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Abstract: The purpose of students learning biology is to understand the concepts in biology, be able to
connect one concept to another, and apply the learned concepts in daily life. Inability to properly
connect concepts may cause misconceptions that will affect students’ achievement. Therefore, the
purpose of this study is to analyze students' misconceptions on the topic of cells using a four-tier
multiple choice diagnostic test. The research method used is research and development. The subjects
in this study were 36 students of class XI science at SMA Muhammadiyah 5 Rancaekek. The results of
developing a diagnostic test using the content validity ratio (CVR) method produced a CVR value of
0.75 (CVR > 0.672) and the content validity index (CVI) method produced a value of 0.87 so that the
developed diagnostic test was feasible to use. The results of the analysis of misconceptions experienced
by students showed that on the topic of chemical components making up cells 10.42%, cell structure
10.42%, cell function 13.89%, differences between animal and plant cells 17.36%, and bio-processes
in cells 11.81%. Overall, the misconceptions experienced by students regarding cell material were
12.78% (misconceptions > 10%), which means that a misconception experienced by students was
considered significant.

Keywords: misconception; four-tier multiple choice; cell material.

1. INTRODUCTION
In the Indonesian education curriculum,

possessed by students conflict with the concepts
raised by experts (Megawati, Ibrahim & Haryono,

biology is one of the branches of knowledge that
is required for students from elementary to high
school, with the aim of developing students'
abilities to understand, connect, and apply biology
concepts and solve problems in everyday life
(Triwiyanto, 2022). In a study it was proven that
sometimes the concepts possessed by students
were not always in accordance with established
scientific knowledge (Wright et al., 2022).

2017).

Errors in students' understanding of learning
concepts can be caused by several factors,
including wrong generalizations based on
experience, misinformation from teachers who are
not careful, teacher misunderstandings, and
misinformation in textbooks that can affect
students' conceptual learning (Chazbeck &
Ayoubi, 2018). If there are misconceptions, this

Interrelated relationships between concepts in
biology learning can have an impact on the
formation of subsequent concepts. Thus, each
concept taught can influence students'
understanding of subsequent concepts (Malikha &
Amir, 2018). However, students' initial concepts
are often misconceptions, namely the concepts
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can affect students' understanding of actual
scientific concepts, which can make it difficult for
students to understand the concepts conveyed by
the teacher. As a result, the absorption of new
knowledge by students will be hampered (Zhao et
al., 2021). Students who  experience
misconceptions tend to defend concepts that they
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believe are true, so that these misconceptions can
be stable and difficult to change. The causes of
misconceptions can come from the students
themselves, the community, teachers, the learning
process, or the reading sources used by students
(Taslidere, 2016).

Cell material helps students understand the
dynamics of life processes starting from the cell
level as the basic unit of life, to include the levels
of organisms, communities and ecosystems
(Saefi, Lukiati & Suarsini, 2017). A research
study shows that students aged 16 to 19 have
inadequate understanding of cell structure and
concepts related to genetics, such as nucleic acids,
alleles, chromosomes, and cell division (Kilic,
Taber & Winterbottom, 2016). Specifically
regarding misconceptions in mastering basic
concepts in cell material there are at least three
levels, namely (1) misunderstandings and
obstacles in managing scientific concepts
acquired during learning, (2) characteristics of cell
material having complexity and cellular structural
properties that cannot be observed by the human
eye directly, and (3) in modern cell materials
growing rapidly this creates challenges for
teaching (Suwono et al., 2019).

Teachers have an important role in helping
students understand and learn the concepts taught
in class. Tools for exploring misconceptions in
general can be researched using concept maps,
interviews, multiple choice questions, two-tier
multiple choice diagnostic tests and four-tier
multiple choice can also be used to identify
student misconceptions (Sheftyawan, Prihandono
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misconceptions (Sreenivasulu & Subramaniam,
2014).

