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Abstract

The territory of Indonesia is dominated by vast oceans. Therefore, Indonesian citizens should be
equipped with a deep understanding about sea currents and sea pollution. This study aims fo
identify the conceptions held by pre-service primary school teachers about both sea currents and
sea pollutant migration. The study also aims to identify whether pre-service primary school teachers
see arelationship occurring between those conceptions. The study involved 147 pre-service primary
school teachers from one of Indonesia’s feacher training institutions. Four-tier diagnostic tests were
used to gather data about the conceptions of pre-service primary teachers. The data were
interpreted and analyzed in a descriptive quantitative method. The results showed that pre-service
primary school teachers’ conceptions about sea currents and sea pollutant migration were mostly
in the category of ‘misconception’ and ‘have no conception’. The correlation test about the ability
of pre-service primary school teachers to explain the concepts of sea currents and sea pollutant
migration was also not significant. The results of this study indicate a need to improve the quality of
teaching and learning for pre-service primary school teachers about convection by linking it to sea
currents and sea pollutant migration. A
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Indonesia is the second-largest contributor of marine waste in the world after
China and the amount of marine waste has been increasing over the last few
years (Purba, 2017; Synthesis Report of the Ministry of Maritime Affairs, 2018). The
quality of river water in Indonesia is also worsening due to the release of high
pollutant substances into the sea and other waterways (Informasi Kinerja
Pengelolaan Lingkungan Hidup Daerah Provinsi Jawa Timur, 2017; Martinus,
Astono, & Hendrawan, 2018). An investigation about river quality monitoring in
Indonesia during 2013 also showed that 75.25% of river waters were heavily
polluted and only 0.49% of river waters met the criteria of a clean water feasibility
study (Kurniawan, 2013). Factory waste is not the only cause of pollution.
Household waste is also a significant cause of pollution (European Commission’s
Directorate-General Environment, 2011; Informasi Kinerja Pengelolaan
Lingkungan Hidup Daerah Provinsi Jawa Timur, 2017). Such a condition becomes
a common concern because natural sustainability is a guarantee of the
sustainability of living organisms and their ecosystems. These pollutants migrate
into bodies of water and are spread far from where the pollutants originate.
Therefore, it is fundamental for everyone, especially teachers, to understand
about the concept of pollutant migration in bodies of water. A teacher is most
responsible for ensuring that all citizens who have passed nine-years of
compulsory education have adequate knowledge about pollutant migration.
Furthermore, the teacher should correctly infroduce changes in the environment,
to map the conceptions of the environment, and create an integrated and
sustainable environmental education program for students (Bolscho &
Hauenschild, 2006; Kasimov, Malkhazova, & Romanova, 2002; Surata & Vipriyanti,
2018). The teacher must explain to students that pollutant migration into the sea
occurs because of the presence of sea currents. Sea currents can be explained
by using the concept of convection.

Convection occurs because of differences in water temperature, so water
with higher temperature (lower density) moves from the surface of the water to
the seabed. This movement is also followed by water with a lower temperature
(higher density) moving up from the seabed to the surface. Both movements
travel great distances, and together, create the global conveyor belt which
plays a dominant role in determining the climate of many of the Earth’s regions.
Waters that move vertically or horizontally are called sea currents. The sea
current is shown in Figure 1.

If the water contains pollutant particles, the movement of water particles can
be followed by pollutant particles and cause pollutant migration. Based on this
explanation, it can be concluded that a good understanding of convection
(heat transfer accompanied by particle displacement) becomes a prerequisite
concept for pre-service primary school teachers to understand about sea
pollutant migration. The process of sea pollutant migration is shown in Figure 2.
The concentration of pollutants decreases gradually in the garbage disposal site
(Area A) whereas another site (Area B) increases.
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Figure 2. Sea pollutant migration

Students' conceptions about pollution become increasingly complex as they
get older, and teachers are challenged to choose learning strategies and
evaluations that are appropriate to the context and development of students'
cognitive dimensions (Stavridou & Marinopoulos, 2001). Student conceptions
about pollution problems are abstract and difficult to measure, therefore,
teachers need to consider the stages of cognitive development and the ages of
their students when developing activities to promote student understanding
about pollution in order to avoid misconceptions (Valeiras & Godoy, 2007).
Research shows that student understanding about the concept of the
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environment is incomplete, and they are unable to show the connection
between fundamental concepts of environmental knowledge (Liu & Lin, 2015;
Rebolj & Devetak, 2013). Students tend to separate the objects of observation
rather than understanding the relationship between such objects and the
processes which occur in nature (Ahi, Balci, & Alisinanoglu, 2017; Liv & Lin, 2015).
Even teachers experience misconceptions about environmental issues (Liu, Yeh,
Liang, Fang, & Tsai, 2015). The results from another also shows that
misconceptions about environmental problems, especially pollution in water
areas, are relatively high amongst primary students (Stavridou & Marinopoulos,
2001).

