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Abstract. The ability to represent a phenomenon in various forms either graphically,
mathematically, in diagrams, etc. is the ability of multiple representations. This study aims to
provide an overview of the multiple representation abilities of prospective science teacher based
on their learning styles. The sample was 59 students of the 4th semester of Science Education
Study Program, Universitas Negeri Makassar who took course of Fluid. The research instrument
used were a learning style test and a representation ability test on dynamic fluid material in the
form of multiple choices. The results of the learning style test showed that 21 are auditory
learner, 11 are kinesthetic, and 27 are visual. Furthermore, the results of the representation ability
test related to image representation, graphic representation, verbal representation and symbolic
representation were analysed according to the visual, auditory, and kinesthetic learning styles.
The results of data analysis showed that the highest average value of graphic representation
ability was owned by students with a visual learning style in the medium category. Furthermore,
the highest value of the ability to represent images, symbols, and verbal was had by kinesthetic
learner with each category, medium, high, and high. Based on these results it can be concluded
that science teacher candidates with kinesthetic learning styles have better representation
abilities than the other two learning styles.
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1. Introduction
The quality of education is dependent on the quality of teachers because teachers are the most important
factor in improving the quality of education. Research shows that teachers' knowledge and skills have a
significant impact on their student’s academic performance [1][2]. Therefore, it is very important to
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ensure adequate abilities of prospective teachers in terms of mastery of knowledge and skills/abilities
that support the teaching and learning process.

The experience lecturing in science teacher candidates at Universitas Negeri Makassar, one of the
universities in Indonesia, shows the lack of students' ability to understand verbal language and translate
it into the form of mathematical equations. In addition, it is found that in the subjects such as
fundamental physics, waves, fluids, and others, students have limited skills in linking graphs with
mathematical data. Furthermore, they also cannot translate the graphic into verbal language. As an
example; For the graph of the relationship between the deviation and the period, students still cannot
determine the period of a sinusoidal or longitudinal wave based on the graph presented in the questions.
Another example is students only know the deviation symbolized by Y but they have not been able to
describe the deviation in a graph. These facts show that some students do not have sufficient multi-
representation on a natural phenomenon.

Multiple representations are a combination of formats used to conclude, process, or display
information [3]. The teacher's ability to convey a material of subject will greatly affect the student's
representation ability. When teachers can instruct in various ways or various kinds of representations,
students will have knowledge of various representations in their minds [4].

Multiple representations are classified into 5, namely concrete, verbal, symbolic, visual, and,
gesture, and that visualization describes how to produce its meaning based on the representation [3][5].
The representation that is most commonly found today is a visual representation. Why is that, because
humans are faster to process the information provided through visual elements. In terms of processing
information, humans process image information or visual elements 60000 times faster than text [6].
Therefore, in this millennial era, more information is presented in a visual form in the hope that this
information or knowledge can be quickly received by the brain.

Visual representation engages the human sense of sight so that branches of this representation
include, image representations, graphs, and diagrams. Furthermore, for symbolic representations related
to the use of mathematical symbols and in chemistry the symbolic representation becomes very broad
because every chemical element has a symbol and there are chemical reactions that use many symbols
[7]. Therefore, in chemistry learning, multiple representations are divided into 3 types, namely
macroscopic, microscopic and symbolic representations [8] [9]

On the other hand, in physics learning, Leigh defines multi-representation as a sequential
translation of a physics problem given from one language symbol to another, starting with writing a
verbal description of the problem, then moving it to an adapted image and diagrammatic representation,
and ending (usually) with a mathematical formula that can be used to determine the answer using
numbers [10]. In science learning, students must acquire conceptual knowledge and the ability to
maximize representation (graphical representations, words, and equations) used for communication and
problem solving. The learning process which more often involves students with elements of visual and
symbolic representations, completes the words displayed verbally and in writing, can increase their
desire to use these representations gradually and reach the advanced stage of using representations.
Using multiple representations asks students to be able to combine representations in a meaningful way.
To do this, students need to translate between representations and thus learning strategies designed to
facilitate this also apply to research findings [11].

Beside teachers must create learning that facilitates multiple representation of students, teachers must
also consider how students learn. How to make it easier for them to receive information known as
learning styles. In general, students will find difficult to process information if they feel uncomfortable
with the way the information or knowledge is presented. Some students have different learning styles,
have different way to obtain information and are dominant in one form of learning style [12].

Although each researcher uses different terms, DePorter & Hernacki argues that researchers have
agreed that there are two main categories of how we learn, first, how we absorb information easily
(modality) and second, how we organize and process the information (brain domination). A person's
learning style are combination of how he absorbs, organizes and processes information. Thus everyone
has a style of learning in accordance with their own personality. According to Bandler and Grinder that
although most people have access to three modalities (visual, auditory, and kinesthetic) and almost
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everyone tends to one learning modality which acts as a filter for learning, processing, and
communication. [13].

