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ABSTRACT

The purpose of this study was to determine the development of mental models (MM) of students as well 
as to analyze the differences in MM based on the learning model used. This research is expected to be a 
guide for teachers in exploring the concept of physics as a whole. The study was conducted at the high 
school level with a medium level school category. The research method used mixed methods embedded 
experimental models with surface level, matching and deep (SMD) diagnostic test instruments. The results 
of the study showed that there were an increase on students’ MM at each meeting in the SMD level. Other 
results show that there are differences in the mean scores corrected between levels of the learning model. 
The mean score corrected PBL mental model is significantly different from conventional. The increase in MM 
students with PBL was higher than the increase in MM students with conventional learning. Thus, PBL can 
be recommended to increase MM students' physics of  high school students.   
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allowing it to be interpreted (Reinfried & Tem-
pelmann, 2014). Therefore, in building mental 
model for a beginner is different from someone 
who is an expert in his field. So, in modifying 
learning very depends on the mental model of 
an individual who already has a certain amount 
of knowledge which called conceptual change 
(Banks & Millward, 2000).

Students can use mental models to un-
derstand invisible physics phenomena, such as 
those that occur on a microscopic scale. Edu-
cational psychologists explain that mental mo-
dels are internal thoughts that act as a structu-
ral analogy of a situation or process (Stains & 
Sevian, 2015). Its role when someone tries to 
understand, explain, and have a good predicti-
on of a phenomenon (Greca & Moreira, 2000). 
Understanding mental models allows the deve-
lopment of more effective communication and 
decision making (Lin & Chiu, 2007).

The mental model process can be used 
to investigate physical concepts and the in-
formation can be accessed by the teacher so 
that it helps in building students’ understanding 

INTRODUCTION

The mental model in principle is an in-
ternal representation of several domains that 
support understanding of a problem. Mental 
models represent more complex forms of con-
ceptual knowledge that have a causal relation-
ship. The main characteristic of the mental mo-
del is the structure associated with knowledge 
about the real world and the phase of proces-
sing knowledge which is a unit of memory by 
involving symbols that reflect the knowledge of 
knowledge itself, thus giving birth to better lear-
ning processes (Ahi, 2016).

Mental models are built from individual 
cognitive representation systems, represen-
ting simplifications, illustrations, analogies, and 
simulations of real objects. In order to under-
stand new knowledge or certain phenomena, 
mental models that are built refer to previous 
knowledge, with the information presented 
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of concepts (Itza-Ortiz, Rebello, & Zollman, 
2004). One of the topics of physics taught in 
learning is elasticity. The teacher’s task is not 
only to teach the concept macroscopically but 
also microscopically and it must be considered. 
The teacher will give structured questions from 
the lowest level to the highest level. Informa-
tion about the development of student mental 
models for each meeting has not been well 
explored, so teachers are not able to map the 
mental models of students as evaluation ma-
terials for learning in each learning (Danken-
bring & Capobianco, 2016). Mental models in 
physics learning indicate the right reasons in 
compiling good knowledge in explaining exp-
licitly the assumptions about a phenomenon 
(Hubber, 2006). 

There is still a constrain in implementing 
contextual teaching in high school physics in 
Malang. The learning is still a teacher centered 
mode, so that students are less given opportu-
nity to develop their conceptual knowledge at 
the microscopic level. As a result students be-
come confused in developing a conceptual fra-
mework. This is in accordance with Adbo & Ta-
ber (2009) finding that such learning processes 
have an impact on student boredom and also 
affect students’ cognitive learning outcomes in 
physics. 

The results of physics learning at a num-
ber of high schools in Malang reported by Yo-
gantari (2015) revealed that as many as 35% 
of students experienced difficulties in the ma-
terial Elasticity and Hooke Law, 30% in Optics, 
and 15% in Kinematics. The difficulty is caus-
ed by less optimal learning process especially 
in hands on activity experienced by students. 
As many as 76% of students stated that lear-
ning in the classroom was still dominated by 
the teacher as a learning resource. As many 
as 14.6% of students found it difficult to under-
stand the physics presented in the form of dia-
grams, 33% had difficulty understanding con-
cepts, 38% had difficulty using mathematical 
representations, and the rest had difficulty ma-
king conclusions based on analysis. Research 
results also prove that high school students in 
Malang still find it difficult in the topic of Hooke 
Law and Series and Parallel Series (Batlolona, ​​
Diantoro, Wartono, & Latifah, 2019). Difficulty 
in understanding physical concepts shows that 
misconceptions occur and concept mastery is 
still low. Both of these factors indicate that stu-
dents’ mental models are still low. 