To increase accuracy in  detecting
misconceptions, a belief index is needed which
refers to individual judgments (Salame, Krauss &
Suleman, 2022). Therefore, a diagnostic test tool
was developed which was formed by adding a
confidence index segment to multiple choice
guestions. Even though the multiple choice
questions added to the confidence index are an
improvement over the usual multiple choice
questions, the essential deficiencies still exist
(Kaltakcigurel, Eryilmaz & Mcdermott, 2017).
Attempts have been made to add confidence to the
third tier of the two-tier multiple choice test and
extend it to a three-tier multiple choice test where
students only make one confidence index
assessment of the answer section. It cannot be
known if students have different confidence
indices in the answer section and the reason
section. Therefore, a four-tier multiple choice test
is formed by adding a confidence index segment
to the answer section and the reason section.
These diagnostic tests, have become better and
more  effective  tools for  diagnosing
misconceptions. Currently, there are several
examples of applying the four-tier multiple choice
test to explore misconceptions in the world
(Sreenivasulu & Subramaniam, 2014). According
to Zhao et al., (2021) the use of a four-tier multiple
choice test is an effective test instrument for
identifying students' misconceptions about blood
circulation. This is supported by Yang & Lin
(2015) that four-tier multiple choice can identify

& Lesmono, 2018). Interviews can explore
misconceptions but are time-consuming and
unsuitable for diagnosis on a large scale. Then, the
test tool in the form of multiple choice questions
cannot distinguish whether students get the
correct answer because of the knowledge they
have or it is just coincidence. Therefore, the two-
tier multiple choice test developed by Treagust is
divided into a choice of answer sections at the first
tier and a reason section at the second tier. This
test has the advantage of being able to detect and
know the location of misconceptions in students
but has several weaknesses, namely not being able
to identify whether the wrong choice of students
is due to a lack of knowledge or because of

Quagga

Jurnal Pendidikan dan Biologi

misconceptions both in the level of answers and
reasons and provide information about the level of
trust. According to Fariyani, Rusilowati &
Sugianto (2015) the advantages of a four-tier
multiple choice diagnostic test can reveal students'
understanding of concepts, diagnose in-depth
misconceptions, and determine material that
requires further emphasis.

Based on these problems, this study aims to
analyze misconceptions using four-tier multiple
choice on cell material. The selection of cell
material was due to topics such as the structural
differences between animal and plant cells and
their functions related to tissue function and
passive and active transport mechanisms. Cell
material also has complexity, one of which is the
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chemical processes that occur in cells and cells are
microscopic in nature.

2. RESEARCH METHOD

The sample of this research is SMA
Muhammadiyah 5 Rancaekek, Bandung Regency.
The sampling method used a purposive sampling
technique and the number of samples was 36
students of class Xl for the 2022/2023 academic
year. Sampling method for certain considerations.

In this study, the research and development
method was used (Sugiyono, 2017). The
development carried out is product development
oriented, namely in the form of a four-tier multiple
choice diagnostic test. The procedure for
developing a four-tier multiple choice diagnostic
test consists of five stages, namely: 1) preliminary
investigation, 2) the design phase 3) the
construction/realization 4) the stage of evaluation
and revision, and 5) the stage of implementation.

The validity test of this diagnostic test was
carried out by six experts based on the material,
construction, and language aspects. The validity
test was also carried out using the content validity
ratio (CVR) method. The calculation of the CVR

value is based on Lawshe's equation as follows:
N

2

ne
CVR =

N =2

Information:
Ne : the number of validators who declared valid.
N : total number of validators

The CVR calculation results for each
assessment criterion are then compared with the
minimum CVR value to determine whether or not
the assessment criteria are valid. The minimum
CVR value criterion for the number of validators
of six people with a significance level of .05 is
greater than or equal to 0.672 (CVR > 0.672)
(Wilson, Pan, & Schumsky, 2013). In addition,
the overall test validity was determined using the
content validity index (CVI) method. The CVI
value is the average of the CVR values. The CVI
score criteria are as follows:

Table 1. Criteria for CVI Calculation Results
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Range Category
CVI>0,68 Perfect fit
0,34 <CVI<0,67 Appropriate
CVI<0,34 It is not in accordance with

The four-tier multiple choice diagnostic test
questions used totaled 20 items consisting of five
topics on cell material, namely the topic of
chemical components that make up cells, cell
structure, cell function, differences in animal cells
& plant cells, and bio-processes in cells. The four-
tier multiple choice diagnostic test that has been
developed will produce several patterns of student
answers that show the profile of students'
conceptions, as shown in the table below. Each of
the students will be determined based on the
pattern of answers they give for each level.

