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ABSTRACT
The analysis of mental models is a part of the identification of students’ thoughts on the concept. Mental models
analysis is conducted by conditioning the complex problems such as the isomorphic issues. The research objective is to analyze the development of students’ mental models on the topic rotational motion dynamics. The
study was designed with the mixed method. The design phase of the research was conducted in both quantitative
and qualitative approach. The quantitative phase was performed by providing pre-test, learning, and post-test
containing isomorphic problems; while qualitative phase was implemented by interview and quiz. The data were
analyzed quantitatively and qualitatively. The results of the study categorizes mental models into three types, i.e.
Low Mental Model (LMM), Moderate Mental Model (MMM), and High Mental Model (HMM). Based on the
pre-test results, it was proved that all students used Low mental model in resolving the isomorphic problems. Using the Low Mental Model, it was found that students have misconceptions on the moment of force and moment
of inertia. Mental models developed gradually from Low mental model to Moderate Mental Model and then
reached the High Mental Model Mental. It was observed from the results of pre-test, quizzes, and post-test. The
quiz and post-test results showed the students who used Mental Model and High Mental Model.
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INTRODUCTION
Diagnosis in learning is a form of assessment. One objective of the assessment is to
determine the ability and learning difficulties
experienced by students (Kusairi, 2012: 6). The
ability and students’ learning difficulties can be
identified through a description of students’ way
of thinking. When a person is trying to solve a
problem, the person will create a model in his
mind about how is the way to conquer the problem. Model that describes a person’s mind in solving the problems, a form of the response to the
phenomenon and the situation can be defined as
a mental model (Greca and Moreira, 2002, Coll
*Alamat korespondensi:
Email: nadhiratul.khasanah@gmail.com

& Treagust, 2003, Engelhandt et al, 2003, Ornek,
2008). Fazio et al (2013) defines more specifically
about mental model of physics that includes the
student’s ability to determine a reason when constructing a knowledge and explicitly explain the
allegations of knowledge. Mental models are not
easy to identify a person’s mental model which
represents a different thought on everyone (Coll
& Tragust, 2003). However, the students’ mental models need to be known by educators as an
initial diagnosis in learning (Chiou, 2013). Mental models are not easy because of the nature of
mental models that are tend to be unstable, inconsistent, and always changing as more information
is obtained or recalled (McClary & Talanquer,
2011). Mental model developments would gradually become better as the mental models of experts
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in a particular domain (Seel, 2006, Darabi et al,
2009). Therefore, mental models can evolve where to diagnose the development of mental models require eight principles that must be observed
(Seelet al, 2008), namely: 1. It is embedded in
complex problem situations; 2. It is applied in different subject domains; 3. It allows the construction, modification, and reorganization of mental
models; 4. Data collection on mental models is in
a longitudinal design; 5. Able to demonstrate the
construction of mental models in a row until it
was perfect from beginner to expert; 6. Referring
to the expert model characteristics; 7. It provides
the quantitative data which are valid and reliable;
8. It allows direct methodological analysis and interpretation of data collected.
Eight principles which were established
by Seel et al (2008) form the basis for this study. Complex problem to diagnose mental models can be presented in the form of isomorphic
problems and longitudinal research design to do
several times diagnosis. The material in different
situations or contexts that make researchers used
varies categories of mental model type (Bao &
Warnakulasooriya, 2001, Fazio et al, 2013).
In fact, isomorphic problems are the problem that have different features but use the same
physics concepts to solve problems (De Cock,
2012). Isomorphic problems can be presented
in several forms of matter. In research by Singh
(2008), the isomorphic problems presented in the
form of open-ended. The open-ended items have
some advantages and disadvantages. The advantages of open-ended instrument can reveal the
students’ mental models without restricting the
expression of the students’ thinking way.
The isomorphic problems are given to
students through physics learning. The physics
subject covers the complex problems to diagnose
the students’ ability to solve the problem. One of
mental models among the items that need to be
overcome by the physics students is the concept
of the dynamics of rotational motion. The research results suggest that there are some students
of various classes with the same difficulties in understanding the concept of rotational motion and
the rolling material (Rimoldini & Singh, 2005,
Close et al, 2013) . The learning process given to
students is oriented to the everyday life problems.
There are some researches to identify the mental model using the various instruments (Didişet
al, 2014). The methods and instruments are used
to achieve the certain results. This study aims to
diagnose the development of students’ ability in
the topic of dynamics of rotational motion using
mental models.
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METHOD
This study employed a mixed method research design (Cresswell, 2007). The study consisted of two phases which quantitative and qualitative. In the quantitative phase began with the
provision of pre-test before learning, intervention
with problem-based learning, and post-test after
the lesson. Qualitative phase following each stage of the quantitative phase. Qualitative phase
was conducted by interview after the pre-test and
post-test, as well as the provision of a quiz question in each lesson. The results of the interview
can clarify answers written by students. Results
of interviews used to support a deeper analysis of
the mental model of students’ thinking way. Interviews were conducted because not all students
could express the answer through written language. The subject of this research was 19 students
of class XI IPA at SMAN Jenangan, Ponorogo.
Questions used to diagnose mental models in the
form of 10 questions with the open-ended isomorphic shaped.
The data analysis was performed by using
qualitative and quantitative approaches. The
quantitative analysis was performed by counting
the percentage of students on each type of mental models in pre-test, quizzes and post-test. The
qualitative data was obtained by coding the students’ answer to categorize the students in three
mental models, i.e High mental model (HMM),
Moderate mental model (MMM), and Low Mental Model (LMM). The categorization of dominant mental model was performed by analysis of
mental models which were used by students to
answer 10 questions. If students used 40% type
of mental model in answering 10 questions, then
that models are dominating the student’s mind.
The classification of students in three types of
mental models is adapted from the research of
Wang & Barrow (2010). Students are categorized
as LMM if they get 0-3 points on their mental
model characteristics to answer the question.
Next, if they get 4-6 point, that means they are
classified as LMM. Finally, if the students obtain
7-10 points, they could be use the HMM. Those
classifications are set according to the stage and it
depends on the analysis of the characteristics of
problems solving.
RESULT AND DISCUSSION
The results of the analysis is presented in
the form of column-chart as shown in Figure 1.
Figure 1 shows the percentage change in the number of students in pre-tests, quizzes, and post-test.
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The pre-test result showed 100% students using
Low Mental Model to answer questions. After
students obtained complete information through
learning, Moderate and High mental model were
starting to be seen on their answers to the quiz
and post-test.