The teacher should teach the concept of the environment correctly fo
stfudents. However, research findings show that many teachers have
misconceptions about environmental issues (Aksan & Celikler, 2015; Boo, 2005;
Celikler & Aksan, 2014; Chaniarosi, 2014; Lukmanudin, 2017); the findings also
show that teachers are the main source of creating misconceptions in student
understanding because a teacher is the single source of learning in the
classroom. Therefore, tfeachers need to master the basic concepts of science to
support a learning activity, and to minimize the likelihood of misconceptions
occurring in student understanding. Accurate measuring instruments are needed
fo ensure the mastery level of teachers occurs about the basic concepts of
science and environment, especially regarding pollutant migration into the sea.

Conceptions and misconceptions cannot be measured by ordinary questions
about the definition, evidence, and resolution of standard problems (Kaltakci-
Gurel, Eryilmaz, & McDermott, 2017; McDermott, 1991). Factually several studies
show ways in which to measure teacher misconceptions about various
concepts, for example through standardized multiple-choice (Etobro & Banjoko,
2017), Certainty Response Index (Syahdan, 2017), and three-tier diagnostic tests
(Arslan, Cigdemoglu, & Moseley, 2012). Based on our analysis, these tests have
not measured conceptions at the sub-microscopic level in the form of
visualizations or images.

Visual representations can be an alternative way to investigate conceptions
and misconceptions because teachers and students tend to use figures and
texts to explain multi-representations of abstract phenomena (Nurmalasari, 2016;
Sopandi, Kadarohman, Rosbiono, Latip, & Sukardi, 2018). For example, drawing
is a mechanism that can capture representations of conceptions and
misconceptions as well as show developments in cognitive thinking (Einarsdottir,
Dockett, & Perry, 2009; Haney, Russell, & Bebell, 2004). Drawing is also a reflection
of the way of thinking (Pridmore & Bendelow, 1995). Drawing activities are also a
construction activity that combines hands-on and minds-on activities as well as
visualizing and interpreting the data possessed (Ainsworth, Prain, & Tytler, 2011;
Glynn & Muth, 2008; Quillin & Thomas, 2015; Schwarz et al., 2009). Drawing is an
alternative way to show the representation of conceptions and misconceptions
as a whole, and it also enables a complementary verbal ability of interpreting
the drawing to occur. Other assessment techniques don't always allow for the
visualization of conceptual understanding to be demonstrated (Bahar, Ozel,
Prokop, & Usak, 2008). Therefore, a measurement instrument that is capable of
investigating conceptions holistically is needed. The understanding of pre-service
primary school teachers about the migration of pollutants into the sea will be
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measured by paying attention to the multiple representations shown by figures,
such as drawing, and by complementary verbal explanations.

A diagnostic four-tier question that includes an illustrative figure will be a
suitable instrument to investigate the understanding pre-service primary school
teachers have about the migration of pollutants into the sea. Conventional four-
tier questions usually contain multiple-choice questions about a concept, the
level of confidence in answering the previous question, a reason, and a level of
confidence for the given reason (Kaltakci-Gurel, Eryilmaz, & McDermott, 2015;
Kaltakci-Gurel, Eryiimaz, & McDermott, 2017). Such a framework is modified for
this study by adding instructions to participants for them to create a figure or
drawing from which they can clarify the previously given answers and/or written
responses. The level of confidence is only asked at the end of the instrument
because the student's answers must be integrated and continuous. The content
in focus are sea currents and the migration of pollutants into the sea.