Table 2. Decisions on Student Answer Patterns

Tier Tier Tier Tier ..

One Two Three Four Decision

True Sure True Sure SC

True Sure True Not sure LK

True Not True Sure LK
sure

True Not True Not sure LK
sure

True Sure False Sure FP

True Sure False Not sure LK

True Not False Sure LK
sure

True Not False Not sure LK
sure

False Sure True Sure FN

False Sure True Not sure LK

False Not True Sure LK
sure

False Not True Not sure LK
sure

False Sure False Sure MSC

False Sure False Not sure LK

False Not False Sure LK
sure

False Not False Not sure LK
sure

(Gurel, Eryilmaz, & McDermott, 2017)
Information:
SC: Scientific Conception; LK: Lack of
Knowledge; FN: False Negatif; FP: False Positif;
MSC: Misconception
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According to Gurel, Eryilmaz & McDermott
(2015) there are various levels of understanding
that describe the state of students' conceptions
regarding a science material known as the
conception profile. These conception profiles
include:

a. Scientific conception is an understanding that
is in accordance with the actual conception of
science.

b. Lack of knowledge is a type of students'
understanding that is incomplete and unsure
because they have little information in drawing
the correct conclusions about a concept.

c. False positive is a type of student conception
that is wrong in doing a reasoning for the
correct answer they choose.

d. False negative is a type of student
understanding that is correct in reasoning but
wrong in choosing the correct answer.

e. Misconception is a type of student
understanding in  which inaccurate
understanding of concepts, wrong use of
concepts, wrong classification of examples of
applying concepts, different meanings of
concepts, and incorrect  hierarchical
relationships of concepts.

To  determine the  percentage of
MSC/SC/LK/FP/FN per topic in cell material, the
following formula is used:

f
M= WM x 100%
Information:
M : percentage of MSC/SC/LK/FP/FN on the
topic of cell material

fm - number of MSC/SC/LK/FP/FN students
N : number of questions

Furthermore, the calculation of all students'
misconceptions is carried out using the following
formula:

S
P=EX1OO%

Information:

P : percentage of students' conception level

S : number of students identified as
MSC/SC/LK/FP/FN

N : the number of students who took the test
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A misconception is considered significant if
the misconceptions experienced by students are
10% or more of the total (Caleon & Subramaniam,

2010).

3. RESULTS AND DISCUSSION (11 pt,
bold)

The process of developing a four-tier
multiple choice diagnostic test is descriptive in
nature. The development of this instrument refers
to research conducted by Cheong et al. (2015);
Wola et al. (2020); Zhao et al. (2021). The
development stages carried out consist of five
stages which will be described, as follows:

1) Preliminary Investigation

The development of the diagnostic test
instrument begins with an analysis of core
competencies and basic competencies in senior
high school contained in the 2013 curriculum.
This analysis is carried out because it is a
reference for achieving minimum graduate
competencies at the senior high school educator
level. The analysis also aims to determine
indicators. This indicator has a function as a guide
in the problem so that it can fulfill content
validity. This means that the questions compiled
can represent proportionally and representatively
from all descriptions of the subject matter which
are predicted to often cause misconceptions in
students.

After the indicators are determined, then create
questions or questions in the form of an open
ended two-tier multiple choice. Each question
consists of a core question and an open reason.
Each of the core questions consists of four answer
choices. An open reason is a blank that will be
filled in by the student with reasons why the
student chose that answer. The results of the
reasons given by students are then adjusted with
indicators, clarity regarding language, and answer
distractors.