Figure 1. Percentage of Students in Each Type of
Mental Model.
Students experienced a gradual development of mental models. This mental model changes were caused by the influence of the information obtained. The nature of mental models of
the students tend to be unstable, inconsistent, and
it is always changing as more information is obtained or recalled (McClary & Talanquer, 2011).
Description of students’ mental models is shown
as follows.
Low Mental Model (LMM)
The number of students who use the LMM
in pre-test was 100%, quizzes was 64.42%, and
the post-test was 57.89%. In pre-test, students answered question number 2, 4, 5, 10 using LMM as
much as 100%. The response of students in problem solving using LMM is shown in Figure 2.

Figure 2. An example of student’s answer in the
pre-test which is categorized as LMM
Students who used the LMM tend to respond by providing an explanation. However,

their explanation was not based on the concept
of physics. The explanation given to answer the
question were based on the observations or experiences encountered by students everyday. Based
on Figure 2, further interview was conducted and
the results of interviews with students showed
that the student’s assumption was based on their
experience that has ever happened. When using a
screwdriver that fits to the place, it will be easier
to detach/attach the screws. The question states
that the screwdriver shape is paired. For example,
star screwdriver is used to unscrew a hollow star,
whereas strip screwdrive is applied to unscrew
the strip. The LMM mental models have similar
characteristics to the practical mental model of
research Fazio et al (2013).
Number of students with LMM on the
quiz and post-test were reduced, it was because
of students were able to process the information
obtained when learning. At LMM stage, it was
found that some students had the misconceptions.
Misconceptions experienced tend to be resistant
because of the student’s answers did not change
from pre-test to post-test. Misconceptions are resistant in accordance with the finding of Wang
(2007) which stated that individual misconceptions and understanding lead to the development
of mental models with features that are not true,
making the mental models produced will provide feedback erroneous and reinforce misconceptions. Answer of students who have misconceptions can be seen in Figure 3. The misconception
experienced by students in line with the results of
research Rimoldini & Singh (2005).
The students’ answer as shown in Figure
3 shows that they have not used the moment of
force concept to explain the screw rotation. They
thought that the force influences the difference
on power to open the screw with screwdriver and
with hands. They did not know that the screwdriver can form the torque; therefore it influences
the moment of force value that can rotate the screw.
The student’s answer in Figure 3 indicates
that students have misconceptions. The students
assumed that the objects can roll faster because
of the mass, weight, and shape of the surface of
objects. Twelve students in pre-test and two students in post-test showed their assumption that
solid ball have the higher mass; therefore, it can
roll faster. Moreover, the solid texture influences
the ball movement.
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The pattern of responses as in Figure 4
illustrates that the student is able to analyze the
moment of force but has not been able to connect the influence of moment arm force against
force. Students have not been able to link the relationships between concepts, the concept used less
precisely.

(A)

(B)
Figure 3. (a) The student’s answers in the misconception on moment of force (b) The student’s
answer in the misconception on inertia moment.
Moderate mental model (MMM)
The number of students using the type
of MMM was 37% in solving the quizzes, and
21.05% when they worked on the problems of
post-test. In pre-test, there were no students who
predominantly used the MMM to solve problems. The answer of students who used MMM
can be seen in Figure 4.
Students who used MMM could analyze the concept, although their analysis on concepts were less precisely. Moreover, other students could use the concept in solving equations.