Future physics learning in high schools 
in global is directed to prepare students to be 

able to obtain good knowledge so that what 
they obtain can be used to solve problems in 
everyday life. But many researchs proves that 
high school students still have difficulty in un-
derstanding physics concepts well, for example 
on the topic of temperature and heat (Schnittka 
& Bell, 2011); energy (Gabe-Thomas, Walker, 
Verplanken, & Shaddick, 2016); electric chain 
(Doran, Böhm, & Hanss, 2018); static electri-
city (Bongers, Northoff, & Flynn, 2019); light 
(Furlough & Gillan, 2018); the concept of mo-
tion in Newton’s law (Langbeheim, 2015); ther-
mal equilibrium (Fernandez, 2017). This is be-
cause that many people think the teacher can 
transmit knowledge from one person’s mind 
to another person’s mind, so that the teacher 
plays a more active role in learning. Thus stu-
dents can only hear, record, and work on the 
instructions given by the teacher, finally lear-
ning is only centered on the teacher (Smit, de 
Brabander, & Martens, 2014).

Difficulties in learning physics result in 
low student learning outcomes. This is due to 
the lack of exploration and empowerment of 
students’ mental models of physics. Physics 
learning is currently more directing students 
to the completion of the material rather than 
mastery of physics concepts. Even though the 
teacher do not quitely concern that by maste-
ring a good physics concept, it has an effect on 
improving student learning outcomes

Topic of elasticity is an important part of 
learning physics and everyday life. This can be 
seen when almost all human activities to pro-
tect the limbs whether head, body and feet use 
elastic material. Mental models are very suitab-
le when collaborating with material elasticity. 
Mental models explain the macroscopic and 
microscopic state of a material so students will 
get used to explaining how the state of a par-
ticle or molecule is given force.

Problem based learning (PBL) is one of 
the pedagogical approaches that allows stu-
dents to learn actively with meaningful prob-
lems. Where students are given the oppor-
tunity for authentic problem solving through 
collaborative learning in encouraging mental 
enhancement of student models in learning 
(Hmelo-Silver, 2004). The study results report 
that with PBL students gain learning experien-
ces through developing questioning and thin-
king skills to solve physics problems (Hapsoro 
& Susanto, 2011). Each phase of PBL stages 
has the potential to facilitate students in impro-
ving their quality of mental models that stimu-
lates better changes in the structure of thinking 
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(Servant-Miklos, 2019). Group learning activi-
ties in order to solve problems or cases, en-
courage students to think with their knowledge, 
identify information needed, find more relevant 
information, and analyze and evaluate in order 
to arrange the problem solving. These activities 
have an impact on changing the mental models 
of students. In addition, the involvement of real 
experiences in learning is expected to stimu-
late students ‘mental models and increase 
students’ creative thinking skills in physics (O 
Doherty, Mc Keague, Harney, Browne, & Mc-
Grath, 2018). PBL has the potential to change 
students’ mental models. Students ‘real expe-
riences in learning can be further enhanced by 
creating learning situations through students’ 
mental models (Lycke, Grøttum, & Strømsø, 
2006).

Studies of mental physics models and 
PBL are still limited and were be done separa-
tely. That is research on mental models of phy-
sics concepts only or learning physics with PBL 
only (Chiou & Anderson, 2010). Mental models 
using PBL learning models on the material 
elasticity of solid material have never been stu-
died. Therefore it needs a comprehensive and 
in-depth study of the process of change or the 
development of mental models of students by 
applying the PBL model in physics learning. 
Therefore, the purpose of this study is to find 
out how PBL influences students’ mental mo-
dels on the material elasticity of solids.

METHOD

This study was used a mixed methods 
to explore the research subject. Research 
conducted using the embedded experimental 
model design (Cresswell & Clark, 2007) as il-
lustrated in Figure 1.

Figure 1. Embedded Research Design (Adap-
tation from Creswell & Plano, 2007: 68)

The first step is to conduct a pretest to 
find out the mental model of students with the 
form of problem description before the PBL 
model is implemented. Problem description 
consists of 10 diagnostic questions in one con-

cept. Pretest results are used as quantitative 
data. Then the intervention was carried out in 
the form of implementing PBL model learning.

