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ARTICLE INFO ABSTRACT

Strengthening Learning Progression (LP) for students' reasoning abilities is important,
Article history especially learning about diseases in Indonesia. This study aimed to map the learning
Received: 29 April 2021 progression of disease in Indonesia, compare and analyze its similarities and
Revised: 16 Juny 2021 differences with the LP designed by National Reseaarch Council (NRC). This
Accepted: 26 Juny 2021 qualitative research to map LP, using the analysis documen method by comparing the
Published: 31 July 2021 content analysis of Basic Competencies of Curriculum 13 with benchmark analysis

from the NRC 2007 on Science and Biology textbooks published in 2016, 2017, and
Keywords 2018 at the elementary, junior high, and high school levels published by the Ministry
Disease of Education and Culture of the Republic of Indonesia. The findings are the LP on
Learning progression design disease in the curriculum and life science textbooks in Indonesia has not met the
Learning progression benchmarks, especially in three categories, namely; pathogens, the immune system,

and infection spanning learning from K-2 (elementary) to K-12 (high school).
Therefore, it is necessary to categorize LP topics in diseases based on conceptual
abilities from the simplest to the most complex.
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INTRODUCTION

Learning Progression (LP) is a sequence of students’ conceptual understanding by looking at their
concept constructions developed from core ideas into several big ideas (Duschl, 2019). LP is a complex way
of thinking in understanding a topic or concept (National Research Council, 2007). LP is a hypothesis on
howstudents understand a topic that shows their achievement according to their grade (Todd et al.,, 2016). LP
is also a complex way of thinking over time in understanding ideas or concepts in sequence (Herrmann-abell
& Deboer, 2018). Basically, the sequence and scope of concepts that should be taught at school will be the
aspect that teachers need to concern to develpop the learning design and learning activities of certain subject.
It is also a basis for curriculum developer to think about the flow of core concepts that should be set up to
learn the simple concepts to the complex one from the lowest level of school to the highest.
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Previous works had revealead the important utilization of LP. LP has a role in developing biology learning
from kindergartens (Elmesky, 2013), elementary and middle schools (Duncan et al., 2014), high schools
(Stevens et al., 2013; Todd et al., 2016), and higher education (Todd et al., 2017). It is also very useful to map
students’ understanding from the basic concepts to more complex (Herrmann-Abell & Deboer, 2018). LP is
also identified as the approach used by teachers to explore concepts from simple to more complex ones
(Wulandari & Ramli, 2019). Since the difficult and complex science topic urge the students to be more creative
in seeing problems from all points of view, it is important to help students understanding the complex concepts
from it simple format. LP can probe students’ understanding of complex concepts from their point of view (Van
et al., 2016). LP also can integrate and expand strategies to develop core ideas in science learning. LP is not
only a tool to revise a curriculum, but also to make the more effective and optimal curriculum implementation
(Gallacher & Johnson, 2019).

LP on disease was initially promoted by NRC 2007. The concepts of disease by the NRC are divided into
three sub concepts, i.e., the genetic factors influence the disease of organism, the human defense or immune
system, and the infecton of pathogen. Based on the NRC's LP scheme, there were many researchers
developed LP on the biology topics. For example, the LP genetics, which was reviewed by (Todd & Kenyon,
2015). It received good responses from researchers who focused on the concepts of modern genetics. LP in
genetics and biodiversity are two of issues that have been studied widely (Duschl, 2019; Elmesky, 2013).

The concept of disease has been introduced to kindergarten students in many ways in several countries,
including Indonesia. For example, students have been trained on how to brush teeth properly. This is an
important step to maintain the child’'s immune system. At this age, they have a great curiosity about the
surrounding environment, so they are very susceptible to contracting diseases. Primary school children have
been educated about the immune system. However, this was introduced only as a way of how to wash hands
properly, and not to buy food from unhygienic places to avoid disease (Juriah et al., 2018; Megawati et al.,
2018; Utami & Waladani, 2018).

