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ABSTRACT 

Dewi Ayu Tyas Sekar Wening. ANALYSIS OF STUDENT UNDERSTANDING 

BASED ON THE LEARNING PROGRESSION OF ENERGY CONCEPT IN 

CARBON TRANSFORMATION PROCESS IN THE SOCIO-ECOLOGICAL 

SYSTEM. Thesis. Faculty of Teacher Training and Education. Sebelas Maret 

University Surakarta. June 2020. 

The obejctives of this study was to determine the understanding profile of 

grade X, XI, and XII students on learning progression of the concept of energy in 

the process of carbon transformation in the socio-ecological system.  

This research is a quantitative adopted the ex post facto method with two 

non-modified variables, ie grade and gender. The subjects of the study were 168 

students of Senior High School 1 Teras Boyolali selected by stratified random 

sampling. Data of understandings was collected by a checkboxes test with a total 

of 10 multiple choices and essay items related to the concept of energy in the 

process of carbon transformation in socio-ecological systems adopted from Jin & 

Anderson. The validity of the instrument was analyzed by the Rasch Model 

analysis using the Winstep. Data was analyzed descriptively to categorize the 

level of learning progression of each student, and then data was analyzed 

quantitatively to determine the profile of student learning progression. 

The results showed that all items in the test instruments were valid and 

reliable. The understanding profile of students related to the concept of energy in 

the process of carbon transformation in the socio-ecological system do not meet 

the expectation. Grade X and XII at level 1, while grade XI is tended to be at level 

2, where the expected level of high school students is level 4. There is no 

difference in the level of understanding between female and male students. 

 

Keywords: learning progression, energy concepts, understanding ability, Rasch  

model  



 

 

MOTTO 

 

Wasting time is worse than death because death separates you from the world 

while wasting time separates you from Allah. 

(Imam Ibn Al Qayim) 

 

Life is like riding a bicycle. To keep your balance, you must keep moving. 

(Albert Einstein) 

 

Failed to repeat again, disconnected again. The spirit is forward, not backward. 

(Kukuh Pujianto) 

 

Success is not just about smart people. But about people who want. Want to learn, 

want to process, and don't forget to pray. 

(Author) 
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BAB I 

PRELIMINARY 

 

A. Background of the problem 

Learning progression has an important function, especially in the world 

of education. Learning progression serves as the basis of scientific 

communication between science education researchers, standard document 

developers, assessment developers, and curriculum developers(Jin & 

Anderson, 2012). Learning progression can serve as a reference for 

curriculum alignment, implementation of the teaching process, and 

assessment (Duncan & Hmelo-Silver, (2009); Wilson (2009); Wilson, 

Bertenthal, & National Research Council, (2005). Learning progression has 

also been used to explore big ideas in a scientific discipline(Wang, Ho, & 

Cheng, 2015). Learning progression can be used as a means to give students 

the opportunity to develop understanding so that they have a more complex 

level of thinking about certain concepts(Neumann, Viering, Boone, & 

Fischer, 2012).  

Changes in students' cognition that describe how to think are said to be 

more complex if students are able to use a concept to understand the real 

world or phenomena in everyday life (Jin & Anderson, 2012). A concept that 

is taught to students when students take basic education will develop into 

more complex knowledge when students enter secondary education. 

Continuity of learning progression at every level of education is important to 

support the development of a more complex level of student understanding. 

Continuity of learning progression that is not present at every level of student 

education can indicate learning at school is not well organized and students 

are not yet able to understand a complex concept. 

Research on learning progression is mostly carried out, especially abroad. 

Biological research related to learning progression includes researchJin & 

Anderson (2012) which examines learning progression about the concept of 

energy in the carbon transformation process in socio-ecological systems; 



 

 

Campos & Sá-pinto (2013) about learning progression on the concept of 

evolution; Duncan, Castro-faix, & Choi (2014) about learning progression on 

the concept of genetics; Furtak, Morrison, & Kroog (2014) about learning 

progression on the concept of natural selection; and  Suzuki, Yamaguchi, & 

Hokayem (2015) about learning progression on the concept of ecosystem.  

Research related to learning progression in Indonesia  was rare. Research 

on learning progression in Indonesia is still around the topics of physics, 

chemistry and mathematics (Surya, 2011). Learning progression research in 

biology is not yet available in Indonesia, especially for the use of the concept 

of energy in the carbon transformation process in the socio-ecological system. 

Basic competencies that must be mastered by students regarding the 

concept of energy in the carbon transformation process in the socio-

ecological system which refers to the Annex to the Regulation of the Minister 

of Education and Culture Number 24 of 2018 (Ministry of Education and 

Culture RI, 2018b) very different from basic competence on Next Generation 

Science Standard (2013) and the National Research Council Framework 

(2011). Basic competence which refers to Next Generation Science Standard 

(2013) and the National Research Council Framework (2011) presents a 

systematic sequence of competencies, whereas the Annex to the Regulation of 

the Minister of Education and Culture Number 24 of 2018 does not present a 

systematic sequence of competences, allowing the repetition of material 

concepts from one level of education to the next. Comparison of the order of 

basic competencies related to the energy concepts contained inNext 

Generation Science Standard (2013) referring to the National Research 

Council Framework document (2011) and the Annex to the Regulation of the 

Minister of Education and Culture Number 24 of 2018 can be seen in Figure 

1.1 and Figure 1.2. 



 

 

 

 

 

 

 

Figure 1.1 The sequence of KD related to the Concept of Energy in the 

Carbon Transformation Process in the Socio-Ecological 

System Referring to the NRC Framework (2011) 

(Source: Next Generation Science Standard, 2013) 

 

 

The concept of energy in the carbon transformation process in socio-

ecological systems includes various aspects of matter. The scope of topic 

according to the National Research Council Framework (2011) in Jin & 

Anderson (2012) among others, about how the process of making organic 

carbon through photosynthesis, converting organic carbon through digestion 



 

 

and biosynthesis, as well as the oxidation of organic carbon through the 

process of cellular respiration and combustion. 

 

 

Figure 1.2 Basic competencies related to the Concept of Energy Refer to 

the Attachment to the Regulation of the Minister of 

Education and Culture Number 24 of 2018 

(Source: Ministry of Education and Culture RI, 2018)  
 

The concept of energy in carbon transformation in the socio-ecological 

system has been taught in Indonesia from primary to high school levels. 

Topics related to the concept of energy in the process of carbon 

transformation in the socio-ecological system at the basic education level, 

especially in grade IV, are about energy and its changes which include energy 

material for photosistesis. It can be seen that the photosynthetic process 

material does not specifically discuss the carbon change process that occurs. 

There is a repetition of the concept from elementary to junior high school 

level, where students are required to analyze the concept of energy, various 

sources of energy, and changes in the form of energy in everyday life, 

including photosynthesis.(Ministry of Education and Culture, 2018).  

Related concepts are also taught at the senior secondary level in the 2013 

revised edition of biology book class X about the interaction of ecosystem 

components which should include the concept of using carbon in 

photosynthetic reactions that involve biotic and abiotic factors in the 

KD repetition that 

triggers repetition of 

material concepts 



 

 

ecosystem. But in fact the material listed in most of the Class X High School 

Biology books does not discuss in detail the concept. 

Basic competence in class XI should also include mastering the concept 

of energy in the carbon transformation process in socio-ecological systems. In 

fact, the competencies that must be mastered by students do not lead to 

mastery of the concept concerned. For example, about the digestive system, it 

should discuss the process of converting food into simple molecules that 

involves catabolic reactions which include the process of converting organic 

carbon. Other was the organic carbon oxidation process through respiration 

and cellular combustion. However, the material conveyed regarding the 

carbon transformation process is still very few and not specific. Class XII 

also learns little about the influence of external factors on the growth of living 

things related to the conversion of organic carbon through biosynthesis. 

There is still no continuity of the concept of energy in the process of 

carbon transformation in the socio-ecological system at every level of 

education in Indonesia, seen from the presentation of material at each level 

that is not specific to the concept that should be taught. The continuity of the 

concept at each level that does not yet exist allows students not to be able to 

build basic concepts and understand the concept of energy in the carbon 

transformation process in a complex socio-ecological system. Research on 

learning progression, especially the concept of energy in the process of 

carbon transformation in socio-ecological systems, needs to be done to 

determine the extent of the conceptual reasoning for students, especially high 

school students. Based on the background that has been described, this study 

is entitled "Analysis of the Profile of Students' Understanding Based on 

Learning Progression about The Concept of Energy in the Carbon 

Transformation Process in the Socio-Ecological System " 

 

B. Identification of problems 

Based on the research background, the problems that can be identified 

include: 



 

 

1. The sustainability of the concept of energy in the process of carbon 

transformation in the socio-ecological system taught in Indonesia still 

needs to be improved. 

2. There is no research related to the profile of learning progression in 

Indonesia, especially on the concept of energy in the carbon 

transformation process in the socio-ecological system. 

 

C. Restricting the problem 

Based on the identification of the problem, the problem restrictions in this 

study are: 

1. The students studied were students of class X to XII IPA SMA Negeri 1 

Teras Boyolali. 

2. The research method used in this study is the ex post facto method based 

on class level and gender. 

3. The understanding profile of grade X to XII students based on learning 

progression related to the concept of energy in the carbon transformation 

process was measured using a written test instrument type checkboxes 

question. 

 

D. Formulation of the problem 

Based on problem identification and problem boundaries, the problem 

formulations in this study are: 

What is the profile of understanding grade X to XII IPA students of SMA 

Negeri 1 Teras Boyolali based on learning progression towards the concept of 

energy in the carbon transformation process in the socio-ecological system? 

 

E. Research purposes 

Based on the formulation of the research problem, the objectives of this 

study are: 

To find out the profile of the understanding of grade X to XII IPA students of 

SMA Negeri 1 Teras Boyolali based on the learning progression towards the 



 

 

concept of energy in the carbon transformation process in the socio-

ecological system. 

 

F. Benefits of research 

Based on the research conducted, the researcher hopes to provide the 

following benefits: 

1. Theoretical Benefits 

The research carried out is expected to add insight and knowledge related 

to the progression learning of the concept of energy in the carbon 

transformation process in the socio-ecological system which can later be 

used as a reference for further research.  