MMM has characteristics that similar to the type
of mental models in the descriptive research by
Fazio et al (2013).

Figure 4. The students’ answers in the post-test
with the type of MMM.

High Mental Model (HMM)
There was small number of students who
were included in this type of HMM in this study.
The number of students answered the problem
in quiz using HMM was 5.26% and in the posttest was 21.05%. Students who used the HMM to
answer the problems in question by providing the
correct analysis of the concept, although it has
not perfect yet.
The characteristics of HMM type are similar to the type of mental models in expliciative
research by Fazio et al (2013). Students who used
HMM provided information through interviews
where they answered that they can understand the
material studied which ranged from 75% -85%.
The student’s level of understanding on the material affects the mental models built. Seel (2006)
stated that the relationship with the conception of
mental models such as cause and effect is because
of students build a mental model of the concepts,
rules, and associations of potential students. The
example of the student’s answer with high mental
model can be seen in Figure 5.

Figure 5. The students’ answers in the post-test
with HMM.
The pattern of responses as in Figure 5
shows that students can analyze the problem properly, without knowing the value of the moment
of inertia of solid ball. The results of the interviews showed that the students said that they can
predict that the moment of inertia of the small
solid ball. It is because they can memorize the
learning material about the moment of inertia of
cooked eggs which are smaller than the moment
of inertia of raw eggs and also the movement of
two different eggs. Students with HMM were able
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to connect the observations and the underlying
concept.
Mental models of students is experiencing a gradual shift by phase. At the beginning
before the learning, students only have Low
Mental Model, but after learning there are some
students who experience changes in mental models become Moderate or High Mental Models
Mental Model. Changes in such mental models
is not uncommon. Students’ mental models can
be developed near the mental model of an expert when it obtained the full information (Seel,
2006, Darabiet al, 2009). Isomorphic to the problem presented can affect students’ mental model
changes because a student can use different mental models in response to a set of circumstances
or issues deemed equivalent by an expert (Fazio
et al, 2013).
CONCLUSION
The conclusion of this study is based on
the results and discussion as much as two points.
First, there are misconceptions in students with
mental model of the type Low Mental Model. The
student with misconceptions has a Low Mental
Model which is a thing that needs to be known by
educators in the learning plan. Misconceptions
can be reduced by providing learning that focuses
on the concept. Second, mental models can evolve gradually into such an experts mental model.
Mental model of a person may change because
of the nature of mental models are unstable, inconsistent, which is caused by the development
of the information obtained. The development of
mental models starts from Low to High Mental
Models. The development of the low mental model in pre-test can be reduced when resolving the
existing problems in the quiz and post-test.
REFERENCES
Bao, L. & Warnakulasooriya, R. 2002. Toward a Model-Based Diagnostic Instrument in Electricity
and Magnetism - An Example, In PERC proceedings, Aug 2002.
Chiou, G. 2013. Reappraising the relationships between physics students’ mental models and
predictions: An example of heat convection.
Physical Review Special Topics- Physics Education
Research 9, 010119.
Coll, R. K. & Treagust, D. F. 2003. Investigation of
secondary school, undergraduate, and graduate
learners’ mental models of ionic bonding.Journal of Research in Science Teaching. 40 (5), 464-486
Close, H. G., Gomez, L. S., & Heron, P. R. L. 2013.
Students’ Understanding of The application of