The topic of disease, especially infectious disease becomes more urgent and crucial to be studied in
Indonesia and other countries, particularly in this current pandemic of Covid-19. Although, the topic of disease
has already set up in the science curriculum of many countries, strengthening the topic of the human
infectious diseases such as dengue fever, influenza, SARS, MERS, and other corona virus infectious disease,
becomes more important recently. However, the topics related to disease in the Indonesia science curriculum
seems have not yet have a well-defined sequence and scope as well.

A clean and healthy lifestyle can be trained by studying vector organisms that carry or spread diseases,
as has been done by Norista & Norfai (2019). The introducing of the concept of infectious diseases is very
important due to Indonesia, as a tropical country, has many types of infectious diseases and their vectors
(Swara, 2020). Not all diseases can be transmitted, but maintaining health and cleanliness can reduce the risk
of contracting infectious diseases in the future (Su & Yang, 2015). Moreover, understanding about viruses and
the environment will increasing the awareness of humans about its infection and less prone to panic when a
pandemic occurs (Benjamin et al., 2020; Drucker & Then, 2015; Pascapurnama et al., 2018; Randolph &
Barreiro, 2020; Sarkar et al., 2021).

The concept learned in high school students is more difficult and complex compared to elementary or
middle schools. It may result in frequent misconceptions (Coley & Tanner, 2015). Misconceptions occurred at
the high school levels showed that students’ understanding of basic concepts was unsystematic. The
concepts learned by students should be systematized from the simplest to the most complex ones and should
be firm. If not, it can lead to misconceptions (Potvin et al., 2020). Conceptual understanding is expected to
develop by connecting one concept with another (Wyner & Doherty, 2017).

So far, learning about disease has focused on diseases caused by the environment and social activities
(Afridah & Fajariani, 2017; Juriah et al., 2018; Yang et al., 2016). Various studies found inconsistent and
sporadic learning about the disease across all levels of education. LP about the disease is expected to
systematize the learning sequence and scope of disease from elementary to high school.

National Research Council (NRC), conducted four topics related to LP: (1) Defining LP; (2) Development
of LP; (3) Modeling and interpreting LP; and (4) Use of LP. Point 4 refers to the application of LP in reviewing
science education, including the design of standards, curriculum, and teacher education (Duschl et al., 2011;
Kobrin et al., 2015). The conference also spurs the popularity of LP. Research on LP has been developed in
various disciplines, and in evaluating the LP itself in terms of content, use, and validation (Kobrin et al., 2015).
LP has the potential to set standards, assess, and provide direction to promote scientific literacy. Big ideas
can be explored in a period of continuous learning. LP is used by practitioners as an improvement in the high-
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quality curriculum in Korea (Lee & Yeo, 2015). LP promises a better approach to science education by
aligning various aspects of the education system that focus on scientific social information and students’
learning styles (Scott et al., 2019).

Meanwhile, a clear and concise LP about disease will help teachers in designing lesson plans according
to the class level and students’ ability to understand the certain concepts. Therefore, it is urgent to design the
proper learning progression of disease which will be a basis for teachers in Indonesia or other countries to
construct learning design or lesson plan. For that reason, the first step must be run is to analyse the concepts
of disease taught at school through curriculum and textbooks analysis. To analyse the curriculum and
textbook, the benchmark from NRC was used. NRC has formulated the Construct-Modeling Approach to
develop a Learning Progression according to the level and component analysis connected at each level
(Duschl et al., 2011). Three categories were used as the basis to develop LP about the disease in Indonesia.
They were pathogens, body immune system, and infection.

This research aims to provide information regarding the sequence and scope of disease concepts in
Indonesian curriculum and textbooks. Based on this analysis, the suitable LP of Diseases was constructed.
The LP is expected to ease the teachers to develop more effective lesson plans. The research questions
focused on how does the sequence and scope of concept of disease is composed in the Indonesia's science
curriculum, and the textbook? Do the sequences have met the ones promoted by the NRC? What kind of LP
design which can be recommended based on the analysis?