2. Practical Benefits 

a. Benefits for Teachers 

The research carried out is expected to be used as a basis for creating 

learning activities that are able to encourage the level of student 

learning progression, especially on the concept of energy in the carbon 

transformation process in the socio-ecological system. 

b. Benefits for Students 

The research carried out is expected to increase the level of student 

learning progression, especially on the concept of energy in the carbon 

transformation process in the socio-ecological system. 

c. Benefits for Researchers 

The research carried out is expected to broaden researchers' insights 

about learning progression and as a forum for developing thinking for 

researchers. 

 

  



 

 

CHAPTER II 

LITERATURE REVIEW 

 

A. Theoritical review 

 

1. Learning Progression 

Learning progression was introduced in the United States on the 

background of concerns related to the quality of science education which 

shows the achievement gap between students in the United States and 

other developed countries. This background is the basis for the 

government, scientists, and people involved in the world of education to 

have a desire to improve the quality of education with the initial step of 

examining student learning progressions related to science learning 

(National Research Council, 2007). 

LP is an understanding of a topic or concept so that it makes the way 

of thinking more complex (National Research Council, 2007). Learning 

progression can be described as a sequence of ideas or concepts that are 

learned effectively so that it describes a more complex way of thinking 

over time.(Herrmann-abell & Deboer, 2017). Learning progression shows 

a more detailed understanding of students in building a more complex 

concept(Duncan, Rogat, & Yarden, 2009).  

LP can provide opportunities for students to develop understanding 

and a more complex level of thinking (Neumann et al., 2012). LP provide 

an overview of how students think in complex ways to understand 

phenomena in everyday life using the concepts they have built over time 

through the learning process.(Jin & Anderson, 2012). LP can serve as a 

reference for designing curriculum alignment and planning the 

implementation of the teaching and assessment process(Duncan & 

Hmelo-Silver (2009); Wilson (2009); Wilson et al., (2005). 

LP is a proof of how the process of students understands the basic 

concepts of a complex science from time to time through the appropriate 



 

 

learning process (Corcoran, Mosher, & Rogat, 2009). LP is a conjecture 

or hypothesis that must be monitored and corrected from time to time so 

that research related to learning progression is longitudinal or 

continuous.(Todd & Romine, 2016). 

 

2. Energy Concept in Carbon Transformation Process in Socio-

Ecological System 

The concept according to Aristotle in Hjørland (2009) is a summary 

which is a representation of some complex material in a particular field of 

study. The concept is a design that is used as a basis for thinking about 

complex matters in a particular topic(Hjørland, 2009).  

The main concepts about energy refer to the NRC’s Framework for 

K-12 Science Education (2011) document in(Jin & Anderson, 2012)there 

are three. The first concept, namely changes in energy and matter in a 

system can be described in the context that both flow from, to, and within 

the system. The second concept, namely energy cannot be created or 

destroyed (energy only moves between one place and another, between 

objects and / or fields, or between systems). The third concept, namely 

energy drives the cycle of matter within and between systems. 

The concept of energy in the carbon transformation process in socio-

ecological systems includes various aspects of matter. The scope for the 

energy concept of carbon transformation in socio-ecological systems 

according to Jin & Anderson (2012) focus on 1) how the process of 

making organic carbon through photosynthesis, 2) converting organic 

carbon through digestion and biosynthesis, and 3) oxidation of organic 

carbon through the process of respiration and cellular metabolisms. 

There are three basic elements in the concept of energy in the carbon 

transformation process in the socio-ecological system which is used as a 

comparison of the level of learning progression related to student 

responses used in research. (Jin & Anderson, 2012), that is: 

a. Purpose of Energy 



 

 

In general, only students with learning progression at level 4 are 

able to use energy as a tool to analyze an event that is presented 

and apply the law of conservation of energy consistently. 

Students with learning progression level 3 believe that events 

related to the carbon transformation process involve the law of 

conservation of energy, but they have not been able to explain 

the application of this law. Students with levels 1 and 2 LPs only 

focus on the causal goal of how energy makes an event happen. 

b. Association 

The association element is an element that shows the student's 

point of view regarding matter or matter, forms of energy, and 

the same or different processes in the events presented, 

especially the carbon transformation process.  

1. Materials or Materials 

Students who have learning progression level 4 are able to 

distinguish between the characteristics of materials or organic 

and inorganic materials and know that organic materials have 

more chemical energy consistently. Students at the lower 

level learning progression only focus on the characteristics of 

other materials, for example, whether the material is part of a 

living organism or not and whether the material is important 

for life or not. 

2. Forms of energy 

The form of energy discussed is related to what forms of 

energy are involved in the carbon transformation process. 

Students who have learning progression at level 4 can 

determine the form of energy in a scientific context (eg heat, 

light, motion, chemical energy). Lower level students tend to 

associate energy forms with life and other aspects. 

3. Process comparison 



 

 

Process comparisons include how several events have the 

same or different processes. Only students who have learning 

progression at level 4 can see the relationship between 

processes that involve similar energy transformations, for 

example seeing the similarities between a girl running, a car 

running, or the process of decay because they all involve the 

release of chemical energy through the oxidation of organic 

matter. Lower level students perceive these events to be very 

different and describe other such processes as those 

associated with living organisms in the same terms. 

c. Tracing 

The tracing aspect describes how students identify what changes 

and what remains in a process, especially in the carbon 

transformation process and uses fixed forms (eg matter / 

material, energy, organisms) as a key element in their 

explanation. Students with learning progression at level 4 

understand that matter and energy will survive a process as a 

result of the law of conservation of energy and processes are 

temporary because they understand that energy is conserved so 

they use energy as a tool to analyze. Lower level students' 

understanding will describe actors (eg animals and plants) as 

lasting and the energy that drives a process is temporary (for 

example, it runs out after the process is complete). 

A framework for tracing energy and matter in the carbon 

transformation process can be seen in Figure 2.1. 



 

 

 

Figure 2.1 Tracing energy and matter in the transformation process 

      carbon.  

      (Source:Jin & Anderson, 2012) 

 

The concept of energy in the carbon transformation process in the 

socio-ecological system contained in the 2013 curriculum in Indonesia is 

actually not much different from the concept of energy in the framework 

by NRC. However, the explanation of the material related to the aspects 

of the concept is very few and not specific, for example in the Integrated 

Thematic Book 2013 Curriculum Theme 7 for basic education on "Energy 

and Change". The book contains a limited definition of energy as 

something that is needed by humans to carry out daily life, regarding 

energy sources and changes in material / material forms that use the form 

of energy in a process but does not discuss in more detail how energy 

forms when a process has ended (Ministry of Education and Culture of 

the Republic of Indonesia, 2015). 



 

 

The concept of energy in the process of carbon transformation in the 

socio-ecological system at the junior secondary education level is found 

in "Chapter 6 Energy and Its Change" which is listed in the book Natural 

Sciences Curriculum for Class VII Semester 1. The order of material 

presentation in this chapter is the concept energy and energy sources, 

energy transformation, cellular metabolism, respiration, and digestion 

(Ministry of Education and Culture of the Republic of Indonesia, 2017). 

The definition of energy listed in the book Natural Sciences 

Curriculum 2013 for Class VII Semester 1 is the ability to do work or 

make a change. The energy transformation sub-matter includes the energy 

transformation material by chlorophyll and the energy transformation by 

mitochondria. The sub-material of cell metabolism includes 1) the notion 

of metabolism as a chemical process that occurs in the body's cells of 

living things; 2) photosynthesis as a process of converting light energy 

into chemical energy in the form of glucose; 3) respiration as a process of 

liberating energy stored in energy source substances through a chemical 

process. Digestive sub-material includes digestive organic carbon 

metabolic materials which include carbohydrates, proteins, and fats in the 

body of living things. 

Concepts related to energy at the senior secondary level, one of 

which is listed in class X semester 2 in the Ecosystem Chapter with 

energy flow sub-material (PPG SM3-T FKIP Biology Student Team, 

2015). This material is related to how the energy flow is used by the 

components making up the ecosystem. An example of an energy flow 

chart can be seen in Figure 2. 



 

 

 

Figure 2.2. Energy Flow in the Components of an 

Ecosystem 

(Source:https: //www.biosmada. 

online / 2012/03 / energy-transfer.html) 

 

3. Level Learning Progression Related to Energy Concepts in Carbon 

Transformation Processes in Socio-Ecological Systems 

Research conducted by Jin & Anderson (2012) classifying the level 

of student learning progression into four levels. Each level has different 

characteristics. A general description of each student level learning 

progression related to the concept of energy in the carbon transformation 

process in the socio-ecological system according to research conducted by 

Jin & Anderson (2012) can be seen in Appendix 3. 

 

B. Framework of thinking 

 

LP has an important role in science learning, especially related to biology 

material. Learning progression is used to describe the profile of understanding 

concepts in sequence related to a topic from basic to complex within a certain 

time(Herrmann-abell & Deboer, 2017). LP related to the biology is not yet 

https://www.biosmada/


 

 

available in Indonesia. The continuity of the concepts taught at each grade 

level at the education level is still incoherrent, so that the same concept often 

repeats at the junior secondary and senior secondary education levels. 

Research using a written test instrument type checkboxes question needs 

to be done to determine the profile of the high school students’ learning 

progression. The instrument used also needs to be tested related to the level of 

instrument validation that refers to the learning progression written test 

instrumentJin & Anderson (2012) whether or not it can be adopted for use in 

Indonesia.  

The profile of students’ conceptual understanding about energy in the 

carbon transformation can help optimize students' conceptual understanding 

by improving the sequence of concepts taught to students through the learning 

process. The hope for the teacher after knowing the student's learning 

progression profile is that the teacher can plan a more contextual learning 

process to make students understand the concept and be able to reach the 

level of understanding that should be so that students can use the concept to 

understand natural phenomena or events in everyday life.  



 

 

CHAPTER III 

RESEARCH METHODS 

 

A. Place and time of research 

1. Research Place 

This research was conducted at SMA Negeri 1 Teras Boyolali which 

is located at Jalan Raya Sudimoro Randusari KM.2, Teras District, 

Boyolali Regency, Central Java 57372. 

