed that 
some factors causing physics become difficult 
can be categorized into: 1) a lack of  motivation, 
interest, hard work and background knowledge, 
2) Factors associated with learning, e.g. many 
assignments, class structure, not inadequate te-
achers, 3) factors related to the characteristics of  
the context of  the physics of  which is cumulati-
ve, abstract, involves a lot of  things to learn, and 
requires a good understanding of  mathematics. 
Physics as a subject related to the magnitudes of  
physical and mathematical calculations implies 
to almost all branches of  physics resort to prob-
lem solving (Ogunleye, 2009).

here are two factors that could determine 
the success of  students in answering questions in 
National Exam, they aremastering exammateri-
als and mastering the cognitive level of  the ques-
tions. If  the physics teacher rarelygavea high level 
C4, C5 and C6 problems in school exams because 
of  the inability to construct it, students wouldsu-
rely have difficulty answering the questions even 
though they master the materials. Results of  re-
search by Yusrizal &Zarlaida (2011) showed that 
the assessment components of  student learning 
outcomes bycertified Physics, Chemistry and 
Biology teachers in senior high schools of  Banda 
Aceh are still apprehensive. According to Munas-
co (2013) the factor of  the teachers’qualification 
is considered as the most dominant and highly 
influences the learning outcomes of  physics, and 
the test format will bring an impact on students’ 
unsatisfactory learning outcomes.

CONCLUSION

Based on the analysis, the researcher can 
draw some conclusions: (1) The students of  SMA 
Negeri Banda Aceh encountereddifficult and ex-
tremely difficult levels of  questions in the Natio-
nal Examination of  2013, (2) materials that were 
perceived as difficult and extremely difficult by 
SMA N students of  Banda Aceh were: fusion 
reaction, radio isotopes, rotational motion, moti-
on and force on the pulley, relativity, fluid, sound 
intensity, atomic theory, quantum theory, and 
transformers.
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Appendix 1 The Grille and Questionnaire of  Thinking Skills 

Thinking 
Skills

Aspect Score

Self  Regu-
lated  Think-
ing

A. Realizing Mind Your Own Way
Consistent and accurate explain in detail a series of  thinking used when faced with 
a task or problem and provides an analysis of  how awareness of  his way of  thinking 
was evident from his appearance.
Consistent and accurate explain how to think through tasks or problems and how 
awareness of  the way he thinks it visible and appearance.
Sporadic but accurately explain how to think through tasks or problems and how 
awareness of  the way he thinks it is apparent from the appearance.
Rare but accurately explain how to think through tasks or problems and how aware-
ness of  the way he thinks it appears from his appearance.

4

3

2

1

B. Creating an Effective Plan 
Consistent make the right destination, consider and take into account all the short-
term goals that are considered necessary and make a detailed implementation time.
Consistent making purposes, pay attention to short-term goals, and create a detailed 
implementation time.
Sporadic making purposes, pay attention to short-term goals, and create a detailed 
implementation time.
Rarely when working on making purposes, pay attention to short-term goals, and 
create a detailed implementation time.

4

3

2

1

C. Realized and Using Resources You Need
Consistent display caution, detail to assess the resources required before starting the 
task. Repeat the resources available and consider alternatives. Anticipating the steps 
in a task that may be required as an additional source.
Consistent assess the project to identify which parts require resources. Repeats of  
alternative sources to determine whether it is suitable for the project.
Sporadic assess the project to identify the resources needed for the project, and 
often look for alternative sources.
Rarely, if  carried out to assess the project to identify the necessary resources and 
often seek alternative sources clear.

4

3

2

1

D. Against sensitive Feedback
Consistent sensitive to diverse feedback. Always respond appropriately when 
approach deemed does not work well and look for advice and other sources of  
knowledge.
Consistent attention to the main source of  feedback and responses are varied, mak-
ing adjustments when necessary correction. Listening to the advice of  others.
Sometimes noticed the main source of  feedback and responses are varied, making 
adjustments when necessary correction, listen to the advice of  others.
Rarely when done, pay attention to the main source of  feedback. Rarely respond 
and make adjustments when necessary corrections. Do not pay attention to the 
advice of  others.