2) The Design Phase

The next diagnostic test instrument
development process is the design stage which
describes the transformation from an open-ended
two-tier multiple choice diagnostic test to a four-
tier multiple choice diagnostic test. According to
Gurel, Eryilmaz, & McDermott (2017)
transformation of a diagnostic test is a step taken
to change the form of a test that is developed in a
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structured manner so that a diagnostic test is
obtained that is in accordance with the research
objectives. The transformation of a two-tier open-
ended test into a four-tier multiple choice test is
based on the format or design of the two
diagnostic tests. The transformation process that
is carried out next is to place the three best reasons
with  the highest frequency indicating
misconceptions in the choice of reasons or the
third tier of the developed four-tier multiple
choice diagnostic test.

The complete four-tier multiple choice
diagnostic test consists of answer choices in the
first tier, confidence level in the second tier,
reason choices in the third tier, and confidence
level in choosing the reasons in the fourth tier. The
level of confidence used in this instrument is
focused on sure and unsure choices. This is so that
a specification of answers is obtained which
directly directs students so that it is easier in the
process of identifying misconceptions.

(Tier 1) The cell is the basic structure and the smallest
functional unit of living things. Inside a cell, there is
deoxyribonucleic acid which functions as ....

A. Composer of cell membranes, helps transport
certain substances, and accelerates chemical
reactions in cells

Forming cell structures and producing energy

The main components of the plasma membrane
Regulatory inheritance and control cell activity
Solvent of organic and inorganic materials

moow

(Tier 2) Are you sure your answer is correct?
A. Sure
B. Not sure

(Tier 3) The reason is because ....

A. Deoxyribonucleic acid can be found in the
nucleus of cells

B. Deoxyribonucleic acid can be found in the plasma
membrane

C. Deoxyribonucleic acid can be found in the
cytoplasm

D. Otherreasons: ...........cccveuviiiiininninnnnenn.

(Tier 4) Are you sure your reasons are correct?
A. Sure

B. Not sure

Figure 1. Examples of four-tier multiple
choice questions used in research

3) The Realiziation/Construction
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The construction process of the four-tier
multiple choice diagnostic test instrument is
adjusted to the design described in the previous
stage. This construction is a form of realization of
a four-tier multiple choice diagnostic test
instrument which is intended to be used to level
students' understanding and identify
misconceptions in cell material. At this stage the
placement of the correct answer, the correct
reason, the answer distractor and the reason
distractor are placed randomly on each question.
The goal is that there is no consistent pattern
regarding the correct answers and reasons so as to
prevent students from guessing the answers and
reasons. Apart from that, the instructions for
working on the questions and the time for working
on the questions must also be clear because
unclear instructions for working on the questions
can result in unsatisfactory results (Yang & Lin,
2015). What's more, students are not too used to it
or have just discovered a test in the form of a four-
tier multiple choice. A good test must also provide
sufficient time for students to think about deciding
the most correct answer from the choices given
(Gurcay & Gulbas, 2015).

4) The Stage of Evaluation and Revision

At this stage a quality test is carried out from
the development of a four-tier multiple choice
diagnostic test. An assessment tool is said to have
good quality if the measuring tool meets the test
requirements (Korur, 2015). The validity test
carried out is content validity and construct
validity.

100 91,67

85,19 87,5
80 1
o 60
53
D40
20
0
Material ~ Construction  Language

Figure 2. Results of a four-tier multiple choice
diagnostic test conducted by experts

Based on Figure 2. the material aspect obtained
a score of 91.67 with a very good interpretation
according to Riduwan (2013), thus indicating that
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the content of the material that has been developed
is in accordance with the core competencies and
basic competencies of class XI cell material in the
2013 curriculum. This is in accordance with the
opinion of Arikunto (2013) that the validity of the
material aspect is validity in terms of content
whether the contents represent representatively of
the entire material. Furthermore, on the
construction aspect, a score of 85.19 was obtained
with a very good interpretation according to
Riduwan (2013). Tests that meet construction
validity have questions that can measure every
aspect in the competency achievement indicators
(Surapranata, 2004). In the aspect of language, a
score of 87.5 was obtained with a very good
interpretation according to Riduwan (2013), so
that overall the four-tier multiple choice
diagnostic test fulfilled these three aspects,
namely: material, construction, and language, so
that overall the diagnostic test four-tier multiple
choice that already fulfills these three aspects.
Based on the results of the analysis using the
content validity ratio (CVR) method it was
declared valid because the value was 0.75 (CVR
> (0.672) while using the content validity index
(CVI1) method it was stated in a very appropriate
category because the value was 0.87 (CVI > 0.68),
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so that based on the data analysis performed it can
be concluded that the developed four-tier multiple
choice diagnostic test can be used to measure
students' conception profiles. At the time of
developing a diagnostic test, discussion with
experts is needed in order to produce a good
diagnostic test. According to Kurniawati (2021)
an understanding and ability to master material is
also needed in preparing instruments to produce
good instrument items.
5) The Stage of Implementation