2. Research timeline 

This research was conducted in the even semester of the 2019/2020 

academic year with the research procedure divided into 3 stages, namely 

the preparation stage, the implementation stage, and the data processing 

and reporting stage. The preparatory stage starts from September to 

January. The implementation stage is carried out in January and February. 

The processing and reporting stage is carried out from March to June. The 

research time design can be seen in Figure 3.1. 

 

Figure 3.1 Design Time Research 

 



 

 

B. Research design 

This research is a non-experimental quantitative research using the ex-

post facto method. This study aims to determine the profile of student 

learning progressions related to the concept of energy in the carbon 

transformation process in a socio-ecological system using learning 

progression instruments adopted fromJin & Anderson (2012). The data 

obtained were analyzed descriptively qualitatively to determine the level of 

student learning progression. After that, the data were analyzed using the 

Rasch Model Analysis application using Winsteps version 3.73 to determine 

the quality of the item analysis and student responses at each level based on 

class level and gender, as well as a profile of student understanding based on 

learning progressions related to the concept of energy in carbon 

transformation processes in socio-ecological systems. 

 

C. Population and Sample 

The population used in this study were all students of SMA Negeri 1 

Teras Boyolali. The sample used for the study were several students of class 

X to XII IPA SMA Negeri 1 Teras Boyolali with a minimum number as 

calculated below: 

The total population is 432 students, consists of 4 classes with a total of 

36 students in each class. The entire population is rounded up and then looks 

for the minimum number of samples that must be fulfilled as research 

subjects by looking at the tables of Issac and Michael (Figure 3.2) at an error 

level of 10% in order to obtain a minimum sample size of 168 students. The 

use of an error rate of 10% is based on the type of research which is non-

laboratory research. 



 

 

 

Figure 3.2 Determination of the Number of 

Samples with an Error Rate of 1%, 

5%, and 10%. 

(Source:https://www.spssstatistik.com/c

ara-determine-sample-amount) 

 

D. Sampling technique 

Sampling technique or sampling is a technique used to obtain research 

samples according to certain criteria. The sampling technique used in this 

study was multiple random sampling which included stratified random 

sampling and purposive random sampling. 

The stratified random sampling technique is a sampling technique by 

making levels or classes in the population while the purposive random 

sampling is a sampling technique in which the sample is selected based on a 

specific objective. (Arieska & Herdiani, 2018).  

Based on the calculation results in the table of Issac and Michael (Table 

3.2) the minimum number of samples that must be taken in the study, namely 

168 students. First, the sample was obtained using a stratified random 

https://www.spssstatistik.com/cara-menentukan-jumlah-sampel-penelitian/
https://www.spssstatistik.com/cara-menentukan-jumlah-sampel-penelitian/


 

 

sampling technique (56 students). The sample at each level was determined 

using a purposive random sampling technique where the research sample had 

to include both male and female students in order to obtain a total sample of 

28 male students and 28 female students at each grade level. The sampling 

chart can be seen in Figure 3.3. 

 

 

Figure 3.3 Research Sampling Chart 

 

E. Data collection technique 

The data collection technique used in this study was to use the written 

test method type checkboxes with 10 question items to determine the level of 

student learning progression related to the concept of energy in the carbon 

transformation process in the socio-ecological system. 

 

F. Research Instrument Validation Techniques 

Validity according to Azwar (1987) inMatondang (2009)is a 

measurement that aims to find out how much the accuracy of the instrument 

to measure what should be measured. The research instrument has been 

validated by previous researchers with the deduction method in project 

meetings involving experts in the field of learning progression. 

Empirical validation was also carried out on research instruments. 

Empirical validity is obtained from the results of testing the instrument to the 



 

 

respondent which is equivalent to the respondent who will be the object of 

research (Matondang, 2009). 

Testing the validity of the items in this study in terms of the level of 

accuracy and accuracy of the items were then analyzed using the Winsteps 

version 3.73 application with the Rasch Model. Testing the quality of the 

items carried out in addition to the validity test includes testing the reliability, 

difference power, and the level of difficulty of the items. 

 

G. Data analysis technique 

The data analysis technique used in this research is descriptive 

qualitative. The data obtained were analyzed descriptively qualitatively to 

determine the level of student learning progression. To find out the profile of 

students' understanding and student responses to the tests given, a response 

analysis was carried out using the Rasch model using the Winsteps version 

3.73 application. 

 

 

H. Research procedure 

The first step the researcher took was compiling a test instrument. The 

test instrument used was a written test instrument adopted fromJin & 

Anderson (2012). The written test used is a type of checkbox question with 

the answer choices in the form of "yes" or "no" on each item along with the 

student's reason column for the selected answer. 

The second stage, namely obtaining a research permit. The third stage is 

to try out research instruments to high school students. The fourth stage was 

to trial-test the instrument. The fifth stage is to process data or analyze data 

obtained from the test results of the test instruments to determine the quality 

of the instrument so that it can be seen whether or not the instrument is 

applied in research in Indonesia, and is used to check the profile of students’ 

understanding the concept of energy in the carbon transformation process in 

socio-ecological systems. 



 

 

CHAPTER IV 

RESEARCH RESULTS AND DISCUSSION 

 

A. RESEARCH RESULT 

1. Instrument Quality 

a. Validity of Question Items 

Table 4.1 Analysis of Item Validity with the Rasch Model 

Item 

Questions 
1 2 3 4 5ABC 5D 5E 6 7 8 9 10 

MNSQ 

value 
0.66  0.67 1.53 0.47 1.02 2.35 2.12 0.74 0.40 0.40 0.61 1.06 

ZSTD 

value 
-3.5 -3.4 4,3 -5.8 0.3 8.8 7.5 -2.6 -6.8 -6.9 -3.9 0.5 

Pt 

Measure 

Corr. 

0.41 0.43 0.47 0.59 0.51 0.74 0.67 0.35 0.41 0.52 0.50 0.56 

Ket. Valid Valid Valid Valid Valid Valid Valid Valid Valid Valid Valid Valid 

Score 

SE model 
0.12 0.12 0.12 0.13 0.12 0.13 0.13 0.12 0.13 0.13 0.13 0.13 

Ket. Valid Valid Valid Valid Valid Valid Valid Valid Valid Valid Valid Valid 

 

The validity of the items tested on 168 students were analyzed for 

their validity using the Rasch Model Analysis. The validity value is 

viewed in terms of the accuracy of the questions and the accuracy of the 

items. The criteria for the validity value in terms of the accuracy of the 

questions used include the Outfit Mean Square (MNSQ) value, the Z-

standard value (ZSTD), and the Point Measure Correlation (Pt. Measure 

Corr) value with logit units. The criterion for the validity value in terms of 

item accuracy is the logit value of the Standard Error (SE) Model. Based 

on Table 4.1, the results of the item validity test show that all items are 

classified as valid. 

 

b. Reliability of Question Items 

Table 4.2 Question Item Reliability Analysis with the Rasch Model 

Information 
Alpha Cronbach 

(KR-20) 

Item 

Reliability 

Person 

Reliability 

Score 0.74 0.94 0.70 

Category Very nice Very good Enough 

 



 

 

Testing the reliability of the test instrument was carried out in 

conjunction with validity testing. Based on Table 4.2, the results of the test 

instrument reliability test using the Rasch Model Analysis show that the 

instrument used is reliable. The instrument reliability value is known to be 

0.94 with a very good category. In addition, the value of person reliability 

is 0.70, which means that the consistency of the students' answers as a 

whole is quite sufficient. The Cronbach Alpha value shows the interaction 

between the person and the items as a whole is quite sufficient with a value 

of 0.74. 

 

c. Problem Item Difficulty Level 

Table 4.3 Analysis of Problem Item Difficulty Level with the Rasch 

Model 

Question 

Number 
Measure value (logit) Category 

1 -0.55  Easy 

2 -0.39  Easy 

3 -0.73  Easy 

4 0.28  Difficult 

5ABC -0.69  Easy 

5D 0.12  Difficult 

5E 0.68  Difficult 

6 -0.79  Easy 

7 0.94  Difficult 

8 0.61  Difficult 

9 0.36  Difficult 

10 0.13 Difficult 
 

Based on Table 4.3, the results of the test item difficulty level using 

the Rasch Model Analysis show that the test instrument is divided into 2 

categories, namely easy and difficult questions. Items in the easy category 

are items 1, 2, 3, 5ABC, and 6. Items in the difficult category are items 

number 4, 5D, 5E, 7, 8, 9, and 10. 

 

 



 

 

 

d. Distinction of Question Items 

The results of the test item difference using the Rasch Model 

Analysis are shown by the value of separation which can be seen in Table 

4.4. 

 

Table 4.4 Analysis of the Differentiation of Item Items with the Rasch 

Model 

 

 

 

The value of the test instrument separation consists of 2 value 

specifications, namely person separation and item separation. The value of 

person separation is known to be 1.52 with the weak category, while the 

value of item separation is known to be 4.00 with the good category. 

 

2. Test Results 

a. Student Response Pattern 

Table 4.5 Analysis of Student Response Patterns 

Number 
Response 

Pattern Person 

Of 

Person 
Person *) 

 63+222224222242 06311L 

 77 +232234221331 07711L 

 15 +343223031231 01510L 

 62 +212324321231 06211L 

 110 +232223222222 11011P 



 

 

 57 +222223322131 05711L 

 67 +122223222232 06711L 

 100+222223322212 10011P 

 61 +222223122132 06111L 

 

(continued Table 4.5) 
Number 

Of 

Person 

Response 

Pattern 

Person *) 

Person 

 91+222221122211 09111P 

 99+222221122211 09911P 

 14 +232111111111 01410L 

 21+212221111111 02110L 

 120+222211111111 12012L 

 109+222220111101 10911P 

 113 +212111111121 11312L 

 114 +212211111111 11412L 

 122+232111111101 12212L 

 124 +122121111111 12412L 

 127 +132111111111 12712L 

 128+122221111101 12812L 

 138+222111111111 13812L 

 150+222111111111 15012P 

 84+212111111111 08411L 

 88+212111111111 08811P 

 149+212111111111 14912P 

 152 +202110231101 15212P 

 154+221111111111 15412P 

 23+112111111111 02310L 

 26+112111111111 02610L 

 41 +222110111101 04110P 

 43+202111111111 04310P 

 56 +220110311101 05610P 

 115+212110111111 11512L 

 136+112111111111 13612L 

 140+112111111111 14012L 

 32+202111111101 03210P 

 131+111110111101 13112L 

 159 +220120011100 15912P 

 18+111110111001 01810L 

 ...    ...    ... 