METHOD

The qualitative research design was applied with the following stages: 1) analyzing the basic
competencies in the 2013 Curriculum about the concept of disease; 2) analyzing elementary school thematic
books, junior high school science textbooks, high school biology textbooks; 3) comparing the results of the
analysis with the benchmark from National Research Council (NRC) 2007; and (4) compiling the LP about
disease according to the 2013 Curriculum based on textbooks used by Indonesian students. The books
analyzed are science and Biology textbooks published in 2016, 2017, and 2018 by the Indonesian Ministry of
Education and Culture.

Document analysis was used to map the material related to disease in the 2013 Curriculum and the
textbooks. At primary school, they are thematic books that explain all subjects in one theme. Meanwhile,
middle school textbooks are science textbooks that contain physics, chemistry, and biology in one book but
are separated in each chapter. The textbooks for high school students were the biology textbooks, and the
content analysis focused on the topics directly related to pathogens, the body’s immune system, and infection.
The 2013 Curriculum analysis was used to map the concept of disease. It then, was used as a reference to
design LP about the disease.

RESULTS AND DISCUSSION

NRC has divided the concept of disease into levels for various sub-topics. Those levels were level 1 for K2,
level Il 3-5, level Ill for 6-8, and level 4 for 9-12. The concepts were divided into three sub-topics: 1) genetic
problems, 2) the body’s defenses, and 3) infection. The subtopics were coded as follows: 1) LPA for genetic
diseases, 2) TBSA for the immune system, and 3) LPC for infection. Each concept also to be coded as
follows: LPA1, LPB 1, LPB 2, LPB 3, LPB 4, LPB 5, LPB 6, LPB 7, LPB8, LPB9, LPB10, and LPC1, LPC2,
LPC3, LPC4, LPC5, LPC6, LPC7, LPC8, LPC9, LPC10, LPC11. For LP found specifically in Indonesian
Textbooks, the codes were: 1) LIA for pathogens, 2) LIB for the body’s defenses, and 3) LIC for infection. The
codes were detailed in Table 1.

The mapping of concepts related to disease in the 2013 Curriculum is presented in Table 2. There are 19
Basic Competencies (BC) about the disease, and all of them are taught in elementary, middle, and high
schools. Five BC are taught in elementary school grades 4, 5, and 6. They are related to maintaining personal
health and the environment, and the importance of maintaining cleanliness. In middle school, seven BC are
taught in grades 8 and 9. They are related to the human immune system. In high school, seven BCs are
taught in grades 10, 11, and 12. For tenth graders, they learn about viruses, bacteria, fungi, and protists, while
eleventh graders study diseases related to human organ systems and twelfth graders are immunity and
genetics, can be seen in Table 2.
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Table 1. The NRC's learning progression of disease

Grade

Genetic problems (LPA)

The body’s defenses (LPB)

Infection (LPC)

K2

3-5

6-8

9-12

NR

NR

In organisms that have two
sexes, typically half of the
genes come from each
parent. LPA-1

NR

Some things people take into their bodies
from the environment can hurtthem. LPB-1

Diseases caused by germs may be spread by
people who have them. Washing one’s hands
with soap and water reduces the number of
germs that can get into the body or that can
be passed on to other people. LPB-2

Skin keeps the body from drying out and
protects it from harmful substances and
germs.

For defense against germs, the human body
has tears, saliva, skin, some blood cells, and
stomach secretions. LPB-3

A healthy body can fight most germs that do
get inside. However, there are some germs
that interfere with the body’s defenses. LPB-4
White blood cells engulfinvaders or produce
antibodies that attack them or mark them for
killing by other white cells. The antibodies
produced will remain and can fight off
subsequent invaders of the same kind. LPB-5

White blood cells engulf invaders or produce
antibodies that attack them or mark them for
killing by other white cells. The antibodies
produced will remain and can fight off
subsequent

invaders of the same kind. LPB-6

Gene mutation in a cellcan result
inuncontrolleddivisioncalled cancer.
Exposureof cells to certainchemicals and
radiationincreases mutations andthus the
chance of cancer. LPB-7

Psychological distress may affect an
individual's vulnerability to biological disease.
LPB-8

Some allergic reactions are caused by the
body’'simmune responses to
harmlessenvironmental substances.
Sometimes the immune system may attack
some of the body’s own cells. LPB-9

