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Published: January 31, 2022 PGRI Madiun. The research instrument is the FTDT question. The data
Keywords: collection techniques by distributing FTDT questions via Google Form to
Four-tier students using WhatsApp. The data analysis technique was done by
General biology quantitative descriptive. The results showed that 25% of students understood
Misconception the concept, 39% of students had misconception, 23% of students guessed the

answer, and 13% of students lack knowledge. The lowest student
misconception on the concept of structure and function at all levels of
biological organization is 20% and the highest misconception on the concept of
the definition of biology is 65%. While the sequence of the third category of
students' highest misconception is 65% misconception, 11% false positive, and
12% false negative. The results of this study are important to provide advice to
lecturers when teaching general biology to always provide correct
information, valid reading sources, valid learning media, and appropriate
learning models so that there are no misconceptions among students.

INTRODUCTION

Prospective biology educators or teachers must master general biology concepts well
for teaching provision in Junior High School and Senior High School levels as a form of
their professional competence. General biology is a basic and prerequisite course that
must be mastered by students of the Department of Biology Education (Kurikulum,
2017). General biology includes concepts that will be studied again in-depth in courses
in the next semester (Ita, 2020). For example, the theory of the cell is the basic unit for
the structure and function of organisms which will be deepened again in the cell
biology course. So that students must have the correct general biological concepts as the
basis for the scientific footing that they will master. General biology is one of the
subjects that has a fairly high level of difficulty for students in mastering the concept
(Cimer, 2012; Etobro & Fabinu, 2017; Fauzi & Fariantika, 2018).

The success rate of students in mastering general biology concepts is still in the poor
category in Higher Education. The difficulties experienced by students can be caused by
several factors including the learning strategies brought by the teacher, student habits
in learning, low learning intensity, students' fear of certain topics, and the lack of
learning resources (Muspikawijay et al., 2017; Etobro & Fabinu, 2017; Ichsan & Mulyani,
2018). Students who have difficulty understanding and interpreting concepts will
interpret the concepts they are learning on their own, causing misconceptions in
themselves (Savira et al., 2019; Kamilah & Suwarna, 2019). Misconceptions can occur
because of the acceptance of wrong information, integration errors, and perceptions that
are not the same as scientific principles (Kumandas et al., 2018; Duda et al., 2020;
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Wahyono & Susetyorini, 2021). Misconceptions can cause delays in the transfer of new
information related to the concepts to be learned by students (Rukmana, 2017).

Misconceptions can be formed from a discrepancy between the knowledge possessed
by students and the theory being studied (Verkade et al., 2017; Widarti et al., 2017).
When students are studying a theory in class, they have different prejudices from the
theory they are studying because of mistakes in past experiences (Muliyani, 2018; Duda
et al., 2020). General biology learning activities that are carried out online also influence
the formation of misconceptions (Rajhans et al., 2020). Concepts in general biology learn
a lot about theories that are abstract and have a relatively high level of difficulty
causing misconceptions in students (Halim et al., 2014; Uce & Ceyhan, 2019).

Several previous researchs discussed the impact of learning carried out during a
pandemic with misconceptions (Rajhans et al., 2020), research on misconceptions is
more about the relationship between misconceptions and learning (Halim et al., 2014;
Widarti et al., 2017, Wahyono & Susetyorini, 2021) and identification of misconceptions
to determine the number of misconceptions (Ang & Shahrill, 2014; Bekkink et al, 2016;
(Budiarto et al, 2020). However, there are no studies that measure misconceptions as a
follow-up effort to reduce or overcome these misconceptions. This research aims to
analyze misconceptions in general biology courses using the Four-Tier Diagnostic Test
(FTDT) questions in Higher Education. This research is important to be carried out as a
basis for the preparation of appropriate learning media to overcome the problem of
misconceptions in general biology courses. FTDT questions can correct concepts
correctly and are the result of the development of a three-tier multiple choice consisting
of four levels, namely the first level in the form of multiple-choice questions, the second
level in the form of confidence in answering questions at the first level, the third level of
reasons for choosing the first level answers, and the fourth level. confidence in choosing
the answer at the third level (Gurel et al., 2015; Laliyo et al., 2021; Syarafina et al., 2020).
Thus, this research aims to determine the percentage of students' misconceptions on
general biology concepts by using the Four-Tier Diagnostic Test (FTDT).