The second step, intervening with PBL 
implementation, qualitative data collection were 
carried out in the form of observing the imple-
mentation of the PBL Learning Implementation 
Plan (RPP) as well as the development of stu-
dents’ mental models. The observation activity 
was assisted by five observers and the learn-
ing activities were documented with photos and 
videos. Obervation activities include various 
aspects of the material being studied including 
elastic and non-elastic objects, stress, strain 
and Young’s modulus, Hooke’s Law in paralel 
and series arrangements of springs.

The third step was posttest about the 
students’ mental models with the same ques-
tions as in the pretest session. The fourth step 
was conducted to collect qualitative data about 
teachers and students responses through 
questionnaire responses and interviews toward 
PBL implementation. The questionnaire consist 
of 10 questions which were related to teach-
ers and students’ satisfaction regarding with 
learning using the PBL model and followed by 
interview. After all the stages have been carried 
out, interpretations of the results of the qualita-
tive data collections has been carried out and 
triangulate them with quantitative data in order 
to draw conclusions in accordance with the for-
mulation of the research problem.

This research was conducted at SMA 
Negeri 8 Kota Malang. The school is included 
in the medium level, which means the sample 
of students in heterogeneous classes because 
the academic ability of students in one class 
is not homogeneous or varied (high, medium, 
and low). The research subjects in this study 
are class X students who are determined by 
random sampling through lottery techniques 
so that two classes are obtained which are the 
experimental and control classes. The samples 
in this study were 77 students, those who were 
determined randomly.

Data collections were conducted by ob-
servation, in-depth interviews, and tests. Ob-
servations were made by using mental model 
observation sheet related to student activities 
and carried out in every meeting and were 
observed by three observers who have been 
trained. The observations were carried out four 
times with different sub topics including elas-
tic and non-elastic objects; stress, strain, and 
Modulus Young; Hooke’s law; and series and 
parallel of springs arrangements. In-depth in-
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terviews were conducted to reconfirm student 
answers after working on student worksheets 
(LKS) on each sub topic or meeting. Interview 
questions were addresed to ten best questions 
developed from the four sub topics. The last 
data were collection techniques through mental 
model tests before treatment (pretest) and after 
treatment (posttest) with PBL.

In the control class using the usual lear-
ning patterns without any special treatment for 
students. Students who experience learning 
with this pattern, usually do not get special at-
tention from the teacher in improving students’ 
mental models. The learning approach applied 
is conventional in nature, which is centered on 
the teacher as a source of learning, so that stu-
dents’ skills in reconstructing their abilities are 
not facilitating.

The instrument in this study uses a diag-
nostic test developed by Ifenthaler (2006) in the 
form of a structured essay of 10 questions. The 
instrument used had passed the instrument 
testing stage at SMA 2, SMA 4, SMA 5, and 
Santa Maria High School Malang. The test re-
sults revealed the value of the instrument con-
tent validity of 0.72 and reliability of 0.86 which 
was analyzed by the SPSS 23.00 for Windows 
program. The mental model includes three indi-
cators, namely surface (S), Matching (M), and 
Deep (D). The type of mental model questions 
are diagnostic tests consisting of three levels 
on one question. The assessment is deter-
mined by reference, namely 1) If the student 
answers point 1 correctly then the student has 
a Surface mental model (S), 2) If the student 
answers point 1 and 2 correctly then the stu-
dent has a Matching mental model (M) and 3) 
If students correctly answer points 1, 2 and 3 
then the student has a Deep mental model (D) 
as shown in Table 1.

Table 1. Indicators of the Mental Model SMD 
Assessment According to Ifenthaler (2006)
Type Assessment criteria

S Students answer correctly but are 
unable to give reasons or reasons 
given scientifically incorrect

M Students answer correctly by giving 
explanations or reasons correctly

D students answer correctly and give 
correct explanations, in addition to 
being able to give scientifically cor-
rect answers to predictive questions.