4

3

2

1

E. Evaluation of  Effectiveness Measures
Consistent repeat actions that have been done and the things that are considered 
useful, the evaluation of  the impact of  measures both short term and long term, 
finding good value in the lessons of  success and failure.
Consistent repeat the action and objective view reasonable, considering the short-
term effects, and find lessons in his/her work.
Sporadic repeat the action and objective view reasonable, considering the short-
term effects, and find lessons in his/her work.
Rarely repeats the action and objective view reasonable, considering the short-term 
effects, and find lessons in his/her work.

4

3

2

1



Yusrizal / JPII 5 (1) (2016) 140-149148

Appendix 1 The Grille and Questionnaire of  Thinking Skills 

Thinking 
Skills

Aspect Score

Critical 
Thinking

F. Accurate and Seek Accuracy
Consistent attention to detail where appropriate, match the information on all 
important resource, recognizing inaccuracies quickly, and make the correction of  
errors, and clear.
Consistent attention to detail, to test multiple sources, identifies and correct inac-
curacies.
Sporadic attention to detail, to test multiple sources, identifies and correct the inac-
curacies.
Rarely attention to detail, to test multiple sources, identifies and correct inaccura-
cies. 

4

3
2
1

G. Clearly and Seek Clarity
Consistent creating a complete and free work and confusing elements.
Consistent key element creates jobs free from confusing elements.
Sporadic key element creates jobs free from confusing elements.
Rarely key element creates jobs free from confusing elements.

4
3
2
1

H. Open-minded
Consistent overcome differences and divergent views and to consider alternative 
viewpoints in a fair and rational.
Consistent aware of  different views and always strive to consider alternative views.
When aware of  different views and sporadically sought to consider alternative 
views.
Rarely aware of  different views and infrequently seek to consider alternative views.

4

3
2
1

I. Preventing Properties Impulsive
Consistent and carefully consider the situation if  it needs further study before doing 
the work, if  necessary, follow-up study, conducted detailed research before doing 
work.
Consistent consider the situation if  it needs further study before doing the work; if  
necessary, follow-up study, gather enough information before doing work.
Sporadic consider the situation if  it needs further study before doing the work; 
if  necessary, further studies, sometimes gather enough information before doing 
work.
Rarely consider the situation if  it needs further study before doing the work; if  nec-
essary, follow-up study, did not gather enough information before doing work.

4

3

2

1

 J. Taking Attitude When No Warranty
Consistent take appropriate attitude towards the situation, the value of  which is 
displayed and views are not revealed. In addition to providing strong evidence to 
support its position.
Consistent take appropriate attitude towards the situation and the views were 
ignored. Always provide enough validation for his/her attitude.
Sporadic take appropriate attitude towards the situation and a clear stance. Some-
times provide enough validation for his/her attitude.
Rarely take appropriate attitude towards the situation and a clear stance. Rarely 
provide enough validation for his/her attitude.

4

3

2

1

K. Noting feeling and level of  ability of  Others
Consistent shows insight to the feelings and the level of  ability of  others that appear 
when communicating. Always give positive impetus to such differences.
Consistently shows ability to communicate with people of  different feelings and 
knowledge and respect for the feelings, knowledge and abilities of  others.
Sporadic demonstrate the ability to communicate with people of  different feelings 
and knowledge and respect for the feelings, knowledge and abilities of  others.
Rarely demonstrates the ability to communicate with people of  different feelings 
and knowledge and respect for the feelings, knowledge and abilities of  others.

4

3

2

1
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Appendix 1 The Grille and Questionnaire of  Thinking Skills 

Thinking 
Skills

Aspect Score

Creative 
Thinking

L. In Constantly seek Completing Tasks Although the answer Could Not Antici-
pated
Consistent shows the seriousness of  reaching a solution, get involved. and develop 
and use many approaches to keep seeking duties
Consistent shows seriousness and approaches to keep seeking tasks.
Sporadic shows seriousness and approaches to keep seeking tasks.
Rarely demonstrates its seriousness and approaches to keep seeking tasks.