In Indonesia, convection material is taught to students in primary and high
school. Students are also repeatedly taught from primary to secondary years of
schooling that marine pollution is caused by the release of garbage and/or oil
spills info the sea. However, sea currents are rarely infroduced by the teacher as
an example of a contextual convection event which is associated with the
migration of pollutants into bodies of water including the sea. The seawater
convection process is a cause of pollutant migratfion. Discussions about
convection and marine pollution are repeated until secondary school, but
integrative discussion about how the two areas of content are connected are
not carried out very much. If such discussion occurs in class, the presentation of
material is only limited to textbooks and expository narratives. The teaching of
convection and marine pollution in an integrated manner is very important
because it is not only contextual, it is also a socio-scientific issue.

Based on the preceding description, this article seeks to answer the following
research question: "How do conceptions held by pre-service primary school
teachers about sea currents and migration of pollutants into the sea become
represented through use of a four-tier diagnostic test, and is there a correlation
between those conceptionse” Therefore, this study aims to investigate the
understanding of pre-service primary school tfeachers about sea currents and the
migration of sea pollutants by using four-tier diagnostic tests. The study also aims
to investigate how the basic concepts of science about sea currents can
influence the conceptions held by pre-service primary school feachers about the
migration of sea pollutants.

Methodology
Research Design and Subject

This research was a quantitative descriptive study with 147 pre-service primary
school teachers completing their 6th semester at one of the teacher training
institutions in Indonesia. The participants had already taken some classes about
fundamental science and pedagogy. This study was a descriptive case that
explained a phenomenon with numbers to access the characteristics of
individuals or groups (Bernard & Bernard, 2013; Creswell & Creswell, 2017; Punch,
2013). Purposive sampling occurred because the study infended to investigate
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the conceptions held by pre-service primary school teachers who took an
interest in the field of science. Furthermore, purposive sampling techniques
helped to avoid research bias towards a particular object (Fraenkel, Wallen, &
Hyun, 2011). The research process was completed by choosing purposive
subjects then collecting data and then processing the data.

Data Collection Instrument and Process

This study used a modified four-tier diagnostic question instrument (Kaltakci-
Gurel, Eryilmaz, & McDermott, 2017). This instrument consists of two problems: one
problem is related to sea currents, and the other problem is related to sea
pollutant migration. Each problem contains four questions. The first question is
about the nature of sea currents and pollutant migration. The second question
focuses on participant explanations or reasons for their verbal answers. The third
question covers visual explanations to show representations of science. The
fourth question is about participant beliefs in answering the questions. Three
experts from chemistry education, integrated science education, and basic
education were involved in a validation process of the instrument to check for
accuracy and coherency. The instrument also includes unstructured interviews
to get clearer and more detailed answers from the partficipants.

The conceptions of pre-service primary school teachers about sea currents
and migrafion of sea pollutants were analyzed, categorized, and rated
according to the answers written on the answer sheet as shown below in Table
1.

Table 1
Combination Answers and Decisions in the Four-Tiers
Decision Answer Combination Score
1st tier 2nd tier 3rd tier 4th tier
Scientific Selliz el SR
. Know / Correct  Correct Sub- Sure 2
Conception . .
Microscopic
Lack of Knowledge Know / Correct  Correct Connected Sure 5
1 Know / Correct  Correct Unconnected Sure
Know / Correct  Correct Unconnected Not Sure
Lack of Knowledge Partl 1
2 Know / Correct arly Connected Sure
Correct
Misconcention Know / Correct  Incorrect Connected Sure 0
P Know / Correct  Incorrect Unconnected Sure
Know / Correct  Incorrect Unconnected Not Sure
Know / Correct  Incorrect Unconnected, Sure
abstract
Know / Correct  Incorrect Unconnected, Not Sure
abstract
Have No Doesn’t know / Incorrect Unconnected Sure
. Incorrect
Conception : 0
Doesn't know /
Incorrect Connected Sure
Incorrect
Doesn’t know / Incorrect Unconnected Sure
Incorrect
Doesn’t know / Incorrect Unconnected Sure
Incorrect
18
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Answer Combination

Jactian 1 tier 2nd tier 3 fier ST
2 Incorrect Unconnected Not Sure
Doesn't know /
Incorrect

Doesn't know /

Incorrect Unconnected  Sure
Incorrect

To investigate the understanding pre-service primary teachers have about sea
currents and sea pollutant migration, the fest results are examined in
accordance with Table 1. The results were then presented descriptively in the
form of tables to find out (i) the percentage of pre-service primary teachers who
know both the concept of sea currents and sea pollutant migration; and (i) the
quality of verbal and visually represented answers together with their beliefs
about answering the question. The data is also calculated to find out the
average value, standard deviation, and normality. An understanding about the
relationship made by participants between their knowledge about sea currents
and about sea pollutant migration is obtained through a Kolmogorov-Smirnov
normality test and Spearman’s non-parametric correlation test.