Data analysis used in this study uses 

descriptive and inferential statistics. Descripti-
ve data analysis was performed to determine 
the development of students’ mental models 
at each level in each learning. Besides testing 
the PBL mental models with conventional lear-
ning. Data analysis through inferential statistics 
with anacova test was carried out to test the 
hypothesis using pretest and posttest data as-
sisted by SPSS 23.00 for windows program. 
In the analysis, the pretest data functions as a 
covariate. If the anacova test results show that 
the Fcount value is significantly different, then 
proceed with the LSD (Least Significance Dif-
ference) test.

	 Normality and homogeneity data tests 
are performed first as a condition for hypothe-
sis testing. Normality test is used to ensure that 
the pretest and posttest data are normal, while 
the homogeneity test is to ensure the data is 
homogeneous. The independent variable in this 
study is a learning model consisting of PBL and 
conventional learning models. Control variab-
les include the teacher who taught, the number 
of hours of learning, teaching materials, LKPD 
(Student Worksheet) used by students, and 
the test instruments. The type of data obtained 
from the results of the SMD assessment of stu-
dents’ mental models is the ratio.

RESULTS AND DISCUSSION

The first steps in PBL is orientation to 
problems related to the concept of elasticity 
and directed in making hypotheses about phy-
sics phenomena given by the teacher. From 
these activities students are directed to be 
able to solve the initial problems given by the 
teacher through experience and abilities pre-
viously obtained so that the initial mental mo-
del will play an active role in solving problems 
at a simple level (Pasco & Ennis, 2015). The 
next step, the teacher organized students in 
heterogeneous groups by giving a case about 
the plane. The question raised from this case 
is why the wheels of the plane are made with 
a small size to carry on the large scale of the 
plane. The next question in this case is what 
is the state of tire particles when the plane is 
landing. In this case, students will provide a 
scientific view in accordance with the concepts 
they have learned.

Reconstruction of the mental model of 
students has begun to experience a good in-
crease where the average student gives alter-
native answers to the case. The third stage is 
to guide individual or group investigations. In 
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this stage students are directed to find them-
selves and solve themselves based on a given 
theory. The case arises is using a spring, but 
replaced with a sponge. In this section measu-
re the constant of a sponge when given a mass 
increase. Thus the mental models of students 
that are formed are stronger because they find 
something new in reconstructing previous the-
ories. Therefore students will confirm the fin-
dings with the theory developed (Cheng & Lin, 
2015). Stage four is that students are directed 
to develop and present their work in front of the 
class based on the findings. So there is a good 
exchange of information between one group 
and another. The fifth stage is analyzing and 
evaluating the problem solving process (Ste-
wart & Bower, 2019). All the stages that are 
present provide a great opportunity in impro-
ving students’ mental models

	 During the learning process, students 
were given a mental model score on each in-
dicator based on the assessment rubric. The 
categories obtained by students if the score 1 
is good enough, 2 is good, and 3 is very good. 
In this study students are considered to have 
a mental model if they are at a high level and 
very good. The results of observations of men-
tal models of students at each meeting from 
one to four experienced a significant increase 
from the level of not answering to deep. These 
results are presented in Figure 2 untill Figure 5. 

Figure 2. Mental models of students at meet-
ings 1 to 4

At the first meeting students amounted 
to 36.84%, still in the category of not good, 
quite good/surface (47.37%), good/matching 
(15.79%) and at this first meeting there were no 
students in the deep category . This is because 
students are still not familiar with the learning 
patterns applied.

At the second meeting five students oc-
cupied the unfavorable category (13.16%), the 
moderately good category/surface (44.74%, 
the good/matching category (18.42%) and the 
deep category (23.68%). students are getting 
used to the learning patterns that are applied 
and students’ conceptual structures begin to be 

formed.
At the third meeting no longer found 

students who were in the poor category, the 
surface 28.94%, the good/matching catego-
ry (42.12%) and the deep category (28.94%). 
This is because students are familiar with the 
learning patterns that are applied and the con-
ceptual structure of students has been formed.

At the fourth meeting there were no 
more students who were in the unfavorable, 
fairly good/surface (7.89%), good/matching 
(39.48%) and deep (52.63%) categories. This 
is because students have found good learning 
patterns by applying PBL learning models so 
that the structure of students’ knowledge has 
been good and students have not experienced 
misconceptions but have a conceptual fit with 
the views of physicists.

