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Abstract: This purpose of this research is to analyse students’ learning outcomes based on mental models of 

atomic structure. Data were collected from test of mental model (i.e. perception test, imagination test, and 

discourse comprehension tests) and interview. Analyse data used descriptive method. Subject is 32 student of 

chemical education in academic years 2012/2013 of Mulawarman University. The results of this research were 

positive; 1. Mental model of perception has average value of 41.74 in moderate criteria. 2. Mental model of 

imagination has average value of 42.95 in moderate criteria. 3. Mental model of discourse comprehension has 

average value of 51.84 in moderate criteria. It shows that students’ learning outcomes based on mental models 

of atomic structure in moderate criteria. Research findings is there are three students who had two mental 

models of perception and imagination. Due to mental models held by the students are expected to change 

because of its dynamic character. 
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I. Introduction 
Mental models are used to produce form of concept be more simple, provide simulation and support for 

visualization, as well as to provide the scientific phenomena. Mental models provide a framework for the 

interpretation of ideas and activities; assist in restructuring existing information and aid in the inculcation of 

new information. Mental models are deeply held internal images of how the world works, images that limit us to 

familiar ways of thinking and acting 
[1]

. Mental models have very important influence on the development of 

scientific knowledge. Therefore, mental models have a central role in science. In recent years, a number of 

researchers have begun to test the effects of team mental models on team performance. These studies have 

documented the beneficial effects of team mental models on team task effectiveness
 [2-9]

. While encouraging, 

these studies leave several questions unanswered. The results of recent studies suggest that team benefit when 

their members share similar mental models of the team’s task
 [5]

. The team mental model construct grew out of 

prior theory and research in cognitive psychology regarding individuals’ mental model
 [10]

. Rouse and Morris 

defined a mental model as a mechanism whereby humans generate descriptions of system purpose and form, 

explanations of system functioning and observed system states, and predictions of future system states
 [11]

. 

Mental models are organized knowledge frameworks that allow individuals to describe, explain, and predict 

behavior 
[11,12]

. Mental models specify relevant knowledge content as well as the relationships between 

knowledge components 
[9]

. An individual’s mental model was reflect the individual’s perception of reality 
[13]

. 

Accordingly, mental models vary in their accuracy and coherence
 [14-16]

. Further, mental model accuracy is 

predictive of individual performance
 [17,18].

 A number of theorists have adopted a cognitive perspective, 

suggesting that team mental model-defined as ‘team members’ shared, organized understanding and mental 

representation of knowledge about key elements of the team’s relevant environment’
[19] 

may enhance team 

members’ coordination and effectiveness in performing tasks that are complex, unpredictable, urgent, and/or 

novel 
[2]

. Team members who share similar mental models can, theorists suggest, anticipate each other’s 

responses and coordinate effectively when time is of the essence and opportunities for overt communication and 

debate are limited
[4]

. In addition, teaching chemistry to build mental models requires a strategy that involves the 

use of chemical representations as mentioned above accurately to build a mental model of students requires an 

understanding of the three levels of chemical phenomenon. 

Various research on mental models have shown very important to enhance the students' understanding 

of chemistry concept 
[20- 23]

. The use of concrete models, image representation, animation and simulation has 

proven beneficial for the students' process of understanding of chemical concepts, particularly the concept of 

molecular or submicroscopic level 
[24]

. Some research on mental models have found that many students have a 

very simple mental model of chemical phenomena, for example atomic and molecular models which are 

depicted as discrete and concrete structures, but do not have the skills to build more complex mental model 
[22,25,26]

. Several researches indicate that many factors can affect the ability of students to make connections 

between the three levels of chemical phenomenon in growing thinking skills 
[27-29]

. Mental models are unstable 
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and the student's ability to operate or use their mental models in order to explain the events that involve the use 

of a visual model is very limited, so the need for ongoing training to build it 
[26; 30-32]

.  

The result of preliminary study in chemistry education of Mulawarman University, Indonesia was 

found problems in chemistry learning as following: (1). Students attend chemistry classes solely in order to 

pass. (2) the student attends learn not to increase knowledge. (3) Student’s learning outcome in low 

criteria caused by low motivation in chemistry learning. (4) Students have limitation in mental 

models. Therefore, there are several solutions to improve student learning outcomes that learning 

process should be effective; students must take an active role in the learning process, the role of 

parents in teaching their children and society as a student learning. (i.e. chemistry learning based on 

mental model). The variables can build mental models of the students in between perception, imagination, and 

understanding discourse. Those variables are the elements of a mental model builder. Perception is a mental 

activity gives meaning (interpretation) of the information received by memory. Imagination is a cognitive 

process in which the elements in mental activity separated from sensory sensation. Imagination involves 

synthetic blends aspects of memory, memories, or experiences into different mental constructions. In addition to 

the perception and imagination, a person's mental models are also a function of the level of understanding of the 

discourse. 

The purpose of this study is to analyse students’ learning outcomes based on mental models of atomic structure. 

The following research questions were investigated: 

1. How students’ learning outcomes based on mental models of atomic structure? 

2. How profile students’ mental models (perception, imagination, and understanding discourse) of atomic 

structure? 