Findings

The results of this research are presented in three main points: the conceptions
held by pre-service primary teachers about sea currents; the conceptions held
by pre-service primary school teachers about the sea pollutant migration; and
the correlations identified between the two conceptions. The conceptions of
pre-service primary teachers about sea currents are presented below in Table 2.

Table 2
Pre-Service Primary Teachers’ Conceptions about Sea Currents
No. Aspects Percentages (%)
1 Sea current  Knows Conception: 98%  Doesn't Know Conception: 2%
Conception
2 Verbal Explanation  Correct 2% Partly Correct 2% Incorrect 95%
3 Visual Explanation Connected Sub- Connected- Unconnected and
Microscopic: 0.68% Macroscopic: error: 0%
99.32%
4 Answers Belief Sure: 84 % Not Sure: 16 %

As seen in Table 2, almost all of the pre-service primary school teachers know
about sea currents (98%). Unfortunately, their verbal and visual explanations
show their conceptions to be at a very low level. Only a small percentage of
participants can provide scientific explanations, both verbally (2%) and visually
(0.68). The large percentage score about participant beliefs in their answers
provided to the previous three questions (84%) indicates they are not guessing a
response to the questions but are instead putting forward their firmly held beliefs.

The conceptions held by pre-service primary school teachers about sea
pollutant migration are presented below in Table 3. Pre-service primary school
teacher participants claim to recognize the migration of sea pollutants (76%).
however, their ability to explain both verbally and visually remains low and only
a small percentage of the group can explain scientific phenomena both verbally
(0.68%) and visually (0.68%). Again, as with the findings from Table 2, the large
percentage score about participant beliefs in their answers (84%) suggests
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participants are not guessing a response but are putting forward a firmly held
belief.

Table 3
Pre-Service Primary School Teachers’ Conceptions about Sea Pollutant Migration
No. Aspects Percentages (%)
1 Sea Pollutant Migration  Knows Conception: 76% Doesn't Know Conception: 24%
2 Verbal Explanation Correct 0.68% Partly Correct Incorrect 42.18%
57.14%
3 Visual Explanation Connected Sub- Connected Unconnected
Microscopic: Macroscopic: and error: 0%
0.68% 89.12%%
4 Answers Belief Sure: 84 % Not Sure: 16 %

Meanwhile, the results of statistical testing with SPSS ver.22 indicate the data is
not normally distributed, therefore, Spearman's non-parametric correlation test is
carried out as shown below in Table 4.

Table 4
Recapitulation of Data Testing

N Normality Non-Parametric Test
Con fon (Number Aver Standard Test (Spearman Rank
oncepio umpoers €rage  peviation Correlation)
of Data) - - ;
Sig. Sig. Interpretation
Seacurrents 147 0.46 0.540 0.000 0.249 No Significant
Sea Pollutant 147 0.10 0.449 0.000 Correlation

Migration

The ability of pre-service primary school teachers to explain the concept of
sea currents does not have a significant relationship (p = 0.249) with their ability
to explain the concept of migration of sea pollutants. This finding shows that the
two conceptions do not correlate with each other. The mean and standard
deviations, both in the conception held about sea currents and in the
conceptions held about migration of pollutants in the sea, also show the
responses to be in the category of ‘misconceptions’ or ‘have no conception’.