The information shows that PBL shows 
its existence in increasing MM students in each 
meeting. In each phase, facilitate in increasing 
MM students. In addition PBL trains more skills 
to improve the mastery of concepts, connect 
theoretical and practical abilities, motivate stu-
dents to learn, think critically and creatively 
(William, Harvey, & Lawson, 2007; Wartono, 
Diantoro, & Batlolona, ​​2018) At the last mee-
ting more many students are at the level of mat-
ching and deep. This shows that the conceptu-
al physics of students has been good. Another 
influential factor is that students are disciplined 
in learning according to the teacher’s instruc-
tions so that all learning phases at each mee-
ting can run well. Similarly, learning outcomes 
in the experimental class when compared with 
conventional classes. Conventional classes, 
focus more on the teacher than students in 
developing thinking skills (Aldarmahi, 2016). 
PBL class students discuss more with peers in 
exchanging information on physical knowledge 
(Hodges, 2018). Anacova test results on the ef-
fect of learning models on mental models are 
shown in Table 2.

The results of the hypothesis test in Tab-
le 2 show that the significance value of the F 
calculated learning model is 0.000. This value 
is smaller than alpha (0.05). This means that 
the null hypothesis (H0) which states there is no 
effect of the learning model on students’ mental 
models is rejected, so the learning model has 
a significant effect on students’ mental models. 
The LSD (Least Significant Difference) (Leasa 
& Corebima, 2017) test results are shown in 
Table 3.

The results of the study prove that the 
learning model has a significant effect on the 
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mental models of students, in this case PBL 
shows a greater effect compared to conventio-
nal learning. How PBL can have a significant 
influence needs to be studied in depth. Besides 
that the mean score of the PBL mental model 
corrected was significantly different from con-
ventional. The increase in MM of students with 
PBL is higher than the increase in MM of stu-
dents in conventional learning.

In a learning process that is found is a 
variety of thinking between students. This is 
evidenced by the different student concepts. 
Therefore from the differences that are needed 
a good concept by combining different thoughts 
to give birth to an idea or concept that is true. 
This pattern is formed from a series of individual 
activities that form a group to discuss problems 
that must be solved together. By combining 
ideas from groups will build mental models of 
student physics models.

PBL applies and provides modeling to 
solve a problem with a similar structure. There-
fore students are required to solve these prob-
lems. Problems that are structurally different, it 
will require students to identify the problem also 
structurally. With a different structural will help 
them to develop mental model schemes that 
are stronger than various types of problems 
(Scott, 2014). In learning, students’ conceptual 
knowledge is different, concepts are formed in-
dividually, therefore students need to be seated 
in groups to equalize perceptions, strengthen 
existing mental models.

The concepts formed in groups are rep-
resentations of memory to stimulate students’ 
cognition to be more sensitive. When a mem-

ber explains a concept, the group’s mental mo-
del will change so that it triggers new ideas and 
enriches it to create new knowledge (Rentsch, 
Mello & Delise, 2010). Learning with PBL stu-
dents are stimulated to be more active, which is 
characterized by problems as the main trigger 
then students actively to build mental models 
and find alternative solutions (Williams & Palt-
ridge, 2017).

Problem solving in PBL is practical, mea-
ning that students directly carry out problem 
solving activities, not only learn theoretically to 
solve problems. In practice, the teacher needs 
to train students gradually and receive feed-
back on the problem-solving process they do 
(Jonassen, 2011). PBL encourages students 
to analyze problems and make hypotheses 
about these problems. Next, students discuss 
in groups to prove the truth of the hypothesis. 
Reporting student work is done through simu-
lations to other groups to get responses or 
feedback from fellow students and teachers. 
Feedback is needed to confirm the relationship 
between the variables raised by the hypothe-
sis. In this process students will be shown men-
tal models that are formed during the problem 
solving process. The results of interviews that 
show students’ mental models on the surface, 
matching and deep levels are shown in Table 4. 