Some students adore to learn when the information is presented with pictures but also there are
students who like to learn by listening and some students like to involves physical learning. For example,
students with a visual learning style will find it easier to process the information obtained by presenting
the information in a visual form, such as pictures, graphics, etc. Therefore, knowing student learning
styles is important so that teachers can adjust teaching methods with the majority of students' learning
styles because it affects academic performance [14][15][13][16]

Assessing learning styles does not only contributes to students' meta-knowledge and it can create a
basis for improving their control mechanisms in regulating their own learning environment. Even before
students become involved in the setting of the learning environment, learning styles can be a very
important factor [17].

Based on the explanation, it is able to conclude that that people with visual learning styles will easily
represent images or visual elements because they are easier to process information if the information is
in the form of a visual display. To see whether people with visual learning styles will be able to have
better visual representation abilities compared to other learning styles as well as verbal representation
abilities, and others, a study was conducted to see how the representation abilities of science teacher
prospective students in terms of their learning styles.

2. Methods

This research is a quantitative descriptive study that describes the representation ability of science
teacher candidates in terms of learning styles. Sampling was carried out by selecting all 59 students of
the science education study program who programmed the Fluid course in the even semester of the
2019-2020 academic year.

The research instruments used were a learning style diagnostic test and a multiple choice test of
representation ability. Learning style diagnostic tests were adopted from tests that had been developed
by experts while the representation ability test was developed in accordance with the courses taken by
students, fluid material.

The research data were analysed using descriptive statistics to identify the level of representation
ability of science teacher candidates in general. This analysis was also used to determine the level of
representation ability of them based on learning styles (visual, audio and kinesthetic).

3. Result and Discussion

3.1 Research Result

3.1.1 Learning Style

Learning style diagnostic tests are given to all fourth semester students of science education study
program who program fluid courses via google form. The test results indicate that there are variations
in the learning styles of the students. The results of learning styles can be shown in Table 3.1 as follow.

Table 1. Result of Test of Learning Styles

Learning Styles Count of Learning Style Percentage of Learning Style
Auditory 21 35.59%
Kinesthetic 11 18.64%
Visual 27 45.76%
Grand Total 59 100.00%

From Table 1, it shows that the largest percentage of learning styles is visual as 45.76% (27
participants). In addition, the smallest number of learning styles is owned by the kinesthetic with 11 out
of 59 people or around 18.64%. Furthermore, the auditory learning style is in the middle position with
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a percentage of 35.59%. Furthermore, after giving a diagnostic test, the following step is conducting

representation ability test after fluid course finished.

3.1.2 Representation Ability based on learning style

The results of the representation ability test were divided into representations of graphic, pictures,
symbols, and verbal. The following table is the average result of the representation ability test. The

categories used are five categories, namely very low, low, medium, high, and very high.

Table 2. The average value of Multiple Representation Ability

Learning Style Average Value of Representation Ability
Graph Level Image Level Symbol Level Verbal Level
1) ) (©) (4)

Auditory 61.90 Mediu 52.38 Low 47.62 Low 59.52 Medium
m

Kinesthetic 59.09  Mediu 63.64 Medium 68.18 High 72.73 High
m

Visual 59.26 Mediu 44.44 Low 44.44 Low 59.26 Medium
m
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Figure 1. (a)Question No 2 and answer percentage, (b) Question No 2 and answer percentage
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Table 2 indicates that the graphical representation abilities of all types of learning styles are in the
medium category. Furthermore, in the image representation ability, the highest average score was
obtained by prospective teachers with a kinesthetic learning style, a value of 63.64, in the medium
category and the lowest was owned by the visual learning style with the low category. The next data
shows the ability of mathematical symbol representation and it count in term that the highest average
score is possessed by prospective teachers with a kinesthetic learning style in a high category. This also
applies to the average value of the verbal representation ability which is also the highest owned the
kinesthetic learning style.

The results of the test analysis, it was invented that there were two questions in which many of the
science teacher candidates chose the wrong answer. These two types of questions are the types of
guestions made to measure the ability of image representation, question no 2 and question No.5.
Question no 2 shows a picture of a container with a hole in the side so that water emits from the container,
and based on the picture students are asked to determine how to do it water coverage is maximum (see
Figure (a)). Furthermore, question No.5 also shows a picture of pipes arranged with different diameters,
participants are asked to choose the greatest pressure on the four tubes (see Figure 1 (b)).

From the number of participants who answered correctly, in question 2, it was found that 19
participant who answered correctly were spread across the three types of learning styles. Furthermore,
in question number 5, it can be seen that 6 students with an auditory learning style answered correctly
out of 11 participants, and only 2 people who answered correctly from students with a visual learning
style (see Table 3.3).