4

3
2
1

M. Encouraging Self-Yourself  to Try Something Not Sure Can Do
Consistent look for challenging tasks and tasks to complete to complete or to gain 
significant understanding.
Consistent accept existing challenges and tasks to complete to complete a task or to 
gain significant understanding.
Sporadic accept existing challenges and tasks to complete to complete or to gain 
significant understanding.
Rarely accept existing challenges and tasks to complete or to gain significant under-
standing.

4

3

2

1

N. Produce, Trusting, and Using Evaluation Standards for Work
Consistent generate personal standards for tasks that can raise the level of  quality 
of  the task and follow the standard in order to obtain the final product.
Consistent generate personal standards for the task and follow the standard in order 
to obtain the final product.
Sporadic generate personal standards for the task and follow the standard in order 
to obtain the final product.
Rarely produces personal standards for the task and follow the standard in order to 
obtain the final product.

4

3

2

1

O. Make a New Perspective Unlike the Perspective Generally
Consistent explore as many alternatives and resources that enable and analyze how 
the alternatives affect the results obtained. Alternative describes a variety but a very 
useful way to look at the situation.
Consistent yield approach to the task and clicking analyzes how these alternatives 
affect the task. The alternative approach originally created as a student to complete 
the task.
Sporadic generating approach to the task and clicking analyzes how these alterna-
tives affect the task. The alternative approach originally created as a student to 
complete the task.
Rarely produce and how to approach the task of  analyzing how the alternatives 
affect the task. The alternative approach originally created as a student to complete 
the task.

4

3

2

1
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ABSTRACT

The research aims to obtain information of  improvement students’ generic skills in science through chemistry 
learning using ICT-based media on reaction rate and osmotic pressure material. This research was designed with 
quasi-experimental research method, with the design of  non-equivalent control group pretest-posttest design. The 
research subjects were students of  class XI and XII one of  Madrasah Aliyah Negeri (State Islamic Senior High 
School) in Bandung. Learning process in experiment group were conducted using ICT-based media, whereas 
in control group conducted by applying laboratory activities. Data were collected through multiple-choice test. 
The result shows that there was no significant difference of  n- gain of  students’ generic skill in science between 
experiment and control group. Therefore it can be concluded that the learning process using ICT-based media can 
improve students’ generic skills in science as well as laboratory-based activities.
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Keywords: Generic skills in science, ICT-based media, laboratory activities, osmotic pressure, reaction rate..

INTRODUCTION

Knowledge grows fast so teacher needs to 
prepare or train their thinking skills to learn and 
understand the concept and does not only directly 
provide the concept. no longer enough just equipped 
with the knowledge or concepts. The appropriate 
skill for science covering chemistry skill inside is 
generic skill because it can be used to study material 
or other sciences independently. The generic term is 
used in terms of its potential and applied to various 
disciplines and contexts. Similarly Brotosiswoyo 
(2001) stated that the generic skill in science is the 
basic skill that is usefully used to learn other dis-
ciplines. According Liliasari (2009) generic skill in 
science as a new paradigm can make students learn 
science more easily. 

More specifically Brotosiswoyo (2001) 
suggested that generic skill in science consists of  

direct and indirect observation, awareness of  the 
scalar quantity, symbolic language, framework 
principles, consistent logic, inference logic, the 
law of  cause and effect, mathematical modeling, 
and building concepts. The generic skill tends 
to be more specific on the necessary intellectual 
skill and is operated in acquiring and developing 
science related to its character. From the previous 
description it can be stated that the generic skill 
in science is skill that is related to the character of  
science, including chemistry.