Discussion
Conception on Sea Current and Sea Pollutant Migration

The conceptions held by most pre-service primary school teacher participants
about sea current and sea pollutant migration are in the category of
‘misconception’ and ‘have no conception’. Only a few of the participants were
able to reach the category of ‘lack conception 2', and ‘lack conception 17,
especially for the scientific conception. Based on the answers from the 1st tier,
participants had a conception of sea currents or about the migration of sea
pollutants and were able to express confidence in their beliefs about their
answers as indicated in the 4th tier questions. However, participants were unable
to explain verbally or visually the two phenomena on the 2nd tier. This difference
is increasingly seen in the 3rd fier's answer, asking them to draw the figure as a
form of scientific representation. Some answers on the 2nd tier have similar
diction or editorial sentences, but 3rd tier answers distinguished their
understanding about such concepts. Such a finding aligns with the work of
Chittleborough & Treagust (2007); Nurmalasari (2016); Sukardi, Widarti, & Nurlela
(2017) who express that figures are a differentiator of understanding. The use of
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figures in the test is also able to show a deeper understanding about participant
representations. Anderson, Ellis, & Jones (2014); Sopandi, Kadarohman, Rosbiono,
Latip, & Sukardi (2018) also corroborate to say that figures can show sub-
microscopic representations and represent verbal explanations. Figure 3 and
Figure 4 are examples of a comparison between student answers in the 3rd tier
which have the same answer as in the 1st tier.

Figure 3 and Figure 4 show the drawings from pre-service primary teachers
about the migration of sub-microscopic and macroscopic pollutants. The
drawings occur in response to the 3rd tier of questions in the diagnostic test.
Investigating sub-microscopic figures is very important in science learning. This is
because sub-microscopic drawing is a characteristic of science (Ainsworth,
Prain, & Tytler, 2011; Chittleborough & Treagust, 2007; Quillin & Thomas, 2015;
Schwarz et al., 2009).

Convection of seawater which is a scientific concept about sea currents
cannot be explained in Figure 3. Figure 3 only shows the macroscopic
representation of how water moves due to sea currents. Figure 4 shows an
understanding from participants that sea currents occur because of differences
in temperature in a body of water. The temperature difference between two
bodies of water causes warmer water to move to cooler waters. Dissolved
pollutants will move along with sea current (Smith, 2004; Soloviev & Klinger, 2001).

(Sea current due to different temperature and pressure

(Polluted seawater)

Figure 3. Pre-service primary school teacher’s sub-microscopic drawing
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Figure 4. Pre-service primary school teacher’s macroscopic drawing

Many categories of ‘misconceptions’ or ‘have no conceptions’ are also
caused by misunderstanding (Prodjosantoso, Hertina, & Irwanto, 2019). Some of
the participants in the current study stated that pollutants and seawater would
not coalesce because the sea has a certain limit that cannot be penetrated.
After all, it has a strong attractive force on the molecule. According to some of
the participants, the volume of water is far greater than that of pollutants so the
pollutants will not spread far from the source. There are even some pre-service
primary school teachers who claim that pollutants in sesawater will evaporate into
clouds, and these clouds will produce rain which is full of pollutants as well. This
finding indicates that the learning of convection or sea currents carried out by
the teacher only emphasizes the process of remembering facts. Therefore,
stfudents in classrooms who are learning from the teacher will certainly
experience difficulties in correctly understanding sea currents and sea pollutant
migration when faced with contextual problems such as teachers sharing
information learned through a rote learning process.

The Correlation of Pre-Service Primary School Teachers’ Conceptions about Sea
Currents and Sea Pollutant Migration

A teacher was a student in the past who also learned from a teacher.
Therefore, pre-service teachers must have correct knowledge rather than
misconceptions so they can convey factual and contextual knowledge correctly
to their students (Hussein, 2018; Liu, Yeh, Liang, Fang, & Tsai, 2015). To provide
infegrated and appropriate knowledge to students, a subject-centered,
contextual, authentic, and continuous learning approach is needed (Radcliffe,
Parissi, & Raman, 2016). This is because the purpose of science learning is to
develop knowledge and understanding about the environment in a sustainable
manner (Rooy, 2017). However, results from the correlation analysis between the
conceptions held by pre-service primary school teachers about sea currents and
the migration of pollutants also showed an insignificant relationship although the
two concepts were closely related. Such a finding about low correlation
occurring between concepts among pre-service teachers is confirmed by the
results of a study which states that pre-service teachers of Physics and Biology
have difficulty connecting the concepts to build a contextual explanation of
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complex phenomena such as sea pollution (Meilinda, Rustaman, Firman, &
Tjasyono, 2017). Pre-service primary school teachers have a diverse
understanding of the basic concepts of science because not all of them have
studied in the science department at high school. To be able to answer the
questions in the current study, pre-service primary school teachers should have
a good understanding about the concept of convection in order to explain sea
currents and the migration of sea pollutants. The findings of further research show
there is no significant difference between pre-service primary school teachers
with different majors in high school. They all failed to understand the relationship
between convection, sea currents, and migration of sea pollutants. It is likely to
be because the three phenomena are not systematically delivered. Besides, the
learning model or method used so far does not facilitate thinking to occur
amongst students, only for students to remember scientific facts or a basic
concept or law of science. Science learning aims to make students not only able
fo understand confextual problems macroscopically but also  sub-
microscopically. Therefore, conceptual capabilities about the environment must
be built continuously from primary to secondary school levels and even in
university about the environment, including in teacher education courses.