 46 +100110011101 04610P 

Note *): From the easiest to the most difficult 

items, namely S6, S3, S5ABC, S1, S2, S5D, S10, 

S4, S9, S8, S5E, S7. 

 

Table 4.5 shows the response patterns / answers of several students 

from the easiest to the most difficult items. The order of the easiest to the 



 

 

most difficult items, namely the items number 6, 3, 5ABC, 1, 2, 5D, 10, 4, 

9, 8, 5E, and 7 with the logit value in the measure column which can be 

seen in Appendix 8. all students in full can be seen in Appendix 10. 

Based on Table 4.5, the pattern of student responses using the 

Rasch Model Analysis can be found to be quite consistent. This means that 

students have a pattern of answers, namely easy questions to get high 

scores and difficult questions to get low scores. Students who have the 

most consistent response patterns can be shown by the green highlight in 

Table 4.5. However, some students were also detected as having 

inconsistent response patterns and indicated that they were cheating in the 

form of mutual cheating. Students indicated to have cheated can be seen in 

Table 4.5 with a yellow highlight. 

In addition to consistent response patterns and indications of 

students cheating on each other, Table 4.5 can also show some students 

who were indicated to be less thorough in working on the questions. These 

students can be seen in Table 4.5 with blue highlights. Students with gray 

highlights in Table 4.5 are students who show a unique response pattern 

because these students are able to get maximum scores on questions with 

the difficult category but do not get maximum scores on questions with the 

easy category. 

 

b. Percentage of Students Per Level 

 

Table 4.6 Percentage of Students at Each Level 

 

Question 

Number 
Level 

Percentage of Students *) 

X XI XII 

Problem 1 

Level 0 0% 0% 0% 

Level 1 48% 30% 45% 

Level 2 50% 64% 55% 

Level 3 2% 5% 0% 

Level 4 0% 0% 0% 

Problem 2 

Level 0 0% 0% 0% 

Level 1 63% 23% 57% 

Level 2 32% 75% 43% 

Level 3 5% 2% 0% 

Level 4 0% 0% 0% 



 

 

Question 

Number 
Level 

Percentage of Students *) 

X XI XII 

Problem 3 

Level 0 21% 0% 2% 

Level 1 38% 25% 48% 

Level 2 20% 48% 38% 

Level 3 20% 25% 13% 

Level 4 2% 2% 0% 

Problem 4 

Level 0 2% 0% 2% 

Level 1 88% 38% 91% 

Level 2 5% 61% 5% 

Level 3 5% 2% 2% 

Level 4 0% 0% 0% 

Problem 5ABC 

Level 0 20% 4% 18% 

Level 1 4% 2% 13% 

Level 2 75% 95% 70% 

Level 3 2% 0% 0% 

Level 4 0% 0% 0% 

Problem 5D 

Level 0 45% 11% 30% 

Level 1 36% 32% 48% 

Level 2 4% 9% 0% 

Level 3 16% 43% 21% 

Level 4 0% 5% 0% 

Problem 5E 

Level 0 43% 11% 39% 

Level 1 29% 57% 43% 

Level 2 7% 13% 4% 

Level 3 21% 18% 14% 

Level 4 0% 2% 0% 

Problem 6 

Level 0 5% 0% 0% 

Level 1 32% 21% 29% 

Level 2 59% 77% 70% 

Level 3 4% 2% 2% 

Level 4 0% 0% 0% 

Problem 7 

Level 0 9% 0% 4% 

Level 1 88% 75% 96% 

Level 2 4% 25% 0% 

Level 3 0% 0% 0% 

Level 4 0% 0% 0% 

Problem 8 

Level 0 4% 0% 0% 

Level 1 93% 55% 100% 

Level 2 2% 41% 0% 

Level 3 2% 4% 0% 

Level 4 0% 0% 0% 

Problem 9 

Level 0 7% 0% 0% 

Level 1 82% 38% 100% 

Level 2 2% 61% 0% 

Level 3 9% 2% 0% 

Level 4 0% 0% 0% 

Problem 10 

Level 0 20% 0% 7% 

Level 1 46% 45% 84% 

Level 2 21% 41% 7% 

Level 3 13% 14% 2% 

Level 4 0% 0% 0% 

Note *): The percentage of the number of students who answered at the x-level = The 

number of class a students who answered the questions at the x-level divided by the 

total number of students in class a multiplied by 100 

 



 

 

Table 4.6 shows the percentage of the number of respondents / 

students at each level from number 1 to 10. The number of respondents in 

this study were 168 students divided into class X, XI, and XII with the 

number at each class level, namely 56 students.  

Based on Table 4.6, it can be seen that the highest percentage of 

question number 1 is at level 2, namely 50% students for class X, 64% 

students for class XI, and 55% students for class XII. The highest 

percentage for question number 2 is at level 1 for class X (63%) and XII 

(57%) students, while the highest percentage for grade XI students (75%) 

is at level 2. Question number 3 also shows the highest percentage at the 

level. 1 for class X (38%) and XII (48%) students, while the highest 

percentage for class XI students (48%) is at level 2. Question number 4 

shows that the highest percentage is at level 1 for class X students (88%) 

and XII (91%), while the highest percentage for class XI students (61%) is 

at level 2. Question number 5ABC shows that the highest percentage of all 

classes is at level 2, namely class X as much as 75%, class XI as much as 

95%, and class XII as much as 70%. Problem number 5D shows that the 

highest percentage of class X is at level 0, which is 45%, class XI is at 

level 3 with a percentage of 43%, and class XII is at level 1 with a 

percentage of 48%. Problem number 5E shows that the highest percentage 

of class X students is at level 0 (43%) while class XI and class XII are at 

level 1 with the percentage of 57% and 43%, respectively. 

Question number 6 shows that the highest percentage of class X, XI 

and XII is at level 2 with the number of respectively 59%, 77%, and 70%. 

Question number 7 shows that the highest percentage of all class levels is 

at level 1 with a successive number of 88%, 75%, and 96%. Problem 

number 8 also shows that the highest percentage of all class levels is at 

level 1 with the percentage for class X at 93%, class XI at 55%, and class 

XII at 100%. Question number 9 shows that the highest percentage is at 

level 1 for class X (82%) and XII (100%) students, while the highest 

percentage for class XI students (61%) is at level 2. Question number 10 



 

 

shows that the highest percentage of all levels class is at level 1 with the 

percentages respectively from class X to class XII, namely 46%, 45%, and 

84%. 

 

c. Comparison of the Ability of Students for Each Question by Grade  

The comparison of students' abilities in answering each question 

based on class level is shown in Table 4.7. The student's ability is 

indicated by the ability value at each class level in each item with logit 

units. The greater the ability number, the higher the student's ability to 

work on the questions. 

 

Table 4.7 Analysis of DIF Measure Based on Grade 

Question 

Items 

Person DIF CLASS (logit) 

10 11 12 Mean 

S1 -0.74 -0.13 -0.82 -0.55 

S2 -0.48 -0.21 -0.51 -0.39 

S3 -0.48 -0.76 -0.94 -0.73 

S4 0.28 0.12 0.48 0.28 

S5ABC -0.87 -0.49 -0.73 -0.69 

S5D 0.99 -0.68 0.32 0.12 

S5E 0.5 0.64 0.93 0.68 

S6 -0.92 -0.25 -1.23 -0.79 

S7 0.88 1.11 0.81 0.94 

S8 0.66 0.5 0.7 0.61 

S9 0.36 0.12 0.7 0.36 

S10 -0.06 -0.01 0.59 0.15 

 

Based on Table 4.7, it can be seen that the students' ability scores 

for grades X, XI, and XII are different. Class XII students are not always 

better able to work on questions than grades X and XI. Vice versa, class X 

is not always less able to do the questions than class XI and XII. Curves of 

differences in students' abilities in working on each questionbased on class 

level can be seen in Figure 4.1. 



 

 

 

Figure 4.1 Student Ability Curves Based on Grade 

 

Based on Figure 4.1, it can be seen that the ability of students for 

each grade level is different. Class X students are superior in working on 

item number 3 and 5D. Class XI students are superior in working on item 

numbers 1, 2, 5ABC, 6, and 7. Students in class XII are superior in 

working on items number 4, 5E, 8, 9, and 10. 

 

d. Comparison of the Ability of Students for Each Question Based on 

Gender 

 

Table 4.8 DIF Measure Analysis based on Gender 

Question 

Items 

Person DIF CLASS 

L P Mean 

S1 -0.48 -0.61 -0.55 

S2 -0.16 -0.61 -0.39 

S3 -0.87 -0.59 -0.73 

S4 0.24 0.32 0.28 

S5ABC -0.79 -0.59 -0.69 

S5D -0.13 0.39 0.12 

S5E 0.31 1.08 0.68 

S6 -0.51 -1.06 -0.79 

S7 0.87 1.01 0.94 

S8 0.67 0.56 0.61 

S9 0.47 0.26 0.36 

S10 0.37 -0.06 0.15 

 

Table 4.8 shows the comparison of students' abilities in answering 

each question based on gender. The male gender is indicated by the L code 

while the female sex is indicated by the P code. 



 

 

The ability of students is indicated by the value of the ability for 

each gender in each item in logit units. The greater the ability number, the 

higher the student's ability to work on the questions. 

Based on Table 4.8, it can be seen that the ability scores of male 

and female students vary on each item. Male students were not always 

better able to do the problems than female students. Vice versa, female 

students are not always less able to do questions than male students. 

Curves of differences in students' abilities in working on each 

questionbased on gender can be seen in Figure 4.2. 

 

 

Figure 4.2 Student Ability Curves Based on Gender 

 

Based on Figure 4.2, it can be seen that the ability of male and 

female students is different for each question. Male students were 

superior in working on item numbers 1, 2, 6, 8, 9, and 10. Class XI 

students were superior in working on item numbers 3, 4, 5CBC, 5D, 5E, 

and 7. 