Generic skill in science can be said as 
thinking skills therefore it can be learned and 
prepared to students through science learning. 
Chemistry, as well as other fields in science, is the 
study of  natural phenomena. It discusses parti-
cularly on substance structure and composition, 
change of  matter and energy that accompanies 
those changes. Chemistry is learned through the 
three levels of  representation of  macroscopic, 
sub-microscopic, and symbolic levels (Treagust, 
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2003; Sirhan, 2007; Talanquer, 2011).
Macroscopic level deals with descriptive 

knowledge of  chemical substances and processes 
obtained directly (through the senses) or indi-
rectly (using tools), and the experience of  empi-
rical knowledge that we understand and collect 
about chemistry system. This is consistent with 
Gilbert & Treagust (2009) that stated this type 
contains representation empirical properties of  
matter. It is also consistent with Johnstone and 
Gabel in Gilbert (2008) that stated the macros-
copic level represents some aspects of  natural 
phenomena that can be investigated. This level 
includes what is observed from what is learned.

Submicroscopic level is descriptive, expla-
natory and predictive of  what has been developed 
of  chemist to understand natural phenomena. 
Gilbert & Treagust (2009) stated that this level 
is associated with a model that can be explained 
the cause of  phenomenon type. Chittleborough 
(2004) stated that the sub-microscopic level is as 
real as the macroscopic level, only the scale is dif-
ferent, and the fact that the sub-microscopic level 
can not be seen easily make it difficult to accept 
that it is real.

Symbolic level consists of  static and dyna-
mic visual signal (from symbol to icon) that was 
developed to facilitate qualitative and quantita-
tive way of  thinking and way to communicate 
both. Visualization relates to chemical formula 
and symbol, depictions of  particulate, mathema-
tical equation, graphic, animation, simulation, 
physical model, and so on, that visually repre-
sent a core component of  theoretical model. Gil-
bert and Treagust (2009) stated that the level of  
symbolic involves the use of  symbol to represent 
atoms, subscript that represents the number of  
atoms in ions or molecules, or letters to repre-
sent the physical state as solid (s), liquid (l), gas 
(g) and a solution (aq). Symbolic level consists 
of  qualitative abstraction used to represent each 
item in a sub-microscopic level (Gilbert, 2008). 
As it grows, this type can be used to describe 
the type of  model (such as: describing physical 
or chemical changes that occur during the reac-
tion), it can also be used to describe the type of  
phenomena (such as: the number of  reactants 
and products in the stoichiometry calculations). 
Symbolic representations are used extensively in 
the chemistry and used as a learning tool to help 
explain a macroscopic level and sub-microscopic 
level in chemistry. The symbolic representati-
on of  chemical phenomena includes chemical 
model as a model of  ball-and-stick, space-filling 
models, structural formulas, chemical equations 
and computer models, or verbal descriptions, 

diagrams, analogies, metaphors, images, ideas, 
or any simulations that can be used to develop 
students’ mental models (Gilbert & Boulter in 
Chittleborough, 2004). Talanquer (2011) stated 
that the type of  experience consists of  empirical 
part, whereas the type of  models and visualizati-
on consists of  representation section. 

Chemistry representation holds an impor-
tant role, but on the other hand a lot of  research 
show that students have difficulty in understan-
ding submicroscopic representation (Tasker & 
Dalton, 2006). One of  the ways to help them 
improving understanding of  submicroscopic 
representation is by describing and visualizing 
processes occured at the molecular level (Sanger, 
2000). Wu et al. (2001) research also showed si-
milar results that students are helped by the use 
of  computer-aided visualization tools.

Another difficulty experienced by students 
is to interpret representations, provide verbal ex-
planation of  chemical reactions, and make the 
translation between the different types of  repre-
sentation showing the weakness of  the relation-
ship/link between chemical phenomena, rep-
resentations, and relevant concepts. Inspired by 
social constructivist learning, Kozma et al. (2000) 
suggested that the chemistry curriculum can gui-
de students to use the plural representations vi-
sually and verbally to connect it with the pheno-
mena. Compound representation should play an 
important role in the curriculum and chemistry 
learning. One of  the ways that can be used to help 
students overcome this is studying the chemistry 
and its characteristics by using information and 
communication technology (ICT)-based media.