RESEARCH METHOD

General Background

The research method used is descriptive research which aims to describe the level of
misconceptions in general biological concepts of a research populationThis research
phase begins with developing an instrument in the form of eight FTDT questions with
each question consisting of four levels. The FITDT questions have been validated by
experts and declared valid for use in research. FTDT questions are given to students
who have taken general biology courses at several campuses in East Java. Furthermore,
the research data were analyzed descriptively quantitatively in the form of percentages.

Participants

The research sample used was 100 students of the Department of Biology Education
who had taken general biology courses at three private campuses, including IKIP Budi
Utomo, Universitas PGRI Madiun, dan Universitas Nusantara PGRI Kediri.

Instrument and Procedures

The research instrument is the FIDT question which is developed from general
biological concepts including definition of biology, levels (hierarchy) of biological
organization, the interaction of organisms as living things with the environment,
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structure and function at all levels of biological organization, the cell is the basic unit for
the structure and function of organisms, the sustainability of life is based on dna as
heritable information, biological systems controlled by feedback mechanisms, and
evolution as the cause of the unity and diversity of life. These eight FTDT questions
have been declared valid after analyzing the student's answer data using the validity
and reliability formulas and then integrated with the google form and distributed to
research samples using WhatsApp media. The flowchart of research prosedur can be
seen in Figure 1.

— FIDT instrument
development

l

FTDT instrument
validation

Invvalid

Valid

Make google
forms

l

Distributed using
WhatsApp media

Figure 1. The flowchart of research prosedur.

Data Analysis

Data analysis was carried out by collecting answers to the given FITDT questions. The
answers that have been obtained will be corrected in stages and the results will be
categorized according to the criteria for misconceptions. Criteria for misconceptions
with FTDT can be seen in Table 1 below. Each question will calculate the percentage of
students who understand the concept, misconceptions, false-positive misconceptions,
false-negative misconceptions, and lack of knowledge. Furthermore, the percentage
results were analyzed descriptively.

Table 1. Criteria for misconceptions with FTDT.

No Answer Confidence Reason Confidence Decision
Level Level

1 True Sure True Sure Understand the concept

2 True Sure True Not sure Lack of knowledge

3 True Not sure True Sure Lack of knowledge

4 True Not sure True Not sure Lack of knowledge

5 True Sure Wrong Sure False-positive misconception

6 True Sure Wrong Not sure Lack of knowledge

7 True Not sure Wrong Sure Lack of knowledge

8 True Not sure Wrong Sure Lack of knowledge

9 Wrong Sure True Sure False-negative misconception
10 Wrong Sure True Not sure Lack of knowledge
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No Answer Confidence Reason Confidence Decision
Level Level

11 Wrong Not sure True Sure Lack of knowledge
12 Wrong Not sure True Not sure Lack of knowledge
13 Wrong Sure Wrong Sure Misconception
14 Wrong Sure Wrong Not sure Lack of knowledge
15 Wrong Not sure Wrong Sure Lack of knowledge
16 Wrong Not sure Wrong Not sure Lack of knowledge

(Gurel et al., 2015)

RESULTS AND DISCUSSION
The results of the research on the analysis of student misconception on general biology
concepts can be seen in Table 2.

Table 2. Percentage of students' misconception on general biology concepts.

Misconcep

. Understan . Misconcep Misconcepti tion-lack
General biology d the Misconcep tion-False on-False of

concepts concept tion positive negative knowledg

€

Definition of

Biology

Levels (hierarchy)

of biological 29% 44% 5% 16% 6%
organization

The interaction of
organisms as
living things with
the environment
Structure and
function at all
levels of 57% 20% 11% 6% 6%
biological

organization

The cell is the

basic unit for the

structure and 36% 22% 6% 17% 19%
function of
organisms

The sustainability
of life is based on
DNA as heritable
information
Biological systems
controlled by
feedback
mechanisms
Evolution as the
cause of the unity
and diversity of
life

9% 65% 11% 12% 3%

16% 39% 9% 23% 13%

11% 34% 30% 7% 18%

2% 62% 1% 10% 25%

43% 27% 13% 7% 10%

Mean 25% 39% 11% 12% 13%
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Table 2 shows that 25% of students understand the concept, 39% of students
experience misconceptions, 11% of students guess with positive guesses, 12% of
students guess with negative guesses, and 13% of students lack knowledge of general
biology concepts. On average, students who understand general biology concepts are
smaller than other students who experience misconceptions and lack knowledge of
general biology concepts. Many factors cause students to experience misconceptions
about general biology concepts such as past learning experiences, information from
textbooks, information from teachers, information from peers, information from the
internet, and information obtained from other sources. The above statement is in line
with the research results Duda et al. (2020) and Soeharto et al. (2019) that the
misconceptions experienced by students in science concepts are caused by various
factors such as self-experience, someone in the learning environment, and the references
he used.