 

B. DISCUSSION 

1. Instrument Quality 

a. Validity of Question Items 

The validity of an instrument can be seen through several aspects 

of evidence. According to Sumintono & Widhiarso (2015a), the 

instrument is said to be valid if it has gone through several continuous 

proving processes. This proving process is useful for providing a 



 

 

scientific basis for the interpretation of test scores. Validity focuses more 

on the interpretation of the test score than on the form or type of test 

itself. 

One research association in the field of education and psychology 

in America uses some collection of evidence to determine whether a test 

instrument is valid. According to Newton & Shaw (2014) Some evidence 

that can be used to demonstrate the validity of tests based on the 

American Educational Research Association (AERA) and the American 

Psychological Association (APA) includes evidence based on test content, 

evidence based on response processes, and evidence based on internal 

structures. 

Content-based evidence concerns the relationship between the test 

content and the constructs measured (Sumintono & Widhiarso, 2015a). 

Materials that can be evidence for validity based on the content of the test 

can be obtained through the agreement of experts / experts in their 

respective fields (for example, the domain of the test content, the 

theoretical basis used, the grid, the items, and the language used) and the 

opinions of students say that they can understand well all the statements 

on the test item or item on the test. 

The instruments used in this study were adopted from Jin & 

Anderson (2012), so that it has gone through an analysis process 

involving various experts in the field of learning progression in terms of 

the test content domain, the theoretical basis used, the grid, and the items. 

Evidence regarding students' opinions about their understanding of the 

statements in the question items on the instruments used in this study can 

be seen in Appendix 5. Item items that contain statements that are 

difficult to understand are then corrected according to suggestions given 

by students, so that students understand the statements in the questions 

and does not cause multiple interpretations. 

Evidence based on the response process concerns how students 

respond to items. If an item is made to measure reasoning, the correct 



 

 

answer given by students must also be based on reasoning 

abilities(Sumintono & Widhiarso, 2015a). Students' cognitive processes 

in answering questions that are relevant to the ability to be measured 

show that the items have evidence of validity. 

Evidence based on internal structure concerns the extent to which 

test items and components conform to the construct being 

measured(Sumintono & Widhiarso, 2015a). One way to find out whether 

the items have a good internal structure can be done by statistical 

analysis. This statistical analysis can be obtained through testing the test 

instrument empirically to the respondent and then analyzed using the 

Rasch Model Analysis. 

The validity of the items can be seen in terms of the accuracy of the 

questions and the accuracy of the items (Sumintono & Widhiarso, 2015c). 

The accuracy of the questions shows whether the items can be understood 

well by students, while the accuracy of the items shows whether the items 

can distinguish between students who are able and unable to do the 

questions well. 

The validity in terms of the accuracy of the questions can be seen 

from the value of the Outfit Mean Square (MNSQ), the Z-standard value 

(ZSTD), and the Point Measure Correlation (Pt. Measure Corr) value in 

logit units. Based on the validity analysis in terms of statistical accuracy 

using the Rasch Model Analysis, the items are declared valid or have 

good quality if they meet the following criteria(Sumintono & Widhiarso, 

2015c): 

a. Outfit Mean Square (MNSQ) Value: 0.5 <MNSQ <1.5 

b. Z-standard Outfit Value (ZSTD): -2.0 <ZSTD <+2.0 

c. Point Measure Correlation Value: 0.4 <Pt Mean Corr <0.85 

The items are categorized as invalid or of poor quality based on 

statistical validity analysis using the Rasch Model, that is, if all the 

criteria for the value above are not met (Sumintono & Widhiarso, 2015c). 



 

 

However, if the item does not meet only one or two criteria, then the 

questions can still be maintained and do not need to be replaced. 

Based on the research data in Table 4.1, the results of the item 

validity test using the Rasch Model Analysis show that all items are 

classified as valid. When viewed from the three criteria, items 3, 4, 5D, 

5E, 7, and 8 only do not meet the requirements for the MNSQ Outfit 

value and the ZSTD Outfit value, but the Pt Measure Correlation value is 

still within the permissible limits. Therefore, items 3, 4, 5D, 5E, 7, and 8 

can still be preserved and do not need to be changed. 

Item 6 only does not meet the Outfit ZSTD and Pt Measure 

Correlation values, but the MNSQ Outfit value meets the criteria so that it 

can still be maintained. Items 1, 2, and 9 do not meet only one criterion, 

namely the ZSTD Outfit value, so they can still be maintained. Items 

5ABC and 10 are very safe because they meet three score criteria. 

The validity in terms of the accuracy of the questions can be seen 

from the logit value of the Model Standard Error (SE). Based on the 

validity analysis in terms of the accuracy of the questions statistically 

using the Rasch Model Analysis, the items are declared valid or have 

good quality if the value of the Model Standard Error (SE) 

<0.5(Sumintono & Widhiarso, 2015c). 

Based on the research data in Table 4.1, the results of the item 

validity test in terms of item accuracy using the Rasch Model Analysis 

showed that all items were classified as valid. All items have a Model 

Standard Error (SE) value of less than 0.5, so the items are classified as 

good. 

The validity test is used to determine whether the test instrument is 

able to measure what should be measured in accordance with the 

measurement objectives (Matondang, 2009). The determination of the 

validity of the items on a test instrument must go through a test grid that 

represents the entire material that should be mastered proportionally and 

is fundamental in logical analysis. (Matondang, 2009). The item on the 



 

 

test instrument must be corrected or replaced if the item is detected as 

invalid. The basis for correcting question items can be done in terms of 

content selection, sentence structure, or diction selection so as to 

minimize multiple interpretations by the respondent and finally the 

respondent's answer is expected to be in accordance with the grid so that 

the items can be declared valid. 

Test the validity of a test instrument should be done repeatedly. 

This is done with the hope that there will be periodic improvements to the 

instrument, so that the instrument can be used as intended(Hayati & 

Lailatussaadah, 2016).  

The validity of an instrument is influenced by the respondents used. 

An instrument that is declared valid through a validity test using a group 

of respondents does not necessarily result in the same validity when tested 

using another group of respondents.(Hayati & Lailatussaadah, 2016). 

Therefore, it is important to carry out periodic validity testing to find out 

whether a test instrument can be used to measure the same thing in a 

particular group. 

 

b. Reliability of Question Items 

The reliability score produced by a test instrument shows how far 

the instrument can be trusted as a measuring tool. Reliability can also be 

used as one of the criteria for determining whether a test instrument is 

good or not(Matondang, 2009). 

The reliability of the measurements produced by a sample can be 

described through several aspects. Aspects that can be used to describe 

the reliability of an instrument include stability, equivalence, and internal 

consistency(Sumintono & Widhiarso, 2015a). The aspect of stability 

concerns how repeated tests with an instrument are able to show the same 

results. The equivalence aspect concerns how far two parallel tests are 

able to show the same test score. The aspect of internal consistency shows 



 

 

how consistent the results of each item's score in one test can be 

calculated by statistical analysis. 

One model of statistical analysis that can be used to determine the 

reliability of the scores produced by a test instrument with an internal 

consistency approach is the Rasch Model Analysis. The use of Rasch 

Model Analysis to determine reliability can be seen from the Cronbach 

Alpha value, item reliability, and person reliability. Cronbach's Alpha 

value criteria, item reliability, and person reliability according 

to(Sumintono & Widhiarso, 2015b) can be seen in Table 4.9 and Table 

4.10. 

Table 4.9 Cronbach's Alpha Value Criteria 

Score Category 

r> 0.80 Very good 

0.70 <r ≤ 0.80 Very nice 

0.60 <r ≤ 0.70 Enough 

0.50 <r ≤ 0.60 Ugly 

r ≤ 0.50 Bad 

 

Table 4:10 Criteria for the Value of Item & Person Reliability 
 

Score Category 

> 0.94 Special 

0.91- 0.94 Very good 

0.81 - 0.90 Very nice 

0.67 - 0.80 Enough 

≤ 0.67 Weak 

 

Based on the data in Table 4.2, the analysis of the reliability of the 

scores produced by the instruments used in this study through the Rasch 

Model obtained a Cronbach Alpha value of 0.74, which means that the 

interaction between the person and the items as a whole is quite sufficient. 

The value of the item reliability obtained is 0.94 which indicates that the 

reliability aspect of the item in the instrument is classified as very good. 

In addition, reliability analysis through the Rasch Model can show a 



 

 

person reliability value of 0.70, which means that the overall consistency 

of students in answering each item is sufficient. 

The higher the reliability value of an instrument, the better the 

quality of the test instrument so that it can be trusted to be used as a 

measuring tool. If the test instrument gives the same results when tested 

on the same group of respondents at different times, the test instrument 

can be said to be reliable(Matondang, 2009). 

 

c. Problem Item Difficulty Level 

The difficulty level of the items can be interpreted as the result of 

the comparison of the number of students who answered correctly with 

the total number of respondents. The level of difficulty of the items can 

also be called a proportion(Irmalasari, Suratsih, & Wiibowo, 2016). 

Analysis of the difficulty level of the items can be done through the 

Rasch Model Analysis by describing the level of student ability and the 

difficulty level of the items on one line in the form of abscissa on the 

graph with units in the form of logits. (Subali & Suyata, 2012). It is this 

one line depiction of both of them that causes the magnitude of the level 

of student ability and the difficulty level of the items can be compared so 

that the pattern of the difficulty level of the items can be known. 

According toIrmalasari et al (2016), if the difficulty level is lower than the 

student's ability, then the question is classified as easy. Conversely, if the 

level of difficulty is higher than the students' ability, it means that the 

questions are classified as difficult. If the level of difficulty and ability of 

the testi is balanced, then the questions are said to be moderate 

(moderate). 

Analysis of the difficulty level of the items through the Rasch 

Model can be grouped into four categories in terms of the measure values 

obtained. The measure value criteria for grouping the difficulty level of 

the items according toSumintono & Widhiarso (2015d) is as follows: 

a. Measure value <–1 = very easy item 



 

 

b. Measure values –1 to 0 = easy items 

c. Measure values 0 to 1 = difficult items 

d. Measure value> 1 = very difficult item 

Based on Table 4.5, it can be seen that there are 5 questions in the 

easy category and 7 questions in the difficult category. The greater the 

measure value, the higher the problem difficulty level. The difficulty level 

of questions from the highest to the lowest, namely questions number 7, 

5E, 8, 9, 4, 10, 5D, 2, 1, 5ABC, 3, and finally question number 6. 