Computer technology, which is a product 
of  information technology, is able to present 
the information in various forms such as text, 
graphic, image, animation, sound and video. The 
combination of  various forms of  information is 
known as multimedia. Ruthven (in Chiu & Wu, 
2009) said that multimedia is a powerful commu-
nication tool in presenting science, especially na-
tural science. Through video, students are given 
the opportunity to observe chemistry phenomena 
(macroscopic level). While, submicroscopic le-
vel, containing the explanation of  macroscopic 
phenomena, can be presented through visualiza-
tion in the form of  animation and images.

Gilbert (in Chiu & Wu, 2009) stated that 
visualization through multimedia can combine 
students’ mental imaginary that is formed when 
the acquisition of  material can be observed and 
expectedly stayed in their long term memory. 
Multimedia can also visualize the interaction 
and dynamic movement that occur in the chemi-
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cal process by displaying symbol and equation 
in three dimensions that can not be displayed by 
other media. The use of  multimedia can provide 
valuable information for teachers about how stu-
dents conclude, connect and integrate representa-
tion of  macroscopic, submicroscopic and symbo-
lic (Ardac & Akaygun, 2004).

In line with the previous description of  
the problem formulation, this research applied 
learning using ICT-based media to improve the 
generic skill in science of  high school students 
in studying chemistry. Chemistry materials used 
as media to develop generic skill in science were 
osmotic pressure and the reaction rate that was 
limited to the factors affecting it.

METHOD

This research designed was quasi-experi-
mental research method, with the design of  non-
equivalent group pretest-posttest design. This 
design was selected because the sample can not 
be chosen randomly as experiment and control 
groups. So two classes that is already available of  
XI (reaction rate) and two classes XII (osmotic 
pressure) were directly used as experiment and 
control groups. This is in line with McMillan & 
Schumacher (2001) that stated that this design is 
very useful in education, since it often impossible 
to randomly assign subjects. The researcher uses 
intact, already established groups of  subjects, gi-
ves a pretest, administers the treatment condition 

to one group and Gives the posttest.
The study was conducted in one of  Mad-

rasah Aliyah Negeri (State Islamic High School) 
in Bandung. Experiment class was treated with 
learning using ICT -based media, while control 
group applied laboratory-based activities. Prior 
to the implementation of  the learning process, 
control and experiment group took the pretest to 
determine their initial generic skill in science be-
fore joining the lesson. After the learning process 
was conducted, at the end of  the lesson students 
were given posttest to measure the improvement 
of  their generic skill in science.

Measurement of  generic skill in science 
was done by using instrument in the form of  mul-
tiple-choice question and reason test. There were 
15 multiple choice questions on the concept of  
osmotic pressure and 12 for sub-concepts of  the 
factors that affect the reaction rate.

RESULT AND DISCUSSION

The improvement of  students’ generic 
skill in science can be seen from and the results 
of  pretest and posttest data and normalized gain 
(n-Gain) of  each research subject. The comple-
te data of  students’ in experiment and control 
groups can be seen in Table 1 to Table 5. Achie-
vement percentage of  pretest, posttest and n-gain 
score average of  students’ generic skill in experi-
ment and control groups can be seen in Figure 1a 
and 1b.

Figure 1.a. Achievement Percentage of  Pretest, 
Posttest and N-gain Score Average of  in Reaction 
Rate Material

Figure 1.b. Achievement Percentage of  Pretest, 
Posttest and N-gain Score Average of  in Osmotic 
Pressure Material
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Generic skill in science (GSS) indicators 
examined in this research was adjusted to the 
character of  material of  factors that influence 
the reaction rate and osmotic pressure. GSS in-
dicators developed on the concept of  factors that 
influence the reaction rate are indirect observati-
on, logical inference, the law of  cause and effect, 
and building the concept; whereas the concept 
of  osmotic consisting of  indirect observation, 
symbolic language, the law of  cause and effect, 
mathematical modeling, and building concepts. 
Achievement percentage of  pretest, posttest and 
n-gain score average  of  each indicator of  concept 
in experiment and control groups is presented in 
Table 2 and Table 3.