Student misconceptions occur because of student experiences in everyday life,
reading sources that students use, and information from teachers or tutors and friends
when students study (Firdaus et al., 2021; Syamsiar & Raharjo, 2021; Bekkink et al.,
2016). Experiences in everyday life will be made the perspective of students' thinking in
understanding a concept and often language differences cause students to experience
misconceptions when learning (Jauhariyah et al., 2018). Learning resources that are
difficult to understand because they are complex and abstract cause students to
experience misconceptions (Halim et al., 2018). The teacher's error in explaining the
concept to students or the teacher's ignorance of the concept conveyed to students is
also the cause of misconceptions in students (Istiyani et al., 2018; Tahya & Kayadoe,
2020; Widarti et al., 2017). Peers who directly provide information without confirmation
and follow-up about the concepts being studied can cause students to experience
misconceptions (Duda et al., 2020).

The highest misconception is experienced by students in the concept of the definition
of biology. Students tend to be passive and accept directly the meaning of the word
biology which comes from the words bios and logos. The students' mindset seems to be
constrained by the two words that make up the word biology. Students should have a
broader view when defining biology. Biology is a science that studies life. Students
should think more broadly about life. When studying life, our eyes must be fixed on
objects that exist in life on earth that are not abstract. Objects are biotic and abiotic.
Biotics are living things, while abiotics are not living things, but their role is always to
support living things in carrying out life. So, the right definition of biology is one of the
sciences that study life with biotic, abiotic objects and the interactions between them
(Simon et al., 2013; Palennari et al., 2016).

The second misconception experienced by students is on the concept of biological
systems controlled by feedback mechanisms. Students seem focused on the textbook
they are using and they do not open their minds more broadly to study more about the
concept. Actually, this concept looks easy because it can be exemplified by events that
students know every day. When we are hungry, our hunger will stimulate our nervous
system, sensory system, and movement system to eat. After a sufficient amount of food
enters our digestive system, we will stop eating. If we are forced to continue to eat what
happens we will remove the food from our bodies through nausea and vomiting. If our
muscle cells produce more ATP than what is normally needed, will our muscle cells
continue to produce ATP so that our body does not lack energy? So precisely, muscle
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cells will not produce ATP anymore because the need for ATP in the body has been
fulfilled (Simon et al., 2013; Belk & Maier, 2013).

The third misconception is on the concept of levels (hierarchy) of biological
organization. Students seem constrained by what they have memorized while studying
in the past. It is also possible that the teacher or tutor when explaining this concept is
not detailed, in-depth, and clear so that students can experience misconceptions. We
learn about the levels (hierarchy) of biological organization, then we focus our thoughts
on the concrete discussion first, and then we slowly move to the abstract discussion.
The levels of biological organization studied in biology start from the biosphere,
ecosystems, communities, populations, organisms, organs, tissues, cells, organelles,
macromolecules (compounds), molecules, and atoms. If students have understood from
concrete to abstract, then we can also test them by understanding from abstract to
concrete. By explaining to students that the levels of biological organization studied in
biology are atoms, molecules, compounds, organelles, cells, tissues, organs, organ
systems, organisms, populations, communities, ecosystems, and the biosphere (Simon
et al., 2013; Raven et al., 2017).

The fourth misconception experienced by students is the concept of the interaction of
organisms as living things with the environment. Students find it difficult to relate one
theory to another in one discussion. They seem to get little information from the
reading sources used. When students get the question, "What things will happen if
living things interact with their environment?", they seem confused to decipher
complex answers to answer the question. Students should think about what
components can interact in one place. They have to think about what processes occur
when components interact with each other. Furthermore, what products can be used for
the needs of these components?. If students can have a systematic and broad mindset,
students can answer, when interacting between organisms and their environment, there
is a nutrient cycle from soil-producer-consumer-microorganism-soil, energy cycle from
light energy-producer-consumer-environment, and changes energy such as chemical
energy into energy of motion & heat energy (Raven et al., 2017; Simon et al., 2013; Belk
& Maier, 2013).