At this stage, the developed four-tier multiple
choice diagnostic test instrument was then
implemented  for  students to  uncover
misconceptions experienced by students on cell
material. The profile of students' conceptions was
obtained from the pattern of answers given by
students. Decisions on student answer patterns are
divided into five, namely conceptual
understanding or scientific conception (SC),
misconception (MSC), false positives (FP), false
negatives (FN), and lack of knowledge (LK)
(Gurel, Eryilmaz, & McDermott, 2015). This
category is seen based on the answers and level of
confidence (confidence rating) given by students
in the first tier to the fourth tier.
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Figure 3. The results of the percentage of decisions on student answer patterns based on topics in cell
material

Based on Figure 3. the results show that all
topics in the cell material have percentages above
10% which indicates that each student topic has
significant misconceptions. On the topic of
differences between animal cells and plant cells,
the percentage of misconceptions was the highest
at 17.36%. The questions posed regarding this
topic were organelles, structure, and function of
organelles that differentiated them from animal
and plant cells, but students had an erroneous
understanding regarding the concepts of the topic,
while on the topic of cell function students also
still had many erroneous concepts. such as the
name of the energy-producing organelle, to the
role of the peroxisome organelle for our body”.
Next regarding "what organelles are involved in
the endomembrane system? And the function of
the endomembrane system?” which includes the
nuclear membrane, endoplasmic reticulum, golgi
bodies, lysosomes, and the plasma membrane.
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The function of the endomembrane system is to
regulate the transportation of materials and
information in eukaryotic cells. The organelles
involved in the endomembrane system work
together to process proteins and lipids, regulate
the transportation of materials from one organelle
to another, and ensure that the required materials
are stored in the right places. In addition, the
endomembrane system is also involved in the
formation and breakdown of intracellular
materials, as well as in detoxification.

The next topic is, bio-process in cells has a
percentage of 11.81%. The topic is related to cell
division and cell membrane transport (diffusion
and omosis). Related to this topic, direct
experience is needed so that students can better
understand and observe the process. This is in
accordance with research conducted by Awal,
Afidah, & Wahyuni (2018) that misconceptions
occur in cell material because cells are abstract in
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nature, many foreign terms, and the language is
difficult to understand.

Students in this study experienced
misconceptions about cell material due to the cell
concept which is a very abstract concept and
difficult to understand because it cannot be seen
directly with the naked eye. In addition, concepts
within the cell such as cell organelles, the role of
each organelle, and the processes that occur
within the cell can also be difficult to understand.
Furthermore, some cell concepts may conflict
with students' initial perceptions, so they tend to
ignore or set aside these conflicting concepts.
Lack of practicum or demonstrations can also lead
to misconceptions in students, and finally,
learning resources used by students such as
textbooks or learning videos may not present cell
concepts in an easy-to-understand way, or are too
simple so that important details are overlooked.

Therefore, it is important for
teachers/instructors to pay attention to
misconceptions that occur in students and find
ways to help students understand the cell concept
better by providing material that is easier to
understand, conducting demonstrations and
practicums, and emphasizing the importance of
understanding the cell concept.

In Figure 3. each topic in cell material has a
high percentage of lack of knowledge (LK).
According to Adrianto, Candramila, & Ariyati
(2017) lack of knowledge can be triggered by
internal and external factors. Internal factors are
caused by students not being able to develop an
understanding of concepts that have a higher level
of difficulty. This is because the inability of
students to connect basic concepts with higher
concepts is caused by cognitive biases. According
to Andry, et al. (2019) that the lack of knowledge
possessed by students can cause misconceptions.
The lack of knowledge that occurs in students can
be overcome by providing additional information
related to concepts that students have not yet
understood.