Table 2 shows that the generic skill in 
science of  each indicator in experiment and cont-
rol group generally has increased except at GSS 
6 indicator (the law of  cause and effect). On the 
concept of  the factors that influence the reaction 
rate, the indicator of  logical inference in the two 
groups has the highest value of  n- gain (54% and 
51%) compared to other indicators.

Table 3 shows that the generic skill in 
science of  each indicator in experiment and 
control group on the osmotic pressure concept 
in generally has increased. The improvement of  
generic skill in the experiment group was in line 

with the results of  Lilasari et al. (2008) and Lilia-
sari (2009) that showed the generic skill in science 
can be improved by using multimedia-based lear-
ning. In the experiment group, GSS 6 of  the law 
of  cause and effect  indicator had the highest va-
lue of  n-gain (50%), whereas in the control group 
mathematical modeling indicator had the highest 
value of  n-gain (63%). 

T test using Independent Samples Test and 
non-parametric test using Wilcoxon test of  n-gain 
of  generic skill in science showed that multime-
dia-based learning on the factors that influence 
the reaction rate and osmotic pressure materials 
did not differ significantly in improving students’ 
generic skill in science compared to the use of  la-
boratory activities-based learning model.

T test resulted significance level value of  
0,731 on the factors that influence the reaction 
rate concept and 0,763 on osmotic pressure con-
cept. That value is greater than 0,05. From the 
analysis it can be concluded that the improve-
ment of  students’ generic skill in science in both 
groups did not differ significantly. The statistics 
test results of  each indicator are presented in Tab-
le 4 and 5.

Results of  statistical analysis of  each GSS 
indicator showed that there was no significant 
difference on the reaction rate topic, while for the 

Table 1. Percentage of  Pretest, Posttest and N-gain Score Average of  Students’ Generic Skill in Ex-
periment and Control Groups in Reaction Rate and Osmotic Pressure Materials. 

No Topic
Pretest (%) Posttest (%) n-Gain (%)

C E C E C E

1 Reaction Rate 29 23 49 43 27 24

2 Osmotic Pressure 24 18 46 43 27 30
Notes: 
C = Control
E = Experiment

Table 2. Students’ Score Percentage of  Pretest, Posttest and N-gain of  Each Generic Skill in Science 
(GSS) Indicator of  Experiment and Control Groups  in Factors that Influence The Reaction Rate 
Material.

GSS
Control Group Experiment Group

% Pretest % Posttest % n-Gain % Pretes %Posttest % n-Gain

GSS 1 35 45 8 17 32 10

GSS 5 20 54 43 19 64 51

GSS 6 27 27 -10 19 18 -7

GSS 8 37 57 21 32 44 15
Notes:
GSS 1: Indirect observation
GSS 5: Logical inference
GSS 6: The law of  cause and effect 
GSS 8: Building the concept
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Table 3. Students’ Score Percentage of  Pretest, Posttest and N-gain of  Each Generic Skill in Science 
(GSS) Indicator of  Experiment and Control Groups in Osmotic Pressure Material.

GSS
Experiment Group Control Group

% Pretest % Posttest % n-Gain % Pretes %Posttest % n-Gain

GSS 1 8 55 49 25 58 43

GSS 3 18 15 -7 19 33 14

GSS 6 20 63 50 0 27 27

GSS 7 13 40 37 18 81 63

GSS 8 21 55 43 25 49 30
Notes:
GSS 1: Indirect observation
GSS 3: Symbolic language
GSS 6: The law of  cause and effect
GSS 7: Mathematical modeling
GSS 8: Building the concept

Table 4. Statistics Test Result of  Each Generic Skill in Science (GSS) Indicator of  Experiment and 
Control Groups  in Factors that Influence The Reaction Rate Concept