Faulty genes can cause body parts or
systems to work poorly. Some genetic
diseases appear only when an individual has
inherited a certain faulty gene from both
parents. LPB-10

Some diseases are caused by germs,
some are not. LPC-1

Most microorganisms do not cause
disease, and many are beneficial. LPC-2

If germs are able to get inside one’s body,
they may keep it from working properly.
LPC-3

There are many diseases that can be
prevented by vaccination, so that people
don't catch them even once. LPC-4

There are some diseases that human
beings can catch only once. LPC-5

Specific kinds of germs caused specific
diseases. LPC-6

Viruses, bacteria, fungi, and parasites
may infect the human body and interfere
with normal body functions.A person can
catch a cold many times because there
are many varieties of cold viruses that
cause similar symptoms. LPC-7

Pasteur found that infection by disease
organisms (germs) caused the body to
build up an immunity against subsequent
infection by the same organisms. He then
produced vaccines that would induce the
body to build immunity to a disease
without. LPC-8

The length and quality of human life are
influenced by genes and environmental
factors, including sanitation, diet, medical
care, and personal health
behaviors. LPC-9

The immune system protectsthebody from
microscopic  organisms and foreign
substances and against some cancer
cells that arise within. LPC-10

Some viral diseases, such as AIDS,
destroy critical cells of the immune
system, leaving the body unable to deal
with  multiple infection agents and
cancerous cells. LPC-11

The topics related to disease were presented in Table 3. In elementary schools, the topics are related to
maintaining personal health and a healthy environment. Several elementary thematic books have presented
the concepts of disease which state that the cause of the disease is germs. Middle school students study
disorders in the digestive, respiratory, excretory, and circulatory systems. The high school students deal with
more complex topics such as viruses, bacteria, fungi, and human organ systems.

Those topics are not all directly related to the concepts of the LP from NRC. It showed that for third, fourth,
sixth grades did have topics about diseases. For middle school, no concepts about the immune system that
concur with the LP from NRC. The concept about disease contained in the textbooks was shown in Table 3.
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Table 2. Analysis of concepts related to disease in the 2013 Curriculum.

Grade Basic Competencies NRC

4 4.3.7. Explain the importance of preserving natural resources and the environment NR

5 5.3.2. Describe the respiratory organs and their functions in animals and humans, and NR
how to maintain their health.

5 5.3.3. Describe the digestive organs in animals and humans, their functions, and how to LPB1, LPB2 ,LPB3,
maintain their health.

5 5.3.4. Describe the circulatory organs in animals and humans, their functions, and how to NR
maintain their health.

6 6.3.2. Link puberty in boys and girls to reproductive organs’ health. LPB6,LPB7

8 8.3.1. Analyze human locomotory systems, and efforts to maintain its’ health NR

8 8.3.5. Analyze the digestive organs in humans, their functions, and how to maintain their ~ LPA1,LPC6,LPC7,LPC8
health.

8 8.3.6. Describe various additives in food and beverages, addictive substances, and their NR
impact on health.

8 8.3.7. Explain and understand the circulatory system, diseases and disorders related to NR
the circulatory system, and efforts to maintain the health of the circulatory system.

8 8.3.9. Analyze and understand the respiratory system, disorders and diseases of the LPB6,LPB7
respiratory system, and maintain the health of the respiratory system.

8 8.3.10. Analyzing the excretory system in humans, understanding disorders of the NR
excretory system, and efforts to maintain the health of the excretory system

9 9.3.1. Connecting the human’s reproductive system and its disorders with the healthy LPBS,
lifestyle that supports the reproductive system.

10 10.3.4. Analyzing the structure, replication, and role of viruses in life. LPB9

10 10.3.5. Identify the structure, way of life, reproduction and role of bacteria in life. LPB10

10 10.3.6. Classify protists based on their general characteristics and their role in life. LPB11

10 10.3.7. Classifying fungi based on characteristics, modes of reproduction, and their role LPB2
in life.