Sustainable Learning Process

Students learn about convection from primary school to secondary school. But
the contextual example given in books and by teachers is only the process of
boiling water, even though sea currents are a typical example and are key to
the process of spreading pollutants in the sea. This phenomenon is not a
sustainable teaching concept but a stagnation that misleads students' cognitive
development. Furthermore, most of the students think that everything that comes
from nature is not a pollutant because the theme of pollution is only partially
taught throughout primary and secondary education (Stavridou & Marinopoulos,
2001). Students should be infroduced to contextual issues, be involved in
discussion and the investigation of phenomena, or be conducting inquiry
activities which result in a longer retention of knowledge (Tolppanen & Aksela,
2018; Williams, McEwen, & Quinn, 2017). The results of unstructured interviews with
pre-service students show they were rarely involved in science process activities.
The lack of field experience and the opportunity for students to discover and
observe the environment compared to recording scientific facts in the classroom
will limit the potential of students to identify the science process in the basic
education order (Tugurian & Carrier, 2017). By involving various sensory functions
and direct experience in science-focused learning, primary students are able to
better connect their understanding about nature, physics, and social aspects
(Meng & Trudel, 2017; Murakami, Su-Russell, & Manfra, 2018). A more advanced
step is to infroduce multi representational learning at the high school or college
level. Continuing education about the environment is one solution for students in
solving contextual problems as well as standardized tests such as state
examinations (Warner & Elser, 2015).

The curriculum plays an important role in supporting the development of
students' factual knowledge competencies so that students can understand
contextual problems (Mahasneh, Romanowski, & Dajani, 2017; Sammel,
McMartin, & Arbuthnott, 2018). Teaching environmental concepts such as the
mechanism of dispersing pollutants requires a continuous curriculum. Payne

23



© RIGEO e Review of International Geographical Education 10(2), Spring 2020

(2016), revealed that basic educationis strongly influenced by the paradigm and
orientation of the curriculum which is based on sustainability. In the order of
secondary school education, teachers should communicate environmental
issues to get solutions in a positive and futuristic way (Ojala, 2015). Nazir (2016),
revealed that optimizing the senses can help students to see conceptualization
and training in environmental education in the context of study in class. If all the
above conditions have been fulfilled, it will be easy to teach sub-microscopic
representations at the next educational level. Teaching sub-microscopic
representation collaborated with contextual problems through audio-visual
media will appeal to high school students (Bahk, 2010; Bosschaart, Schee, &
Kuiper, 2016).

Conclusions & Suggestions
Conclusions

This study reveals the conceptual understandings held by pre-service primary
school teachers about the process of sea currents and sea pollutant migration.
By using the four-tier diagnostic test tool, it was revealed that the conceptual
understanding of the pre-service primary school teacher in both topics was still
low. This might happen because learning the fundamental concept of
convection in connection with the occurrence of sea currents has not been
associated with phenomena in daily life. This shows the importance of learning
needed to start from the phenomena of daily life. The research results about the
absence of a relationship between the two variables indicate that even if the
concept of sea currents is mastered, it does not mean the concept of pollutant
migration into the sea will also be mastered, and vice versa.

Suggestions

All the findings resulting from the current study indicate the need for an explicit
explanation from teachers to occur about the relationship between the
concepts of convection, sea currents, and pollutant migration info the sea.
Additionally, the learning objectives when delivering sea current material to
students must be sustainable at every level of the school to be able to build a
complete understanding of science, including through the use of multiple
representations.

This study merely seeks to describe the conceptions held by pre-service
primary school teachers about their conceptions of the two topics studied.
Further research is needed about improving the conceptual understanding of
the pre-service primary school teachers about the two phenomena of this study.
With a good conceptual understanding about convection, sea currents, and sea
pollution migration, teachers can prepare students to become citizens who can
confribute to the creation of a free pollutant aquatic environment.
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