The summary results of other students’ 
answers at the microscopic level can be exp-
lained as follows. First students will assemble 
tools according to the instructions in the work-
sheet then students measure the length of the 
spring first. The results of communication bet-
ween teacher (T) and student (S) are as fol-

Table 2.  Anacova Test Results The Effect of Learning Models on Students’ Mental Models
Source Type III Sum of Squares Df MeanSquare F Sig.
Corrected Model 4147.9a 2 2073.9 63.7 .000
Intercept 46154.3 1 46154.3 1418.1 .000
Xmodel 1.5 1 1.5 .05 .831
Model 4144.0 1 4144 127.3 .000
Error 2408.5 74 32.5
Total 373070.5 77
Corrected Total 6556.315 76
R Squared = 0.633; (Adjusted R Squared =0.623)

Table 3. LSD Test Results The Effect of Learning Models on Mental Models

Model Xmodel 
mental

Ymodel 
mental Difference MM corrected LSD Notation Increasement

(%)
PBL 31.8211 76.4263 44.6052 76.425 a 140.17
Conventional 32.0949 61.7487 29.6538 61.750 b 92.39
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Table 4. Qualitative Summary of Student Answer Results

Questions Students’ answers Categories
1. In modern society the car is one of the means of transpor-
tation that greatly helps human activities. On sedan vehicles 
are equipped with springs on the front and rear.
[1]  What happens if the car crosses a bumpy or bumpy 
road?
[2] Why is every suspension given a four-wheeled vehicle?
[3]  What is the state of the molecule in the suspension of the 
vehicle when passing through potholes?

[1] If the car passes a pothole, 
the vehicle will experience a 
shock. Another thing is the spring 
will be compressed, stretched, 
and returned to normal.

S1

Surface (S)
Students 
are only 
able to 
answer in 
the first part 
[1]

5. Consider the picture, showing the force on increasing the 
length of a 2 m long aluminum wire with a cross-sectional 
area of ​​1 mm2. Point A is called the elasticity limit; the length 
addition is proportional to the tensile force. OA is called the 
elastic region and Hooke’s law applies.
[1] What happens to the OA region, if the tensile force is 
removed?
[2] Explain what if the tensile strength is at point B?
[3] What is the condition of the molecule, if the pull force is at 
point C?

[1] If the pulling force is removed 
at the OA point, the wire will 
return to its original shape.

[2] If the tensile force is at point 
B, then the area is the maximum 
critical limit or the maximum force 
applied to the wire without break-
ing it or is called the bend point.

S25

Matching 
(M)
Students 
are only 
able to 
answer in 
the first part 
[1] and [2]

6. A number 1 archery athlete in Indonesia took part in the 
2018 Olympic archery championship in Brazil.
[1] What happens if the athlete pulls with a large enough bow 
style?
[2] Explain why this is so?
[3] What is the state of particles, when an athlete pulls a 
bowstring tight enough?

[1] If the athlete exerts a suffi-
ciently large force then the stress 
and strain values ​​are also large 
and the arrows will move faster.
[2] Because the amount of pull on 
the bowstring affects the velocity 
of the object. The greater the 
tensile force, the faster the arrow 
moves. Thus the distance trav-
eled is also getting further.
[3] Bows have elastic properties, 
so that when an athlete pulls a 
bow, the constituent particles 
of the bowstring and bow move 
away from the equilibrium 
position and resist resistance 
to deformation (London style). 
Resistance arises in the form of 
a reaction force to maintain its 
shape.

S30

Deep (D)
Students 
are able to 
answer all 
questions 
well

Information:S1 = student number 1 on the class attendance list; S 25 = student number 25 on the class attendance list;
S 30 = student number 30 on the class attendance list

B
c

A

O
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lows.
The student anser that “by adding the load or 

mass to the spring will result : 
Particles which were initially at rest will moved 
fast. The distance between particles is farther 
away”. Information:
T = teacher
S3 = student number 3 on the class attendance 
list
S20 = student number 20 on the class atten-
dance list
T : Measure the length of the spring first using 

a ruler.

Students were try to describe how is the 
state of the particle when the spring has not 
been given any weight.

S3 : The state of particles in a normal or station-
ary state

T : Please add weight to a spring and measure 
the length of the spring.

Students were try to tell and describe how 
is the state of particle when given 200 g of 
weight.

S20 :

CONCLUSION

Based on the discussion of the results 
of the study it is concluded that the applicati-
on of PBL had an effective effect in improving 
students’ mental models on the concept of ma-
terial elasticity of solids. Thus PBL can be app-
lied to improve students’ mental models on the 
material elasticity of solids. The implication of 
this research is to provide good information to 
teachers and scholars that PBL is very good in 
improving students’ conceptual abilities. Limita-
tions in this study are still in one aspect, namely 
measuring students’ mental models on the con-
cept of elasticity. Therefore ongoing research 
to explore other dependent variables that can 
make a positive contribution in learning physics 
still needed.
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