Table 3. Two MR test item with More Misunderstanding

Learning Item number 5 Item number 8
Styles frequency  percentage (%) frequency  percentage (%)
Visual 5 26 2 18
Auditory 7 37 6 55
Kinesthetic 6 32 3 27
Grand Total 19 11

3.2 Discussion

The learning style diagnostic test is intended to detect the type of learning style of science teacher
candidate. This is intended so that the results of the test researchers can obtain information on the
distribution of learning styles in the research subject and what learning styles are dominant. This test is
also intended to get an idea of how the representation ability of each learning style is.

From the results of the study, it was found that the dominant learning style of the 4th semester
science teacher candidate was visual, followed by auditory and kinesthetic. This result is in line with the
number of visual learning styles worldwide, namely 83% of visual people, although the percentage of
visual people in science teacher candidates is less, namely 45%. Research conducted also found that of
the 251 students who were given learning style tests, the results showed that the majority of students
were visual learning styles [14]. Furthermore, being aware of these results, the teaching style is adjusted
to the student's learning style and the results show that there is a significant impact when adjusting the
teaching style to the student's learning style [4[18]. These results indicate the importance of knowing
students' learning styles so that how to teach adapts to their learning styles.

Although several studies have shown that there is a significant effect when the teaching method is
adjusted to the learning styles of students, there are also studies that show the opposite. Some of the
results of research indicate that incorporating elements of learning styles to design appropriate learning
cannot contribute to the quality of problem solving or increase declarative knowledge. The results
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showed a lack of correlation between learning style variables and academic achievement. The results
shown are both science and mathematics achievements, both of which show no correlation between
learning achievement and learning styles [10]. Other studies have also found that there is no influence
on learning styles and the form of teaching on student academic achievement [20] These results indicate
that there are other factors that can affect student learning outcomes.

One factor that can play a role in learning outcomes is the implementation of multiple
representations in learning. The results show that in science learning, students are able to overcome the
concept of science well when they use multiple representations [21][22][23].. Information presented in
multiple representations provides supporting data that supports cognitive processes and it can reduce the
possibility of misinterpretation of a concept so as to strengthen conceptual understanding [24].

The multiple representation abilities measured in this study are representations of images, graphics,
symbols, and verbal in terms of visual, auditory, and kinesthetic learning styles. This research is intended
to see the representation ability of students with visual, auditory, and kinesthetic learning styles. From
the results of the data analysis of the representation ability test, information was obtained that for the
ability of graphical representation, the three learning styles had a medium level of ability, which meant
that students with different learning styles had relatively the same graphical representation ability. These
results also indicate that the ability to represent graphics still needs to be improved to a high or very
high level.

Furthermore, the ability to represent mathematical symbols that shows the highest average score is
chosen by students with a kinesthetic learning style, medium level. On the other hand, students with
visual and auditory learning styles are at a low level. This result is similar to the ability of verbal
representation where students with the kinesthetic learning style who have the highest score are at a high
level while the other two learning styles are at the medium level. The results showed that students with
kinesthetic learning styles had better cognitive knowledge about fluids than the other two learning styles.
Good concept knowledge is influenced by the ability to represent material in various representations so
as to minimize misconceptions.

Furthermore, the ability to represent images where the test results show that students with kinesthetic
learning styles have better image representation abilities than the other two learning styles, namely at
the medium level while the others at low levels. This result is quite surprising because the ability to
represent images of students with visual learning styles is quite low. As it is known that students with a
visual learning style readily receive and process information presented in the form of visual such as
pictures, graphics, etc [13].

Generally, the averages value of the image representation ability of the three types of learning styles
are low. Judging from several question items from the image representation, it shows that many students
chose the wrong answer. The questions are number 5 and number 8. In question number 5, a picture is
presented and students must be able to determine the maximum range of water that comes out of the
tube. The problem requires the ability of students to represent images into symbols and requires
knowledge to formulate mathematical equations so that there are factors from students' cognitive
knowledge to be able to answer this question correctly. Therefore, the choice of answers is not only
influenced by the students’ image representation abilities but also their cognitive knowledge.
Furthermore, question No. 8 shows that many students choose answers that are contrasting with the
correct answers. These results indicate a misconception about the concept.

Based on these results, it is very important to apply multiple representation learning in the
classroom, teach how to translate image representations into mathematical equations or mathematical
symbols, or translate mathematical representations into verbal representations and so on so that
understanding of a concept is well developed and misconceptions do not occur [23][25][26].

4. Conclusion

The highest average value of graphic representation ability was owned by students with a visual learning
style in the medium category. Furthermore, the highest value of the ability to represent images, symbols,
and verbal was had by kinesthetic learner with each category, medium, high, and high. Based on these
results it can be concluded that prospective science teacher with kinesthetic learning styles have better
representation abilities than the other two learning styles.
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