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describe students' Concept Maps scores on environmental
pollution during the Covid-19 pandemic. This research
includes a quantitative descriptive using a survey method
with a population of 210 high school students. Data
collection uses a Google form that asks students to make
Concept Maps at the end of learning environmental

pollution material. The researcher then assesses and
determines the score of each student. Student scores are
then combined and an average is obtained. The results
showed that the largest percentage was owned by a valid

relationship

component of 9.75%, followed by a

hierarchical component with a percentage of 7.34% and a
branching component with a percentage of 3.42%. The
pattern component is the fourth component with a
percentage of 1.31%, followed by an example component
with a percentage of 1.30% and the last component is a
crosslink with a percentage of 0%. Acquired student
concept map scores can be used to assess student learning
outcomes so it is hoped that this research can be an
evaluation material for students and teachers.

This is an open access article under the CC-BY-SA license.

Introduction

Concept Maps (CM) is a graphical
organization for exploring knowledge and
understanding (Hay et al., 2006), which is
based on Ausubel's theory of meaningful
learning in the classroom (Kharatmal &
Nagarjuna, 2006). CM which functions as
an assessment tool (King & Walker, 2002) is
used to measure students' understanding
through the complexity of concepts and

relationships between concepts (Tan et al.,
2017). The Dbetter understanding of
students is marked by the existence of
complex conceptual relationships and
becomes one of the indicators of
meaningful learning (A. Ghani et al., 2017)
when students can connect old concepts
with new concepts that students find
(Novak, 2010). The complexity of the
related concepts in CM is also used to
measure higher-order thinking skills (Tan
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et al., 2017). Higher-order thinking skills
based on Bloom's taxonomy are the ability
to analyze, synthesize, and evaluate (Canas
et al.,, 2017) and the third ability strongly
supports the preparation of CM (Rosen &
Tager, 2014).

CM structure consists of several
components, namely: valid relationships,
hierarchies, branching, crosslinks,
patterns, and examples (Liu & Lee, 2013;
Novak et al., 2012). A valid relationship is a
connecting line between concepts.
Concepts that are connected with valid
relationships and form a meaning are
called propositions (Chiou, 2008).
Hierarchy is a structured level of concepts
(Novak et al, 2012). Branching is a
branching concept showing the degree of
differentiation of a concept (Edmondson,
2005). Crosslinks are conceptual
relationships with different paths and
hierarchies (Wang, 2020) and can show
creative relationships between knowledge
domains (Erdimez et al., 2017; Novak et al.,
2012). The pattern is the overall concept
pattern consisting of a spoke, net, and
chain (Hay et al., 2006). An example is a
specific example of a concept (Novak et al.,
2012). CM integrates conceptual
relationships that make students learn in-
depth to increase students' understanding
of the concepts of learning materials
(Schwendimann, 2015).

Environmental pollution learning
materials are classified as socio-scientific
issues with detailed concepts consisting of
causes, effects, and countermeasures (Kim
et al,, 2020). Socioscientific issues material
is classified as contextual material because
it often occurs in students' lives.
Contextual material helps students in
writing examples because examples of
pollution events can be seen by students
for real. Contextual material is expected to
make students' understanding more
clearly visualized, namely the relationship
of concepts previously understood by
students in classroom learning with new
concepts that students get in their
respective living environments
independently (De Morais et al., 2016).

Independent learning without face-to-
face can be called online learning. Online
learning in Indonesia which is currently
taking place is mainly due to the Covid-19
pandemic. Online learning results in
limited teacher interaction and supervision

of students (Meilinda et al., 2021). Students
are independently required to be able to
express ideas or concepts in learning
materials (De Morais et al., 2016) and CM
can assist students in reflecting on the
understanding that students have (Vanides
et al., 2005) while at the same time
accommodating students to study
independently. Chiou (2008) but during a
pandemic situation like now, students'
independence in dealing with online
learning has various effects such as
psychological effects related to learning
motivation (Shao, 2018) and the
effectiveness of ongoing learning (Hikmat
et al., 2020). Learning changes that occur
indirectly have an impact on student
learning outcomes, so the researcher asks
students to make a CM at the end of the
lesson to see student CM’s scores which
can also indirectly describe how student
learning outcomes are during the online
learning period.

Method

This research is quantitative and
descriptive with a survey method. Data
collection online using Google form which
previously was given an image of a CM
example with bacteria material to make an
analogy for the construction of CM for
students. Data was collected in June 2020
with the research population being class X
high school students majoring in
Mathematics and Natural Sciences. The
sample selected was 71 students with a
sampling technique in the form of
clustered sampling, namely the population
was divided into several separate groups,
then the sample class was selected by the
researcher.