 

II. Method of Research 
This research used descriptive methods.  Subject is 32 student of chemical education in academic years 

2013/2014 of Mulawarman University. Data were collected from test consists of learning outcomes test and 

mental model tests (i.e. perception test, imagination test, and discourse comprehension tests) and interview. 

Analyse data used descriptive method. The study involved students as participants fill in a matter of form test 

questions. The test consists of learning outcomes test and mental model tests (i.e. perception test, imagination 

test, and discourse comprehension tests of atomic structure). Then the findings from these tests through analysis 

to determine the profile of a review study findings are based on student mental models. 

Procedures of research as following: 1. Phase of preparation; this phase begins with the identification 

of students who experience learning outcomes in the atomic structure and mental models of atomic structure. 2.  

Phase of implementation; in this research, a written test and interview on Chemical Education in Mulawarman 

University students who have studied the atomic structure at the school and campus. 3. Phase of analyse and 

evaluation; The final stage in this research is reporting research results which includes the processing and 

analyzing research data written test results, further discussion of the results of the analysis and concludes by 

drawing conclusions and giving advice. 

 

III. Result And Discussion 
A. Students’ Learning Outcomes Based On Mental Models of Atomic Structure 

The students’ learning outcomes based on mental models of atomic structure have average value of 

students is 42.23 in moderate criteria.  The result of this results supported by another research that various 

research on mental models have shown very important to enhance the students' understanding of chemistry 

concept 
[20- 23]

. But over time the ability of the students to remember the material they have understood reduced. 

This is due to several factors (1) the lack of memory of students; (2) lack of interest in reading students; (3) the 

use of learning strategies are less effective. The learning environment will be successful if students have passion 

or motivation, understanding of the material that has been taught, good memory of the material that has been 

taught and use of strategies or methods appropriate to the learning process, thus increasing student 

understanding. The decline student results are due to the student experience as following (1). Students attend 

chemistry classes solely in order to pass. (2) Students attend learn not to increase knowledge. (3) Student’s 

learning outcome in low criteria caused by low motivation in chemistry learning. (4) Students have limitation in 

mental models.  Students’ mental models of atomic structure as follows: (1) Mental model of atomic structure of 

perception has average value of 41.74 in moderate criteria; (2) Mental model of imagination has average value 

of 42.95 in moderate criteria. (3) Mental model of discourse comprehension has average value of 51.84 in 

moderate criteria. Mental models specify relevant knowledge content as well as the relationships between 

knowledge components 
[9]

. From the analysis of learning outcomes based on student mental models can be said 

that the influence on learning. As a teacher you should know in advance the extent of students' understanding of 

the material that will be taught. Once it can be determined that the appropriate learning model that can help 

students to develop a mental model of the student in order to minimize the occurrence of incomprehension 
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students the material to be taught. Selection of learning models tend to be difficult indeed to the class by the 

number of students that much. However, these obstacles can be reduced by equalizing students' perceptions of 

the material to be taught. Once you know the extent to which students understand the material to be taught. Then 

it can be determined that the appropriate learning model of student mental models besides student mental 

models can also be developed mental models of imagination and discourse of the students so that abstract 

concepts can be more easily understood. Lecturer is expected to explain clearly understanding the terms 

chemical that arise during the teaching material. As it is known that student have perception mental model in 

criteria moderate towards chemistry learning especially in atomic structure. This is related to how students 

understand the mental models of learning for students. 

 

B. Profile Students’ Mental Models (Perception, Imagination, And Understanding Discourse) Of 

Atomic Structure 

Mental models are structures constructed knowledge of the individual to understand and explain the 

experience. Mental model like as a representation in the mind of real or imaginary situations. Mental models are 

organized knowledge frameworks that allow individuals to describe, explain, and predict behavior 
[11,12]

.  The 

definitions of mental models are so varied that basically has the same meaning that the mental model of a person 

can change because of the dynamic nature, the dynamic nature of the change and will usually be repaired when 

additional information. Due to the dynamic nature of mental models spawned a new terminology that mental 

model mix and pure mental models. A student may have more than one mental models at the same time, the 

students said to have a mental model of the mix when the phenomenon occurs when students have their own 

knowledge about a concept of chemistry that might go wrong and learn about the knowledge of chemical 

concepts that should be used, which means a mix of knowledge between self-knowledge and knowledge of 

others. While pure mental model is that if a student is always using his own knowledge without the need to 

listen to other people the knowledge or explanation. This means that a person is capable of holding two or more 

mental models that are not consistent. Mental models can be expressed through the writings and drawings. 

Based on this statement it is about a matter that is written is also accompanied by imagination has been linked to 

atomic structure. Instrument detection of mental models is the perception, imagination and discourse 

comprehension. The ability of perception, imagination and discourse comprehension is an attribute that can 

present a person's mental models.  