1 11.3.14. Analyzing the role of the immune systems and immunization on physiological LPC9

processes in the body.
12 12.3.8. Analyze mutation in living organisms. LPB12,
10 10.4.4. Conducting a campaign about the dangers of viruses, especially HIV/AIDS. LPC10
Description: Ordinance of Ministry of Education No. 27/2018, NR = not related.
Table 3. Textbooks chapters related to Disease Topics.

Grade Topics Books or chapters NRC
1 Diseases caused by not maintaining a healthy Book: 1: Myself; 6: Clean, Healthy, and Beautiful LPB-1
lifestyle. Environment; and 7: Things, Animals, and Plants

Around Us.

2 Unclean environment can cause disease. Books: 2: Playing in My Environment; 3: Daily Tasks; LPB-2

and 4: Clean and Healthy Living.

3 NR Books: 1: Growth and Development of Living Things NR

and 2: Caring Plants and Animals.

4 NR Book 3: Caring Living Beings. NR

5 Awareness of heart health and clean air for health. ~ Books: 1: Locomotoric Organs in Animals and LPB-3

Human; 2: Clean Air for Health; 3: Healthy Food; 4: LPB-4
Importance of Health; 5: Ecosystems; 8: Our Healthy :::;(B:g
Environment. LPC-3

LPC-4

6 NR Books: 1: Save the Living Beings; 8: Our Earth. NR

7 Lack of protein is not good for the body. CHAPTER 6 Energy and Living Systems. LPA-1
Metabolic disorders in the form of acetone Semester Il CHAPTER 3 Environmental pollution.
compounds can cause respiratory problems.

Organ damage caused by agricultural waste
pollution. Organ damage caused by water pollution.

8 Bone abnormalities in humans. CHAPTER 1. Locomotion system of organisms in the ~ LPB-
Diseases of the digestive system. Diseases caused  surrounding environment. 6LPB-7
by additives. CHAPTER 6. Human circulatory system. LPC-6
Diseases caused by addictive substances. CHAPTER 8. Human respiratory system. LPC-7
Diseases caused by circulatory system disorders. CHAPTER 9. Human excretory system. LPC-8
Respiratory system diseases.

Diabetes mellitus and kidney damage.
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Grade Topics Books or chapters NRC
9 Diseases caused by bacteria, fungi, or viruses. CHAPTER 1. The human reproductive system. LPB-2
Color blindness, hemophilia, and cancer. LPB-8
10 Diseases caused by viruses, bacteria, or fungi. CHAPTER 3: Viruses, CHAPTER 5: Protists, and  LPB-

CHAPTER: 6 Fungi. 9LPB-10

LPC-6

LPC-7

LPC-8

1 Disorders and diseases in human organ systems CHAPTER 4: the locomotoric system, CHAPTER 7:  LPB-11,
due to hormone deficiencies. the respiratory system, CHAPTER 8: the excretory LPC-7

system, CHAPTER9: the regulatory system, LPC-9
CHAPTER 10: the reproductive system, and
CHAPTER 11: The immune system

12 Problems and diseases due to protein deficiency. CHAPTER 2: Enzymes and cell metabolism, LPC-10
CHAPTER 3: Genetic substances, and CHAPTER 4:
Cell division.

Description: Ordinance of Ministry of Education No. 27/2018, NR = not related.

The disease LP was developed based on the benchmark from NRC (2007). The concepts to be compiled
were based on the analysis of Indonesian students’ textbooks. The concepts were divided into several sub-
topics with some difference from the NRC subtopics. The genetic diseases were compiled under the subtopic
pathogens because elementary students have not yet studied the genetics. The concepts in LP were
sequenced according to the level of understanding from the NRC (2007). The concepts were divided into
Level | for 2 grades, Level Il for 3-5, Level Ill for 6-8, and Level IV for 9-12. In this research, the concepts
were divided into Level | for 2 grades, Level Il for 3-8, Level lll for 7-9, and Level IV for 10-12. These
concepts can be seen in Table 4.

Table 4. Compatibility between the concepts in NRC's LP about disease and topics covered by the 2013 Curriculum.

Topics Covered by 2013 Curriculum NRC, 2007

The proposed LP contains 32 concepts: nine concepts about NRC’s LP about disease consisted of 22 concepts which were
pathogens, 14 concepts about immune system, and nine divided into genetic disorders, immune system, and infection.
concepts about infection.