The research sample has a balanced
ability as evidenced by testing students'
midterm exam scores using the paired F
test (ANOVA test) with a sig value of > 0.05.
Data analysis used Microsoft Excel by
calculating the student's CM acquisition
score which was assessed according to the
expert CM procedure that had been made
by the researcher. Student CM scores will
be compared with scores on expert CM and
calculated according to the rubric in Table
1.

Student scores are then combined and
calculated for each CM component with the
following equation (I).
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students scores in component X

@

Percentage M on componentX =

Table 1. The rubric of expert CM

X 100%

the maximum value of CM for all students

No Component of CM Score Total Percentage
1 Valid relationship 1 90x1=90 90/210 x 100 = 42.86%
2 Hierarki 5 6x5=30 30/210x 100 = 14.29%
3 Branching

Level 1 1 1x1=1 16/210x 100 = 7.62%

Level 2 3 1x3=3

Level 3 3 1x3=3

Level 4 3 1x3=3

Level 5 3 1x3=3

Level 6 3 1x3=3

=16

4 Crosslink 10 2x10=20 20/210x 100 = 9.52%
5 Example 1 49x 1 =49 49/210x 100 = 23.33%
6 Pattern 5 5/210 x 100 = 2.38%
Total score 210

Results and Discussion

The results of the study were students'
CM point scores which were processed in
the form of percentages. The percentage of
students' CM scores classified according to
the CM components presented in Table 2.

Table 2 shows that the wvalid
relationship component is only 9.75% of
the maximum scores. The hierarchical
component scorscore4% and the branching
component scored 3.42%. These two
components can reach half of the
maximum performance of the CM
component. The next component is the
crosslink component with scores of 0%.
The example component has scores of
1.30% and the last component, namely the
pattern, has scored 1.31%, reaching more
than half of the maximum scores.

The CM component in the form of a
valid relationship is a link in the concept.
Concepts that are connected by connecting
lines and certain labels form a meaning are
called propositions (Yin & Shavelson,
2008). Relationships in propositions reflect
the main idea of knowledge and become
one of the important components of CM
(Vanides et al.,, 2005). The percentage of
valid relationship scores is only 9.75% of
the maximum scores of 42.86%. Individual
student scores are also low because the
majority of students only achieve points in
the range of 20-30 points and some
students score even lower. The student's
point gain is directly proportional to the
scores his scores so the scores are also
small. The majority of students did not
write down the example component so the
resulting valid relationship was much

reduced because half of the concepts in the
valid relationship contained the link to the
example concept. The low scores of valid
relationships because students skip
concepts or write concepts incorrectly
indicates that students do not understand
the concept of the related material
(Vanides et al., 2005).

The second component, namely the
hierarchy. Hierarchy is the relationship of
concepts from the general to the specific
level (Chiou, 2008). Hierarchy makes CM
more structured because there are
superordinate subordinate parts (primary,
tertiary, secondary) (Almulla & Alamri,
2021). The hierarchy of CM experts has 6
levels with a maximum of 30 points, the
majority of students can construct a
hierarchy up to the 3rd level, half of the
maximum level of the hierarchy. This is
proportional to the percentage of student
scores, which is 7.34%, which only reaches
half of the maximum scores of expert CM,
indicating that students' analytical skills
need to be improved again because
students' analytical skills are needed to
determine the level of hierarchy in each
related concept (Juanengsih et al., 2017).

The third component is branching.
Branching is a branch or concept fraction.
Obtaining a branching score is in line with
the acquisition of a hierarchical score
because the concept of solving in
branching is in the same hierarchy and is
calculated according to the hierarchical
level. Branching describes the
differentiation of a concept (Edmondson,
2005). The percentage of scores of the
branching component is 3.42%, it does not
reach half of the maximum branching
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scores of 7.62%, indicating that many
students do not understand the teaching
material. Determination of branching
requires students to be able to distinguish
branches from related concepts and their
differentiating factors so that a good
understanding of the related material is
needed (Borda et al., 2009).

The fourth component, namely
crosslinks. Crosslinks is a link that
connects different concepts of segments
and hierarchies (Wang, 2020). Crosslinks
describe creative relationships between
related concepts (Canas & Novak, 2006).
Crosslinks are also a reflection of the
complexity of CM, the more crosslinks
made by students, indicating the more
complex the results of CM construction by
students (West et al., 2000), but in the
research conducted, none of the students
made crosslinks so the scores of the
Crosslink component was worth 0%. The
low crosslink scores of students indicate
that students do not understand the
relationship between knowledge domains
(West et al., 2000) and students' synthesis
ability needs to be improved again because
crosslinking in CM requires students'
synthesizing abilities (Juanengsih et al.,
2017).