 

d. Distinction of Question Items 

A good test instrument should be able to identify student groups 

and the item groups themselves(Sumintono & Widhiarso, 2015b). This 

can be shown by the different power of the items in a test instrument. 

The item difference shows how far a question is able to distinguish 

individuals who have high abilities and individuals who have low abilities 

(Ratnawulan & Rusdiana, 2014). For example, a question is said to have 

good distinctive power if high-ability students can solve the problem, but 

low-ability students are unable to solve the problem. On the other hand, a 

question is said to have weak distinctive power if students with high and 

low abilities are both able to solve the problem. In addition, the 

distinction of a test instrument also shows how the items in the instrument 

can be identified into several groups, for example consisting of easy and 

difficult groups.(Sumintono & Widhiarso, 2015a). 

The difference power of the items can be seen through the Rasch 

Model Analysis by looking at the value of separation. The separation 

value obtained consists of two specifications, namely person separation 

and item separation. The person separation value is the individual 

separation index, while the item separation is the item separation 

index(Hayati & Lailatussaadah, 2016). Item separation value criteria 

according toFischer (2007) can be seen in Table 4.11. 

 



 

 

Table 4.11 Criteria for the Value of Person & Item Separation 

Value Interval Criteria 

<2 Weak 

2 - 3 Enough 

3 - 4 Very nice 

4 - 5 Very good 

> 5 Special 

 

The greater the separation value, the better the difference in 

question power because it can identify individual groups and groups of 

items. Based on the data in Table 4.4, the person separation value 

generated from the test instrument in this study is 1.52 which means it is 

still weak. If investigated further, the strata of the separation of the 

respondent groups can be found through the following 

formula(Sumintono & Widhiarso, 2015b): 

𝐻 =  
[(4 𝑥 𝑆𝐸𝑃𝐴𝑅𝐴𝑇𝐼𝑂𝑁) +  1]

3
 

The separation strata of the respondent group can be calculated 

using the above formula with a person separation value of 1.52 in order to 

obtain H = 2.36. The value of 2.36 is then rounded to 2, so it means that 

there are 2 groups of individuals in the sample used in this study. 

The weak power of difference can be influenced by several factors. 

One of the factors that influence the value of the difference in power to 

identify individual groups is the characteristics of the students themselves 

who are used as samples. Most students probably only guessed the answer 

or students who understood the material felt there was misinformation on 

the item in question, causing the student's answer to be 

incorrect(Ratnawulan & Rusdiana, 2014). 

In addition to the person separation value, there is also an item 

separation value of 4.00. This means that the grouping of items in the test 

instrument used in this study is classified as good. This can be proven by 

the characteristics of the instruments in this study which include easy and 

difficult questions with varying logit values which can be seen in Table 

4.3. 



 

 

 

2. Test Results 

a. Student Response Pattern 

The results of the analysis of student response patterns show how 

the patterns of students' answers in working on the questions from the 

easiest to the most difficult(Sumintono & Widhiarso, 2015e). Student 

response patterns also become supporting data for the consistency of 

student answers as indicated by the value of person reliability. Overall, the 

consistency of students in answering the questions was quite sufficient as 

indicated by the value of person reliability in Table 4.2. This can be 

proven in the analysis of Table 4.5 with the response pattern of most 

students which is quite consistent where the students' scores obtained on 

the questions from the easiest to the most difficult are getting smaller. 

Based on the data in Table 4.5, students who have the most 

consistent response patterns can be shown by the green highlight, namely 

students 12012L with an answer pattern 222211111111, 13812L with an 

answer pattern 222111111111, 15012P with an answer pattern 

222111111111, and 15412P with an answer pattern 221111111111. The 

four students are male and female students in class XII which can be seen 

from the student code, namely the last letter indicates gender and the two 

digit number before the last letter indicates the grade level. 

In addition to consistent patterns, from Table 4.5 it can also be seen 

that there are some students who are indicated to have cheated or cheated 

while working on the questions. According toSumintono & Widhiarso 

(2015e), if two or more students have the exact same response pattern, 

then the student is suspected of cheating or cheating on each other. As 

many as 4.76% of the 168 students indicated cheating by cheating with 

each other. For example, students 09111P and 09911P are indicated to be 

cheating because they have the same response pattern, namely 

222221122211. In addition, there are several other students who are 

indicated to be cheating on each other, including students 08411L and 



 

 

08811P with response patterns, namely 212111111111, students 02310L 

and 02610L with response patterns. 112111111111 and students 13612L 

and 14012L with the answer pattern 112111111111. 

The cause of students cheating can be influenced by several factors. 

The behavior of students cheating while doing the test is more influenced 

by the individual's own personality or referred to as internal 

factors(Pujiatni & Lestari, 2010). Several internal factors that can 

influence students to cheat include students not wanting to study hard, not 

being diligent, and feeling less confident about their abilities but wanting 

to get high scores on exams.(Wahyuningrum & Palila, 2014). 

Besides there are indications of students cheating on each other, 

there are also students who have a unique response pattern, one of them is 

the 06311L student with the answer pattern 222224222242. The 06311L 

student gets the maximum score on questions 5D and 5E which are in the 

difficult category. However, the 06311L student did not get the maximum 

score on the answer pattern items in the previous easier questions. 

The last indication is that there are students who are careless in 

doing the questions. Based on the data in Table 4.5, one of the students 

who was indicated to be less careful in working on the questions was the 

10011P student with the answer pattern 222223322212. The student only 

scored 1 on question 5e even though the three previous pattern items 

(easier questions) and one pattern after that were shows the most difficult 

question (question number 7) he can do by obtaining a higher score, 

namely 2. In addition, student 02110L with a response pattern of 

212221111111. This student only scored 1 on the second easiest question, 

namely item number 3, even though he was able to get a higher value, 

which is 2 on one item of the previous pattern which is the easiest problem 

and three items in the pattern after that. 

Some other students who are indicated as being less precise can be 

seen in Table 4.5 with blue highlights where their response patterns 

indicate one or two questions whose actual score can still be maximized 



 

 

according to individual ability. If the students were more careful in 

working on the questions, they might be able to maximize their ability. 

Students who are less careful can affect their learning outcomes in 

answering a given test. According toYulinasari (2018), students who are 

not careful in taking the test cause the value of the test to fluctuate. 

 

b. Percentage of Students Per Level 

The energy concept test instrument in the carbon transformation 

process used in this study adopted the instrument from Jin & Anderson 

(2012). Based on the instruments used, there are three main concepts about 

energy which refer to the National Research Council Framework for K-12 

Science Education document (2011). 

The first concept, namely changes in energy and matter in a system 

can be described in the context that both flow from, to, and within the 

system. The second concept, namely energy cannot be created or destroyed 

(energy only moves between one place and another, between objects and / 

or fields, or between systems). The third concept, namely energy drives the 

cycle of matter within and between systems. These three concepts are 

specified in the three carbon transformation processes that are the focus of 

the research and are summarized in the 10 item essay. 

 

Process 1: Formation of Organic Carbon through Photosynthesis 

The concept that is emphasized in the formation of organic carbon 

through the process of photosynthesis, namely "the change in energy and 

matter in a system can be described in the context that both flow from, to, 

and within the system". According toNext Generation Science Standard 

(2013) which refers to the National Research Council Framework for K-12 

Science Education (2011) document in Jin & Anderson (2012), the 

photosynthetic process involving sunlight, air, and plants converts light 

energy into stored chemical energy by converting carbon dioxide (CO2) 

and water (H2O) into sugar (C6H12O6) and released oxygen (O2). 



 

 

Based on the concept, it can be interpreted that energy changes 

occur from light energy to chemical energy. The change of matter occurs 

from carbon in the form of CO2 (gas) with H2O (liquid) to C6H12O6 

(solid) and O2 (gas). Chemical energy in the form of C6H12O6 is stored in 

the plant body as a system. This concept is summarized in 5 items, namely 

questions number 1, 2, 3, 4, and 5D. 

Each number of the five questions shows a different level at each 

student's grade level. Based on Table 4.6, it can be concluded that of the 

five questions, students in class X and XII tend to be at level 1. In contrast 

to class X and XII, grade XI students tend to be at level 2. Examples of 

student answers as well as level categories can be seen in Table 4.12 which 

represents question number 3. 

 

Table 4:12 Student Answers on Test Instrument Question Number 3 

 

Level Student Answers Class 
Percentage 

(%) 

0 
The student answered that they did 

not know 

X 21 

XI 0 

XII 2 

(continued Table 4.12) 

Level Student Answers Class 
Percentage 

(%) 

1 

Students explain that energy is 

depleted or explain energy as a 

condition for plants to grow. 

X 38 

XI 25 

XII 48 

2 

Students explain that the processes of 

energy power such as cell 

multiplication, making food, and 

others. 

X 20 

XI 48 

XII 38 

3 

Students can choose Yes to b, c, or d. 

They also chose No to a. They might 

explain that energy becomes matter. 

X 20 

XI 25 

XII 13 

4 

Students choose Yes for d, No for a 

and c. They explained that light 

energy becomes chemical energy 

stored in plant body tissues. 

X 2 

XI 2 

XII 0 

Ket. : Class X, XI, XII (N = 168; 56 per class) 

Question item 3: 



 

 

What happens to energy from the sun after it enters plants and through photosynthesis? 

Choose YES or NO for each of the following and explain why. 

a. Energy will not exist because it is used in the process (YES / NO) 

b. Energy will leave the plant body as energy (YES / NO) 

c. Energy will turn into matter / substance or energy is matter / substance in the process 

of photosynthesis and stored in the plant body (YES / NO) 

d. Energy will be converted into other forms of energy during photosynthesis and stored 

in the plant body (YES / NO) 

 

The answer about what happens to energy from the sun after 

entering the plant and through photosynthesis should be that energy 

changes form into other energy during photosynthesis and is stored in the 

plant body which is the answer at level 4. Student's explanation should 

include exposure to light energy that will turn into chemical energy stored 

like the explanation of the concept above. In addition, students also 

explained that energy remains during the photosynthesis process because 

energy only flows during the process and its shape changes. Energy also 

does not change into matter / substance because energy will remain into 

energy but only its form changes during the photosynthesis process and 

energy is different from matter / matter. 