Newton’s second law to rotating of rigid bodies. American Journal of Physics
Creswell, J. W., & Clark, V. L. P. 2007. Designing and
Conducting Mixed Method Research. Sage Publication, Inc.
Darabi, A., Hemphill, J., Nelson, D. W., Boulware, W.,
& Liang, X. 2009. Mental Model Progression
in Learnig the electron transport chain: effects
of instructional strategies and cognitive flexibility.Adv in Health Sci Educ (2010) 15:479–489
De Cock, M. 2012. Representation use and strategy
choice in physics problem solving. Physical Review Special Topics- Physics Education Research 8,
020117
Didiş, N., Ali, E., Erkoç, Ş. 2014. Investigating students’
mental models about quantization of light, energy, and angular momentum. Physical Review
Special Topics- Physics Education Research 10,
020127
Engelhandt, V. P.,Edgar, D. C., & Rebello, S. N. 2003.
Teaching Expreiment-What it is and What
isn’t. AIPProceedings of the Physics Education Research Conference, Madison. 2003, Vol: 720
Fazio, C., Battaglia, O. R., & Di Paolo, B. 2013. Investigating the quality of mental models deployed
by undergraduate engineering students in creating explanations:The case of thermally activated phenomena.Physical Reviev Special TopicsPhysics Education Research 9, 020101.
Greca, I. M. & Moreira, M. A. 2002. Mental, Physical,
and Mathematical Model int the teaching and
Learning of Physics. Science Education Research.
28006
Kusairi, S. 2012. Asesmen Formatif dalam Pembelajaran Fisika. Jurusan Fisika Universitas Negeri
Malang.
McClary, L. & Talanquer, V. 2011. College Chemistry
Students’ Mental Models of Hailstone Formation. International Journal of Environmental &
Education, Vol. 8, No.1, 163-174.
Ornek, Funda. 2008. Models in Science Education: Applications of Models in Learning and Teaching
Science. Internasional Journal of Enveronmental &
Science Education, 3 (2), 35-45.
Rimoldini, L. & Singh, C. 2005. Student understanding of rotational and rolling motion concept.
Physical Review Special Topics- Physics Education
Research 1, 010102.
Seel, N. M. 2006. Mental Models in Learning Situations.
Dalam G. E. Stelmach (Ed), Advances in Physichology (hlm.85-107). Netherlands: Elsevier
B.V.
Seel, N. M., Pirnay-Dummer, P., Ifenthaler, D. 2008.
Mental Models and Problem Solving: Technological Solutions for Measurement and Assessment of the Development of Expertice.
Techonology Instruction. Cognition and Learning
Journal, 2(4), 317-336
Singh, C. 2008. Assessing student expertise in introductory physics with isomorphic problems.
I. Performance on nonintuitive problem pair
from introductory physics.Physical Review Spe-

N. Khasanah, Wartono, L. Yuliati / JPII 5 (2) (2016) 186-191
cial Topics- Physics Education Research4, 010104
Wang, C-Y. 2007. The role of mental-modeling ability,
content knowledge, and mental models in general chemistry students’ understanding about
molecular polarity. (Disertasi). Columbia: University of Missouri.

191

Wang, C-Y.& Barrow, L. H. 2010. Characteristics
and Levels of Sophistication: An Analysis of
Chemistry Students’ Ability to Think with
Mental Models. Springer Science+Business Res
SciEduc (2011) 41:561–5