The proposed LP consisted of four levels: Level | for grades 1-2, NRC'’s LP was divided into four levels: Level | for K-2, Level Il for
Level Il for grades 3-6, Level Ill for grades 7-9, and Level IV for  3-5, Level Ill for 6-8, and Level IV for 9-12.

grades 10-12.

The existing LP helps researchers to understand the importance of basic concepts to develop students’
conceptual understanding, such as learning genetics (Todd et al., 2017). Based on the curriculum and the
textbooks analysis, this study develops the Disease LP by following the 2013 Curriculum structure of BC, and
the Disease LP by NRC. The suggested LP is distributed into subtopics of 1) genetic disorders, 2) immune
system, and 3) infection. The LP differed from the NRC's structure of 1) pathogens, 2) immune system, and 3)
infection. The compiled concepts about genetic disorders and pathogens also differed. The NRC'’s LP has 22
concepts while the suggested LP has 32 concepts. Details of those concepts are figured out in Table 5.

Table 5. Proposed Constructions of LP about Disease for Indonesian Students.

Levels Subtopics
Pathogens the body’s defenses Infection
| (Grade 2) 2 5 3
I (Grades 3-6) 1 5 1
Il (Grades 7-9) 3 1 2
IV (Grades 10-12) 3 3 3

In our proposed LP, the subtopic of pathogens replaced the subtopic about genetic diseases. It was based
on the textbook analysis that showed in elementary school, students were familiarized with concepts about
pathogens rather than genetics. The concepts about pathogens can be found in many elementary schools’
textbooks such as Book 1: Me; Book 6: Clean, Healthy, and Beautiful Environment; and Book 7: Objects,
Animals, and Plants around Us. Those themes showed that the concept of disease has been leamned at the
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elementary school level by introducing students to a clean and healthy lifestyle from an early age. In middle
school, students were taught about addictive substances and viruses, and so they've learned diseases can be
caused by substances or organisms. It showed that concepts about the disease have been mastered but have
not yet become the main topic in learning. The subtopic about pathogens showed that elementary students’
basic understanding of disease existed, but not yet coherent.

Middle school students’ understanding of pathogens is more advanced than elementary school students. It
can be seen in the middle school textbooks which contain topics explaining several diseases caused by
pathogens. It can be seen in the topics about organ systems and their disruption by pathogens such as
bacteria and viruses. High school students’ understanding of pathogens was more complex. But their textbook
repeated what they've learned in middle schools. They differed on how the pathogen infects the human body.
The analysis resulted in the following conceptual arrangement: Nine concepts about pathogens were to be
divided into two concepts for second grade, one concept for 3—6, three concepts for 7-9, and three concepts
for 10-12. The arrangement is presented in Figure 1.

Several pathogens can cause disease and are more rapidly transmitted under
suitable climatic conditions.

I Some viruses mutate quickly. I

I Mutated pathogenic organisms can cause new diseases that are dangerous for I
humans.

Specific pathogens cause specific diseases. I

I Pollution in water, air, and soil can carry disease-causing pathogens for humans. I

Pathogens from a certain area have different abilitibility from other germs. I

I Germs on animal bodies can be a source of infectious diseases in humans. I

Germs are small living things that can cause disease if they enter the humans or
animal bodies.

@ I Some diseases that are caused by germs, some are not. I

Figure 1. The Sequence of the Concept about Pathogens.

The sequence of the concepts about immune system

The subtopic about the immune system was studied in elementary, middle, and high schools. Thus, it was
to be included in the proposed LP. This concept was to be taught from elementary. It began with students
learned about protecting themselves against infectious diseases, such as covering their mouth when sneezing
or coughing. They also taught that human'’s tear protects eyes from foreign substances. At middle schools,
students began to recognize that human body parts are the means of defense, for example, skin. At high
schools, they learned about the immune system in more detail. The analysis resulted in the following
arrangement: five concepts about the immune system were to be learned in second grade, five concepts for
3-6, one concept for 7-9, and three concepts for 10-12. The arrangement was presented in Figure 2.
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Some pathogenic organisms can cause diseases that attack the human immune
system, such as HIV/AIDS.

| Psychological stress may lead to weak immunity against disease. |

disease.