Based on data analysis, most students were detected to be at level 1 

where their understanding of energy was that energy would run out 

because it was used during the process of photosynthesis or simply 

explained that light energy from the sun was used by plants to grow big. 

Level 1 students only see energy as a need that must be met for a specific 

purpose. Only 2% of class X students and 2% of class XI students also 

succeeded in reaching level 4 and understood the concept that "changes in 

energy and matter in a system can be described in the context that both 

flow from, to, and within the system" which is reflected in the their 

answers which contain explanations as described above. 

The higher the grade level, the more complex the student's 

understanding of a concept should be. In fact, the level of understanding of 

class XII students is still below class XI as a whole from the five 

questions. One of the things thought to be the cause of the level mismatch 



 

 

at the class level, namely the level of students' ability to solve the problem 

itself(Simamora (2014) in Hariatik, Suciati, & Sugiyarto (2017).  

The ability to solve problems is the ability shown since recognizing 

problems, finding alternative problem solutions, choosing one alternative 

as a solution, and evaluating the answers that have been 

obtained.(Simamora (2014) in Hariatik, Suciati, & Sugiyarto (2017). 

Students who have a low level of ability to solve problems, there is a 

possibility that students will also get low scores when given test questions. 

High school students are expected to be at level 4 in understanding 

the concept of energy because they have reached the highest level in 

secondary education regardless of the class level of the student. According 

to research conductedJin & Anderson (2012)It is known that elementary 

students tend to be at level 1, junior and senior high school students tend 

to be at level 2 and only 2.5% of the 982 high school students are at level 4 

or are able to understand the concept of energy as a whole well. After 

learning to help students understand the concept of energy, high school 

students who are at level 4 increase to 10%. 

 

Process 2: Transformation / Conversion of Organic Carbon through 

Digestion and Biosynthesis 

The concept emphasized in the conversion of organic carbon 

through digestion and biosynthesis, namely "energy cannot be created or 

destroyed (energy only moves between one place and another, between 

objects and / or fields, or between systems)". According toNext Generation 

Science Standard (2013) which refers to the National Research Council 

Framework for K-12 Science Education (2011) document in Jin & 

Anderson (2012), when matter and energy flow through different 

organizational levels of two or more living systems the chemical elements 

combine to form different products. This means that the carbon contained 

in photosynthetic sugar molecules will undergo the breakdown of 

hydrocarbon chains to make amino acids and other carbon-based 



 

 

molecules that can be assembled into larger molecules (such as protein or 

DNA) which are used to form new cells. 

The carbon contained in photosynthetic sugar molecules is different 

from the carbon in the atmosphere. The carbon in the atmosphere is carbon 

dioxide, which does not contain energy. The carbon in plants and animals 

is in organic compounds such as glucose and lipids. This organic 

compound contains CC and CH bonds and therefore contains energy (Next 

Generation Science Standard, 2013). 

Based on the concept of "energy cannot be created or destroyed 

(energy only moves between one place and another, between objects and / 

or fields, or between systems)", the chemical energy stored as a result of 

the photosynthesis process flows into the human / animal body when 

humans. / animals consume glucose which is the result of the 

photosynthesis process. Glucose that is consumed by humans / animals 

will undergo the breakdown of hydrocarbon chains during digestion and 

biosynthesis to make amino acids and other carbon-based molecules which 

can be assembled into larger molecules (such as protein or DNA) which 

are used to form new cells as described above. Protein and DNA in the 

human body are organic compounds which contain carbon molecules so 

they contain energy. 

Based on Table 4.6, it can be concluded that of the five questions, 

students in class X and XII tend to be at level 1 while class XI tends to be 

at level 2.Examples of student answers as well as level categories can be 

seen in Table 4.13 which represents question number 9. 

 

Table 4.13 Student Answers to the Test Instrument Question Number 9 

 

Level Student Answers Class Percentage (%) 

0 

 

 

The student answered that they did not 

know 

X 7 

XI 0 

XII 0 

1 

Students explain weight gain in terms of 

needs. The boy needs to eat. Eating food 
allows it to grow. 

X 82 

 
XI 

 
38 



 

 

Level Student Answers Class Percentage (%) 

There are no hidden processes involved 

in this event. 
XII 100 

2 

Students explain that food somehow 

turns into body mass. It cannot explain 

any chemical changes. 

X 2 

XI 61 

XII 0 

3 

The student explained that weight gain 

came from food (and water) in chemical 

reactions, but he could not successfully 

explain how organic molecules change 

in digestion and biosynthesis. They 

could explain that food becomes energy, 

which is used to drive cell multiplication 

and growth. 

X 9 

XI 2 

XII 0 

4 

Students explain digestion as a process 

in which organic molecules (polymers) 

are broken down into simpler molecules 

(monomers). Students also describe 

weight gain as a process in which 

simpler molecules are transported by the 

blood to cells throughout the body and 

then the simpler molecules are 

rearranged into more complex organic 

molecules in the cells. 

X 0 

XI 0 

XII 0 

Note: Class X, XI, XII (N = 168; 56 per class) 

Question item 9: 

A boy eats an apple. Based on that statement, what happens to apples when they are 

digested? Can the apple that the child eats help all parts of his body (such as his fingers) 

to grow and gain weight? 

 If you choose YES, explain how an apple going into the boy's stomach can help his 

fingers gain weight and grow.  

 If you answered NO, please explain how the boy's body made his fingers gain weight 

and grow. 

 

The answer to what happens to apples when eaten should be is that 

they undergo a digestive process, in which organic molecules (polymers) 

are broken down into simpler molecules (monomers). Students should also 

explain weight gain as a simpler molecular process that is transported by 

blood to cells throughout the body and then the simpler molecules are 

rearranged into more complex organic molecules in the cells as shown in 

the answer to level 4. 

Students are expected to give answers such as those in level 4 

which reflect the understanding that the chemical energy in the form of 

glucose stored in apples as a result of the photosynthesis process flows into 



 

 

the boy's body when he consumes the apple which contains carbohydrates. 

Carbohydrates are broken down back into simpler molecules, one of which 

becomes monosaccharides in the form of glucose in the boy's digestive 

system. The glucose that the boy's body absorbs will be used in the 

formation of a high-energy molecule called ATP. ATP is the form of a 

molecule that has energy which will be used by the boy's cells to perform 

mitosis so that all his organs are formed and his body weight increases. 

Based on data analysis, most of the students who were the research 

samples were detected to be at level 1, that is, their understanding was 

limited to that boys need food to be digested in the body, so they can grow 

and gain weight. They don't mention energy at all. 

The results of the analysis of question number 9 show that there are 

no students who are able to achieve understanding at level 4. The highest 

level that students can achieve is only level 3, namely by class X as much 

as 9% and class XI as much as 2%. Students at level 3 explained that the 

boys' weight gain came from the breakdown of the apple molecules eaten, 

but they failed to explain how these apple molecules can be converted 

through digestion and biosynthesis. Level 3 students only mentioned that 

food turns into energy for multiplication and cell growth without 

explaining how the organic molecules in apples can change. 

Class XII students as the highest grade level should be able to reach 

level 4. If seen from the standards for high school students in Indonesia 

class XII has received material related to metabolism. The process of 

converting organic carbon has been studied by class XII students through 

the chapter on metabolism, namely the material on the process of 

glycolysis. Moreover, students in class XII have received material about 

the biogeochemical cycle which includes the carbon cycle when they are 

in grade X and material on the process of digestion of food and human 

energy needs when they are in grade XI. This means that class XII should 

have a good understanding of the concept of indestructible energy and 

only flows from one system to another. In contrast to the level 



 

 

expectations that should be achieved by class XII students, data analysis 

shows that all samples of class XII students are at level 1 in question 

number 9 so that it can be categorized as still low. 

According to Hariatik, Suciati, & Sugiyarto (2017), the low test 

scores obtained by the students indicate that the students' ability to solve 

problems is also low. The low ability to solve problems can be triggered 

because the learning process experienced by students does not support the 

development of these abilities. In addition, the unclear or incomplete 

presentation of the relationship between energy concepts from the teacher 

to students should also be the cause of the low level of student 

understanding regarding the concept of energy. 

 

Process 3: Oxidation of Organic Carbon through Cellular Respiration 

and Combustion Processes 

The concept emphasized in the process of organic carbon oxidation 

through cellular respiration and combustion, namely "energy drives the 

cycle of matter within and between systems". According to NRC’s 

Framework for K-12 Science Education document (2011), cellular 

respiration breaks the bonds of food molecules and oxygen molecules 

thereby releasing energy needed for activities in the body of living things. 

The release of this energy causes the carbon in the organic molecules to 

return to the atmosphere due to the combustion process that releases the 

carbon. The material cycle (carbon cycle) can also run and repeat as before 

where the carbon released in the atmosphere will be reabsorbed by plants 

to be processed in photosynthetic reactions. This concept is summarized in 

item 5E and 10. 

Based on the data in Table 4.6, it can be concluded that from the 

two questions, namely questions number 5E and 10, almost all students 

tend to be at level 1. Examples of student answers as well as level 

categories can be seen in Table 4.14 which represents question number 5E. 

 

 



 

 

Table 4:14 Student Answers on Test Instrument Question Number 5E 

 

Level Student Answers Class Percentage (%) 

0 
The student answered that they did not 

know 

X 43 

XI 11 

XII 39 

1 
Students answered processes other than 

burning without explanation 

X 29 

XI 57 

XII 43 

2 
Students identify processes other than 

combustion 

X 7 

XI 13 

XII 4 

3 

Students identify combustion, but cannot 

identify relevant human activities that 

cause a decrease in photosynthesis 

 

X 21 

XI 18 

XII 14 

4 

Students identify the combustion and 

human activities that affect combustion. 

Students answer the combustion process 

and explain that humans can change this 

process substantially through burning 

fossil fuels such as cooking, driving a car, 

and generating electricity. 

X 0 

XI 2 

XII 0 

Note. : Class X, XI, XII (N = 168; 56 per class) 

Question item 5E: 

 
The diagram showshow carbon moved on Earth over the past year. The boxes show the 

places where carbon is, and the arrows show how carbon moves from one place to 

another. The numbers show how much carbon moves in gigatons per year. (1 gigaton = 

1,000,000,000 tonnes). 