The fifth student's misconception on the sustainability of life is based on DNA as
heritable information. Students get inaccurate information from the references used and
the number of terms that are not familiar to students. Students must understand the
theory gradually correctly to be able to connect between theories with one another so as
to reduce the occurrence of misconceptions. When students study DNA as information
that is passed on to offspring, students must learn the structure of DNA with its
constituent components. Students must learn the mechanism of protein synthesis that
involves DNA as a raw material so that students will understand that each link in DNA
contains nucleotides (bonds between phosphates, sugars, and one type of nitrogenous
base) then the specific nitrogenous bases of DNA in the form of triplets will be
translated through the mechanism of protein synthesis (Simon et al., 2013; Gunstream,
2012; Raven et al., 2017).

The sixth misconception experienced by students on the concept of evolution as the
cause of the unity and diversity of life. Students only understand a little about evolution
without exploring the mechanism of evolution. Students are fixated on memorizing the
theory of natural selection by Darwin and used and disused by Lamarck. Students
stuck with the theory that he got from the reference which states that humans came
from apes. Students need to understand the theory that today's species originated from
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ancestral species that shared a single lineage and underwent modifications. So students
will get the theory that the current species are descended from a succession of ancestral
species through the process of "descending by modification" described by natural
selection, where species that can pass natural selection will survive and can continue
their offspring (Simon et al., 2013; Raven et al., 2017; Belk & Maier, 2013).

The seventh-order misconception experienced by students is the concept of The cell
is the basic unit for the structure and function of organisms. Students find it difficult to
understand this theory because they do not get the right visualization from the
references they use. Students must know the structure of the organelles that make up
the cell first and then students must relate the structure to the function it performs. In
the end, students can distinguish between prokaryotic cells and eukaryotic cells.
Prokaryotic cells are cells that do not yet have a nuclear membrane so that DNA is not
separated from other parts of the cell and these cells do not yet have membrane-
enclosed organelles. Meanwhile, eukaryotic cells are cells that already have a nuclear
membrane so that DNA is separated from other cells and these cells already have
membrane-enclosed organelles (Simon et al., 2013; Gunstream, 2012).

The eighth student's misconception on the concept of Structure and function at all
levels of biological organization. Students cannot capture information in reading
sources correctly because of the lack of references used. This concept is easy to
understand because there are many illustrations that students encounter in everyday
life. However, students cannot construct knowledge from existing examples.
Supposedly, students observe the object carefully and examine the results of
observations with the theory being studied. Thus, students will gain the concept that
structure is always related to its function (Simon et al., 2013; Belk & Maier, 2013).

The results of the misconception analysis show that the number of false-positive and
false-negative misconceptions is 23%. This means that students only guess the answer
without mastering the concept correctly. Misconception lack of knowledge as much as
13% which means students do not understand the concept at all. These misconceptions
and lack of knowledge in students occur because the learning process that takes place is
mostly done online. The use of online learning models and methods does not run
optimally. The information provided by the teacher cannot be received optimally by
students. The learning model used also influences the occurrence of misconceptions
(Widodo, 2019). The use of less relevant learning media also affects the success of
information transfer to students. The above statement is in line with the research
Syamsiar & Raharjo (2021) that the factors of models and learning methods as well as
media affect students' misconceptions. Misconceptions and lack of knowledge are also
caused by the inability of students to conclude the information they get to build
concepts independently. Students are not able to interpret the information obtained
during learning, causing misconceptions (Waluyo et.al., 2019). Students are unable to
re-explain the concepts learned and will give unclear responses to a question due to low
student confidence in the answers they give (Istiyani et al., 2018).

CONCLUSION

The level of students' misconceptions on general biology concepts is 25% understanding
concepts, 39% misconceptions, 11% false-positive misconceptions, 12% false-negative
misconceptions, and 13% lack of knowledge. Misconceptions can be experienced by
students because of past learning experiences, references, teachers, peers, learning
models and methods, and learning media. The results of this study are important to
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provide advice to lecturers when teaching general biology to always provide correct
information, valid reading sources, valid learning media, and appropriate learning
models so that there are no misconceptions among students. Furthermore, the results of
this study are the basis for research on the development of general biology concept
learning media for students in Higher Education.
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