The immune system can be formed when pathogenic organisms attack and cause |

When viruses or bacteria enter the human body, the white blood cells will fight against
those pathogenic infections.

Some diseases only affecting human once during their lifetime. |

The sharing of personal items can cause disease transmission. |

A healthy body can prevent germs from attacking the human body. |

The human body has a self-defense mechanism against pathogens in the form of
tears, saliva, skin, blood cells, and digestive secretions.

The skin protects the body from sunlight, harmful substances, and germs from the
outside the human body.

Using a mask when sick or hanging out in large crowds can prevent us and other
people from getting sick.

Covering your mouth when you sneeze can prevent other people from getting sick. |

Washing hands with soap in running water before and after eating and after
defecating can avoid germs that cause disease.

| Germs can enter our body through food or sneeze, and can cause illness. |

| A healthy body starts with a clean environment and a healthy lifestyle. |

Figure 2.The Sequence of the Concepts about Infection.

The sequence of the concepts about infection

The concepts about infection have also been studied during elementary, middle, and high schools. It has
been studied systematically and coherently. It resulted in students can understand how diseases spread and
how pathogens such as bacteria or viruses enter the human body through various vectors. These initial
concepts showed that their understanding was still low. Grades 3-6 students understand that disruptions in
the function of organs indicate a viral or bacterial infection.

Middle and high school students have learned the mechanism of viruses or bacterial infection and how they
damaged the cells and tissues, causing disease. The analysis resulted in the following arrangement: three
concepts for second grades, one concept for 3-6, two concepts for grades 7-9, and three concepts for grades
10-12. The arrangement was presented in Figure 3.
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Different viral infections can occur due to different incubation periods, hosts,
transmission rates, and symptoms.

Vaccines are antigenic substances taken from the blood plasma of people who are
immune to certain viral infections to produce immunity in others through vaccination.

@ Animals and plants can be vectors or carriers of pathogenic microorganisms. |

The attenuated viruses used as vaccines help prevent pathogens from re-
infecting.

Viruses, bacteria, fungi, and parasites that enter the human body will distrupt
normal body functions.

@ If germs get into a person's body, they can distrupt various body functions. |

Germs that stick to objects and the human body can enter the body and can
cause illness.
Germs can be transmited from a sick person to a healthy person |
Germs can enter our body through food or sneeze, and can cause ilness. |

Figure 3. The Sequence of the Concepts about Infection.

Learning progression on disease developed by the NRC (2007) was focused on three categories: 1)
Genetics: the diseases caused by genetic disorders in humans. 2) Body defense: how the immune system
fights against viruses and prevents them from entering the human body. And 3) infection: show the disease
infects humans and how the pathogens or infectors infect the cells. They were further divided into 4 levels:
Level 1/K2 (Kindergartens-2nd grades), Level 2 (3rd-5th grades), Level 3 (6th-9th grades), and Level 4 (10th-
12th grades). Thirty-two basic concepts for understanding the disease were found from the textbook analysis.
Those concepts were distributed and adjusted according to the grades or levels. The analysis also found the
discontinuity among the concepts taught in the current system.

The analysis showed that the concepts about the disease have been taught to students according to the
2013 Curriculum. Thirty-two basic concepts have been developed and adapted from the NRC'’s formulation
(22 basic concepts). Some concepts about diseases were known by students from their prior knowledge and
experience. The analysis also showed a mismatch between one concept with the following concepts.
Understanding basic concepts are very important because it can influence subsequent understanding
(Duschl, 2019; Elmesky, 2013).

Simple and basic concepts help students understanding more complex concepts learned during middle
and high school. LP design also important and can help teachers as a standard for curriculum preparation
(Duschl et al., 2011). LP has been widely studied on science topics (National Research Council, 2007).
Biological concepts can also relate to other concepts in science (Kohn et al., 2018). The interconnected
concepts should be mastered by students, especially in high school.