In Figure 3 scientific conception (SC) or
correct understanding of the concept is classified
as low because only the topic of cell structure is
above 10% while other topics are still below 10%.
False negative (FN) is a type of student
understanding that is correct in reasoning but
wrong in choosing answers in the first - tier.
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Based on the figure, the highest percentage of
false negatives is found on the topic of cell
functions with a percentage of 19.44%. False
negatives occur when students are wrong in
choosing answers at tier 1 but on the tier 2 and tier
4 confidence index many students answer
confidently, but the reasons students choose at tier
3 are correct. This can be interpreted that in this
condition there is little information (less
information) owned by students, in this situation
it is considered not problematic because it is
caused by the carelessness of students in giving
answers (Istiyani, Muchyidin, & Raharjo, 2018).
The highest false positives (FP) were found on the
topic of cell structure with a percentage of
16.87%. The condition of students experiencing
false positives where students answer correctly at
tier 1 and wrong at tier 3 and have confidence in
tier 2 and 4. False positives can occur because
students  lack  understanding  (deficiency
understanding) with a concept (Yusuf, Jusniar, &
Yunus, 2022).

12,78%

8,33%

14,58%

16,81%

ESC LK EFN mFP mMSC

Figure 4. The results of the percentage of the
overall decision on the pattern of student answers

Based on Figure 4 it shows that overall the
misconceptions experienced by students are
considered significant because they produce a
percentage of 12.78%, while scientific conception
(SC) or correct understanding of concepts
produces 8.33%, which means that students'
understanding of the concept of cell material is
still relatively low. Lack of knowledge (LK) or at
least information owned by students dominates
because it produces a percentage of 47.5%. False
positives (FP) generate 14.58%, while false
negatives (FN) generate 16.81%. Based on this,
the developed diagnostic test can be used to
describe the state of the student's profile on cell
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material. A four-tier multiple choice diagnostic
test can also be used to detect misconceptions
about genetic material (Wulandari, Gusmalini, &
Zulfarina, 2021).

According to Machova & Ehler's (2021)
research that students still experience many
misconceptions about cell material and genetics.
The main reasons why there are difficulties in
learning the material are the nature of the topic,
the teaching style of the teacher, the study and
study habits of the students, the students' negative
feelings and attitudes towards the topic and the
lack of resources. To overcome these difficulties
and make biology learning more effective, it is
recommended to teach biology through the use of
visual materials, teach through practical work,
reduce the content of the biology curriculum, use
various learning techniques, teach biology by
connecting topics with everyday life, and make
biology learning be interesting (Cimer, 2012).
One of them is by using the guidance of a
technology and instruction that can help students
to integrate new concepts into their previous
understanding (Cisterna, Williams, & Merritt,
2013).

Research conducted by Park & Liu (2021)
found that student misconceptions are closely
related to learning science and affect student
academic achievement in science subjects.
According to research conducted by Assimi et al.
(2022) shows that students and prospective
teachers have misconceptions about cell material.
In most cases, the teacher is the source of students'
misconceptions. Teachers need to be aware of
misconceptions in biology lessons in class and
how to overcome them, as researchers and
educators have suggested and examined effective
practices to prevent and correct misconceptions
(Kumandas, Ateskan, & Lane, 2009). According
to Atchia, Chummun, & Luckho (2022) teachers
or educators can choose appropriate and
structured learning methods in order to be able to
identify and eliminate student misconceptions
based on the type and origin of misconceptions.

4. CONCLUSION

The conclusion of this study is that the four-
tier multiple choice diagnostic test that was
developed is feasible to be used in describing the
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state of students' conception level in cell material.
The results showed that the misconceptions
experienced by students were 12.78%
(misconceptions> 10%) meaning that the
misconceptions experienced by students in cell
material were considered significant, while
scientific conceptions or correct understanding of
concepts produced 8.33%, which meant students'
understanding of the concepts of cell material is
still relatively low.
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