The fifth component, namely example.
An example is a specific object in the last
concept link that is used to help clarify the
meaning of the statement in each concept
(Zubaidah & Pangestuti, 2016). The
percentage of example scores only reached
1.30% of the maximum scores of 23.33%.
The scores of the example component are
quite low. The low scores of the example
component are because many students do
not write down the example at all so it is
worth 0 points. The low scores of examples
indicate that students' analytical skills still
need to be improved because the example
is the most specific concept at the
hierarchical level so determining examples
requires good analytical skills (Juanengsih
etal., 2017).

The sixth component is a pattern. The
pattern is the shape or pattern of the
diagram in CM (Novak et al., 2012) which
forms a typology structure and can be used
to analyze CM which shows different
patterns of understanding (Hay et al.,

Table 2.Students’ CM scores

2006). The overall pattern is worth 5
points. The percentage of pattern scores of
1.31% is more than half of the pattern's
maximum scores of 2.38%. The pattern in
pattern consists of a spoke, net, and chain
(Hay et al., 2006). The spoke pattern has a
single hierarchy. Chain pattern has a lot of
hierarchy without branching and net
pattern has a hierarchy also branches
(Kinchin et al.,, 2010). The majority of
students make CM with a spoke pattern. An
example of a student's CM pattern can be
seen in Figure 1.

The spoke pattern is the simplest
pattern, unlike other patterns, namely net
and chain. The chain pattern has many
hierarchies but does not have branching
while the net pattern is the most complex
because there are many hierarchical levels,
a lot of branching and there are crosslinks
(Hay et al., 2006). The spoke pattern is a
single-level pattern with 1 central concept.
Addition and subtraction of concepts can
be done easily as long as it does not
damage the core concept. The spoke
pattern is a simple pattern with a simple
concept meaning (Kinchin et al., 2010).

Overall, the data shows that the scores
of the CM component of students are
unsatisfactory because the highest scores
only reach half of the maximum scores.
Low student scores can be influenced by
less meaningful learning by teachers.
Environmental pollution material is
material that requires contextual
knowledge but the learning that takes
place is online learning so students only
see pictures presented by the teacher.
Online learning is virtual learning using
technology (Mulyani & Asmendri, 2021).
The technologies that students generally
use in online learning are gadgets and
laptops. The use of gadgets and laptops for
too long can cause physical complaints for
students, for example, eyes are tired as a
result of screen radiation and the body
feels sore Dbecause during learning
activities students just stay silent and
focus on learning in front of devices and
laptops. Other physical disturbances that
students feel are headaches and
drowsiness when online learning takes
place (Mustakim, 2020).

The Component Valid Hierarchy Branching Crosslink Example Pattern
of CM Relationship
Students’ scores (%)  9.75 7.34 3.42 0 1.30 1.31
Maximum scores (%) 42.86 14.29 7.62 9.25 23.33 2.38
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Online learning also requires a stable
internet connection but the internet
services that students get are inadequate
so it interferes with the learning process.
During online learning, students are also
required to study independently and this
results in pressure for students (Maatuk et
al.,, 2022). According to Mustakim (2020),
online learning also causes students to feel
bored, anxious, and worried. Students also
find it difficult to concentrate and lack the
motivation to learn (Fatimah & Mahmudabh,
2020). Limitations on online learning make
the student learning process not optimal
(Mulyani & Asmendri, 2021) so it affects
students' understanding of the material.

The low scores of students at the same
time show that students still need to learn
a lot to better understand the learning
material so that it can improve student
learning outcomes. But the research only
covers 1 material, namely environmental
pollution and further research needs to be
done to find out student learning outcomes
in other materials so that student learning
outcomes can be described in more detail.
This research contributes that students
need to be equipped with knowledge
related to concept maps and the ability to
classify various information obtained. So
that it can be compiled into an informative
concept map.

Conclusion

The conclusion of the research is
students' CM components are
unsatisfactory because the highest
percentage only reaches half of the
maximum percentage. The low percentage
of students at the same time shows that

Concept maps
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pollution

consi
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Figure 1. Example of student CM with a spoke pattern (left), translation version (right)

students still need to learn a lot to better
understand the learning material so that it
can improve student learning outcomes,
especially on environmental pollution
material. students' ability to process
information needs to be improved to
support CM abilities.
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