The proposed LP design was different from that of the NRC 2007. It was to accommodate the differences
in culture and understanding. For example, the US and Chinese students differed in their understanding of the
Carbon Transformation process (Jin et al., 2013). The conceptual understanding should be based on the
relevant Indonesian local wisdom. The concepts compiled from the textbook analysis resulted in two points of
view. Elementary school students’ understanding of the disease was very different from the middle schoolers.
Knowledge about health from an early age can help students avoid disease and can affect students’ academic
intelligence (Mcisaac et al.,2015; Peralta et al., 2016).
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Knowledge about diseases differed according to age and grades. The upper graders should understand
more complex concepts about diseases such as AIDS, influenza, and cancer (Sigelman & Glaser, 2019).
Middle and high school students have understood various scientific terms related to the pathogens, but
elementary school students did not. Some students might have misconceptions about several concepts. They
might know about fungi, but they might categorize them as the plant, not as a separated taxon with different
types, species, sizes, and other characteristics.

The concept of disease has been conveyed to elementary school students in themes about how to avoid
disease. This concept was introduced and intended so that students can socialize even if the environment has
various disease vectors (Cauchemez et al., 2011). The basic concepts to be mastered were not to contract
the disease vectors while doing activities outside the home.

The concepts studied by middle school students were more complex and require a deeper understanding.
The learning topics were very diverseand interrelated to Chemistry and Physics during practical laboratory
tasks (Darminto & Side, 2012; Subamia et al., 2019) learn about photosynthesis (Ariandini et al., 2014;
Rohman & kurniati, 2015) and the digestive enzymes (Minarti et al., 2012). Introducing infectious diseases in
the reproductive system was very important for junior high school as part of sexual education (Yang et al.,
2016).

The concepts learned by high school students were complex and related to other disciplines such as
Chemistry, Physics, Mathematics, and others. For example, during learning, there were processes of
observing objects using a microscope with light projections, magnification, and chemical reagents (Cisterna &
Williams, 2013; Freidenreich et al., 2011; Goetz et al., 2016; Kohn et al., 2018; Williams et al., 2011). Proper
learning frameworks help students understand interrelated science topics. For example, US students can
generate ideas about the structure of matter, conservation, interaction, and energy when learning about
transformation (Stevens et al., 2013).

CONCLUSION

The results showed that the concepts related to disease studied from elementary to high school have not
been welldefined and integrated in the curriculum 2013. The textbooks analysis showed that the concepts of
disease taught in Grades 1 and 2 did not continue in Grades 3 and 4 but taught again in Grade 6. The
learning cycles were repeated at each Grade. The concepts taught to junior high school students contain clear
concepts about disease, but at the high school, the topics were repeated without any concept progression
from the previous level.

This research produces a sequence of disease concepts that can probe the students' conceptual
understanding from elementary to high schools. The LP design has three main concepts: The pathogens,
immune system, and infection. Those three main concepts have nine sub-concepts of pathogens for
elementary school level (two sub-concepts for K2 and one sub-concept for grades 3-6), and three sub-
concepts for grades 7-9 and 10-12. The immune system has 14 sub-concepts which are divided into five sub-
concepts for K2 and grades 3-6, one sub-concept for grades 7-9 and three sub-concepts for grades 10-12.
The infection has nine sub-concepts with three concepts for K2 and 10-12, one concept for grades 3-6 and
one concept for grades 7-9.

The LP design can act a consideration for education practitioners to improve the curriculum, especially
those related to the concept of disease. The results were expected to be informing educational practitioners to
develop more effective learning plans. The researcher did not unilaterally claim that the current curriculum is
not good, but only provides suggestions for further improvements. This study can be a reference in reviewing
LP in other disciplines. In this study, the LP has not been tested for its' validity and effectiveness.

The students’ understanding of the disease should be strengthened from the most basic, so they can
understand the next concepts easily. The sequence of concepts must be clarified to bring up the
interconnectivity among the concepts. Categorizing the concepts was necessary to ease the students in
understanding the topics. The LP about the disease was expected to help the students build their conceptual
understanding from the very basic concepts to the most complex ones.
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