No
Generic 
Skill in 
Science

Normality Test (α=0,05) t-test/ non parametric test

Significance Level Caption Sig. 
Level

Notes

Con.Gr. Exp.Gr Con.Gr. Exp.Gr

1 GSS 1 0,001 0,005 Not normal Not normal 0,852 Not significant

2 GSS 5 0,553 0,126 Normal Normal 0,364 Not significant

3 GSS 6 0,000 0,000 Not normal Not normal 0.863 Not significant

4 GSS 8 0,174 0,021 Normal Not normal 0,608 Not significant
Notes:
GSS 1: Indirect observation
GSS 5: Logical inference
GSS 6: The law of  cause and effect 
GSS 8: Building the concept

Table 5  Statistics Test Result of  Each Generic Skill in Science (GSS) Indicator of  Experiment and 
Control Groups  in Osmotic Pressure Concept

No
Generic Skill in 
Science

Normality Test (α=0,05) t-test/ non parametric test

Significance Level Caption Sig. Level
Notes

Con.Gr. Exp.Gr Con.Gr. Exp.Gr

1 GSS 1 0,170 0,148 Normal Normal 0,440 Not significant

4 GSS 3 0,142 0,005 Normal Not normal 0,042 Significant  

5 GSS 6 0,000 0,002 Not nor-
mal

Not normal 0,122 Not significant

2 GSS 7 0,000 0,000 Not nor-
mal

Not normal 0,048 Significant 

3 GSS 8 0,902 0,399 Normal Normal 0,121 Not significant
Notes:
GSS 1: Indirect observation
GSS 3: Symbolic language
GSS 6: The law of  cause and effect
GSS 7: Mathematical modeling
GSS 8: Building the concept
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osmotic pressure topic the significant difference 
was only in GSS 3 indicator (symbolic language) 
and 7 (mathematical modeling). This showed 
that ICT-based media in this study gave the same 
effective result as learning the method of  direct 
experiment.

The almost similar result is derived from 
research conducted by Liliasari & Wiji (2012), 
but the subject was college student and it compa-
red ICT-based media and inquiry learning. The 
result also showed that there was no significant 
difference between both groups. 

Although Russell (1997) and Chow (1997) 
said that the model of  ICT-based learning has 
the advantage of  displaying image, video, pho-
tography, graphic, animation, text, and data, to 
make it possible displaying the chemistry con-
cepts in three-level representation, but the results 
of  this study indicate that such learning is as good 
as laboratory-based learning activities. Thus ICT-
based media can be used as a practical substitute 
for schools that do not have laboratory facilities.

Since this research of  laboratory based 
learning and ICT-based learning was condocted 
separately, it might need to be investigated further 
by integrating those methods. Kozma et al. (2000) 
research showed that computer-assisted represen-
tation can help students in describing their rese-
arch in terms of  the process that they expect to 
happen and chemical properties of  substances 
resulting from their experiments. Based on these 
findings the same study with appropriate modifi-
cations for high school students can be done furt-
her to find out the result.

CONCLUSION

Based on the result of  implementation 
chemistry learning using ICT-based media on 
the topic of  osmotic pressure and the factors that 
influence the reaction rate, it can be concluded 
that learning with ICT-based media was sucessful 
to provide the same effect as good as laboratory-
based learning on generic skill in science impro-
vement. The use of  ICT-based media is better 
used to replace laboratory for schools that do not 
have the facility to improve GSS indicators of  
indirect observation, the law of  cause and effect 
and building concepts.

For schools that have chemistry laboratory 
and computer facilities are suggested to involve 
students in using multiple representations (ICT-
based) in conducting laboratory activities parti-
cular inquiry (either in asking questions, making 
predictions or stating the purpose of  the investi-
gation that they did. Its effectiveness can be te-

sted further through further research to determine 
whether the laboratory-based learning integrated 
with the use of  multi representation by computer-
assisted can provide better learning outcomes or 
not.
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