 

1. Profile students’ perception of atomic structure 

Perception has meaning response (acceptance) directly from an absorption or process by which 

someone knows some things through the senses. Perception is process to interpreting information by using 

knowledge that has been stored in memory. Perception as the ways people interpret the information obtained 

based on understanding the individual. Based on these definitions can be understood that the perception can be 

interpreted as an interpretation of a person to an understanding of information based on an object. It is apparent 

occur different perception of objects the same, depending on the level of understanding and interpretation of 

each individual of the object
[8,33]

. And also the ability to perceive a model correctly play an important role in all 

disciplines, but most importantly in chemistry because many chemical phenomena explained by using a model 

of learning especially in atomic structure. In a matter of perception tests amounted to 8 multiple choice 

questions. In tests this matter is given a score if the answers are correct score of 1 if the answer wrong score of 

0. This test is useful to determine the ability of students to the beginning of the atomic structure of matter. From 

the results of this test are 79% of students who have a mental model of perception. It can be concluded that the 

number of students who have a mental model of perception on tests of mental models of this, for it was through 

this research professors are expected to explain to the students to use learning strategies appropriate as 

expository learning that emphasizes the process of delivery of material received verbally, with this strategy 

lecturers can determine the extent to which students master the material, this strategy can be used for a number 

of students and large class sizes. Therefore, before this strategy is applied first lecturer must formulate learning 

objectives are clear and measurable. It is very important to understand, because of the specific goals it possible 

to control the effectiveness of the use of learning strategies so that students can understand the material properly 

especially in atomic structure. 

 

2. Profile students’ imagination of atomic structure 

We often misunderstand the meaning of the imagination. In reality, imagination is a sense of work in 

developing a broader idea of what's been seen, heard, and felt. With imagination, people develop something of 

simplicity to be more valuable in mind. To avoid misunderstanding, the writer explain a little about the 

Imagination, Imagination origin of the word Imaji / Imag, Image, latent images, images that are not visible, 

which was created by the efforts of Mental person, which can be used as learning techniques. The next test is a 

test of mental models mental model of the student's imagination. From the results of this research is that there 
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are 15 students who have a mental model of the imagination. Through these tests the researchers found that the 

lack of students who experience mental models with imagination than the mental model of perception that is 

17.04% of students who have a mental model of the imagination. It can be concluded that students in the test 

about this mental model that has a mental model of the imagination that is 17.04% of the students. The lecturers 

must to improve the student's imagination. At the time of teaching materials chemistry such abstract orbital, 

atomic forms, and other materials, it helps lecturers give an idea directly to the students so that the mental model 

of the imagination of students according to existing concepts
[12,33]

. Therefore the learning model that 

corresponds to increase mental models that use model student imagination non example/example learning. This 

learning model using images as a medium of learning in the delivery of learning materials aimed at encouraging 

students to learn to think critically to solve the issues contained in the examples of the images presented. The 

use of media image was conceived and designed to allow students to analyze images and language skills into a 

brief description of what is in the picture. So with this learning model can improve the mental model of the 

student's imagination. 

 

3. Profile students’ discourse comprehension of atomic structure 

Discourse comprehension discourse is defined as the process of extracting meaning by a person of the 

written language. The results of this study are students did not understand the mental model tests discourse. It 

can be understood because the chemical found learning new words or unfamiliar to students, to the need to 

increase understanding of mental models of discourse, because the chemical material will be found new terms 
[27,33]

. It is therefore expected to have a faculty instructional strategies to improve student mental models of 

discourse that inquiry strategy. Inquiry strategy is a series of learning activities that emphasize critical thinking 

and analysis process to search for and find their own answers on an issue that is questionable. This strategy is a 

form of learning-oriented approach to the students said that because of this strategy the student plays a very 

dominant in the learning process. So it can improve mental model student discourse. 

 

Research Findings 

From the analysis of research there are three students who had two mental models of perception and 

imagination. Due to mental models held by the students are expected to change because of its dynamic 

character. This gave rise to the dynamic nature of the new terminology that is purely mental models and mental 

models mix. Pure mental models that mental models are of yourself means understanding of a matter only came 

to him without mixing the knowledge that comes from others. This pure mental model of the students usually 

has only one mental model only. While the mental model is a mix of students who have more than one mental 

model of this is due to mixing of students understanding derived from various sources, this means that every 

human being has more than one mental model
[33]

. From the results of data analysis tests of mental models are 

3.40% of students who have a mental model of perception and imagination. It can be concluded that the three 

students who have more than one mental model include having a double mental model. 

 

IV. Conclusion 
The results of this research were positive; 1. Mental model of perception has average value of 41.74 in 

moderate criteria. 2. Mental model of imagination has average value of 42.95 in moderate criteria. 3. Mental 

model of discourse comprehension has average value of 51.84 in moderate criteria. It shows that students’ 

learning outcomes based on mental models of atomic structure in moderate criteria. Research findings is there 

are three students who had two mental models of perception and imagination. Due to mental models held by the 

students are expected to change because of its dynamic character. Limitation of this research as following: 1. 

Sample in this research was 32 student’s chemistry learning of Mulawarman University, Samarinda, Indonesia. 

Future research can be more sample and another level and countries. 2. Learning outcomes based on mental 

models of atomic structure; other researches can improve this result.  
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