 Based on the diagram above, what chemical process causes the in-process carbon 

displacement in the arrow marked with the “##” symbol? 

 Are the processes on the arrows marked with ## substantially human-changeable? 

(substantial = in the sense of element / substance) 

 If YES, how can we change it? If NO, why do you think so? 

 

The answer to question number 5E is related to the question of 

what chemical process causes the displacement of carbon in the process in 

the arrow marked with the symbol "##" should be the combustion process, 

because the combustion process causes the release of carbon into the 



 

 

atmosphere in the direction of the arrow on the diagram. Students should 

also identify human activities that can substantially influence the 

combustion process, such as burning fossil fuels through driving a car or 

using electricity which in principle can release carbon so as to increase the 

amount of carbon in the atmosphere according to the direction of the arrow 

on the diagram. 

Based on the data in Table 4.14, as many as 43% of students from 

class X, 11% from class XI, and 39% of class XII students did not succeed 

in answering question number 5E or they were still detected to be at level 

0. Level 0 in question number 5E was dominated by class students X. 

Students answered that they did not know that there were even some 

students who said that they had never received the material as stated in 

question number 5. In fact, this material was included in the material on 

the biogeochemical cycle, especially the carbon cycle in class X if further 

identified. This means that all class levels should have studied material 

related to this. The proof, there are students who are able to answer up to 

level 3 and even level 4 which shows that they have indeed got the 

material. 

Overall from class X to XII, it can be seen that most students tend 

to be at level 1 as evidenced by the highest percentage of two grade levels, 

namely students in class XI and XII who are at level 1. As many as 57% of 

class XI students and 43% of students Class XII is detected to be at level 1. 

Students at level 1 answer other than the combustion process and without 

supporting explanation. Some of the answers from level 1 students only 

repeated the statements in questions such as "the process of using human 

energy chemically that can be affected by human activity" without further 

explanation. In addition, there were students who answered 

"photosynthetic process" even though it was the opposite of the 

combustion process which could release carbon into the atmosphere in the 

direction of the arrow in the diagram of question number 5E. 



 

 

The failure of some students in answering question number 5E 

could be triggered because students' reasoning abilities did not develop 

properly. According to Saptono, Rustaman, Saefudin, & Widodo (2013), 

low reasoning abilities can indicate the low ability of students to 

understand phenomena in everyday life as well. When students are faced 

with problems that require reasoning related to phenomena in everyday 

life, they are also likely to find it difficult to answer correctly. 

The underdevelopment of students' reasoning abilities is partly due 

to the tendency of teachers to provide as much material as possible in the 

hope that students are able to understand and apply the knowledge gained 

by being associated with phenomena in everyday life. (Saptono et al., 

2013). In fact, learning like that causes students' mastery of concepts to 

only tend to the process of memorizing information. Students find it 

difficult to understand problems related to phenomena in everyday life that 

require reasoning abilities. According toSaptono et al (2013), the creativity 

of the teacher as a teacher in developing a learning model should be able to 

provide facilities to develop students' reasoning abilities so that the 

concepts being taught can be applied by students well. 

The presentation of a complete concept at each grade level can also 

be a factor in how far the level of students' understanding of the concept is. 

The complete concept can be presented and understood by students well if 

the learning that is taking place also supports the process. In fact, the 

learning has not supported the presentation of concept sequences properly, 

especially in the concept of energy, so that many students cannot answer 

the test questions correctly. Learning should refer to the sequence of 

concepts according to the learning progression that students must achieve 

so that students are expected to be able to fully understand a concept 

according to standards and most importantly be able to understand 

phenomena that occur in everyday life. 

According to the research conducted Jin & Anderson (2012), there 

are students who are able to answer test questions up to the highest level 



 

 

because they have fully understood the concept. Students who have fully 

understood the concept will be able to understand phenomena in everyday 

life. 

Students who successfully reach level 4 are based on Table 4.14, 

which is only 2% of class XI students, which means that only 1 student 

from class XI has succeeded in reaching level 4 on question number 5E. 

The student is able to answer according to the statements in the level 4 

category. The student knows the chemical process that causes the release 

of carbon into the atmosphere, namely the combustion process. Students 

were also able to identify human activities that increase the amount of 

carbon in the atmosphere complete with explanations such as "humans run 

using energy, so there is a combustion process in their bodies and they 

release carbon dioxide into the atmosphere" and "humans start cars and 

drive them, so there is a burning process in them. in a car engine and 

releasing CO2 into the atmosphere ”. 

Based on the quantitative analysis of each item in class XI students, 

these students have the code 06311L. The 06311L student is known to 

have the highest ability of all students which can be seen in Appendix 11. 

Based on the analysis of the response patterns in Table 4.5, the 06311L 

students also have a fairly consistent response pattern, so that the 06311L 

student can be said to be working on the problem seriously. 

One of the factors that influence students to be able to solve 

problems correctly is individual intellectual intelligence. According to 

Primary & Corebima (2015), intellectual intelligence plays a role in the 

absorption of information or new knowledge by students and makes the 

information / knowledge a basis for processing problems and efforts to 

solve them. Intellectual intelligence helps students to be able to process 

information and solve problems, especially those related to problems in 

everyday life. Therefore, students who have high intellectual intelligence 

tend to be able to solve given problems so that their level of understanding 

of knowledge is also detected. 



 

 

 

c. Comparison of the Ability of Students for Each Question by Grade  

The ability of students to answer questions varies depending on 

their abilities. One of the differences that factors in students being able to 

work on the questions is the grade level. Generally, the higher the student's 

class level, the more student learning experiences will be. The more 

students' learning experiences, the more thought processes students go 

through so that students also have the ability to process information and 

solve increasingly high problems. 

Based on Table 4.7 and Figure 4.1, it can be seen that of the 12 

items there are 2 items that show class X students are more able to do than 

students in class XI and XII, 5 items that show class XI students are more 

able to do than grade X and XII students. , and 5 items also show that class 

XII students are more capable of doing than grade X and XI students. 

Lower grade levels are not always less able to solve problems than higher 

grade levels. 

The difference in the ability of students to answer different 

questions can be influenced by several factors. One of these factors is the 

level of students' ability to solve the problem itself. The ability to solve 

problems is the ability shown since recognizing problems, finding 

alternative problem solutions, choosing one alternative as a solution, and 

evaluating the answers that have been obtained.(Simamora (2014) in 

Hariatik, Suciati, & Sugiyarto (2017). Students who have a low level of 

problem-solving ability have the possibility that these students will also 

get low scores when given the test questions. 

According to Hariatik, Suciati, & Sugiyarto (2017), the ability to 

solve problems needs to be possessed by students in biology lessons to 

support students in solving problems or problems related to nature. The 

test instrument given to 168 respondents in this study raised the concept of 

energy in the carbon transformation process in a socio-ecological system 

which structurally contains problems related to nature. Therefore, the 



 

 

implication when students have low problem-solving skills is that their test 

scores are also low regardless of the grade level they have. 

The low ability of students in solving problems can be caused by 

the learning model applied that does not support students to develop these 

abilities. Learning that tends to be considered by some students as boring 

makes these students less interested so that the development of problem-

solving skills for some students is hampered(Hariatik, Suciati, & 

Sugiyarto, 2017). This can be followed up by implementing active and 

student-oriented learning so that students' problem-solving abilities can be 

improved and in the end students are expected to be able to solve the 

problems given according to the class level they have. 

 

d. Comparison of the Ability of Students for Each Question Based on Gender  

The results of this study indicate that the overall abilities of male 

and female students in answering test questions are not much different. 

Based on Table 4.8 and Graph 4.2, it can be seen that of the 12 items there 

are 6 items which show male students are more capable of doing than 

female students and there are also 6 items which indicate female students 

are more able to do than male students. Male students are not always able 

to solve all the questions and vice versa female students are not always 

able to solve all the questions given. 

The results of these studies are in accordance with the research 

conducted by Sulistiyawati & Andriani (2017)which indicates that there 

are no significant differences based on gender in terms of thinking skills 

and learning outcomes. Based on the research conducted(Sulistiyawati & 

Andriani, 2017), it can be seen that male students are relatively superior on 

questions with indicators providing simple explanations, namely questions 

that focus on questions and analyze arguments. Arguments are evidence 

and reasons that can convince others that the opinions expressed are 

correct(Nurmisoni, 2015). Men are more able to present reasons as 



 

 

reinforcement for answers given than female students so that the score for 

the questions obtained is higher on items 1, 2, 6, 8, 9, and 10. 

In contrast to boys, female students have higher ability on items 3, 

4, 5CBC, 5D, 5E, and 7. Female students are relatively superior in 

answering questions with indicators providing conclusions related to the 

ability to induce and deduce and direct on writing the right answer 

(Sulistiyawati & Andriani, 2017). The ability to deduce and induce is the 

ability to reason with logical and analytical thinking (Muafatun, 2018). 

Relatively equal abilities between male and female students can be 

caused by the learning process that conditions them to work together. This 

collaboration process allows male and female students to have equal 

opportunities in developing thinking skills and improving their learning 

outcomes(Pambudiono, Zubaidah, & Mahanal, 2013).   



 

 

CHAPTER V 

CONCLUSIONS AND SUGGESTIONS 

 

A. CONCLUSION 

Based on the analysis of the level of understanding of students' concepts 

based on learning progressions related to the concept of energy in the carbon 

transformation process in the socio-ecological system, it was concluded that the 

students’ understanding was not at the level they should have. The level of 

understanding of class X and XII students tends to be at level 1, while for grade 

XI students it is at level 2. There is no difference in the percentage of 

understanding the concept of energy in the carbon transformation process between 

male and female students. Another thing that can be obtained from this research, 

namely the instrument used in this study is reliable with the item reliability value 

of 0.94 which is categorized as very good and all the items adopted fromJin & 

Anderson (2012) categorized as valid. 

 

B. SUGGESTION 

It is suggested that schools and biology teachers carry out the learning 

process with a complete sequence of learning progression concept guidelines 

according to the level of education so that students' understanding of a concept 

can reach the expected level. In addition, it is also necessary to consider external 

factors that influence the achievement of students' understanding of a concept in 

the implementation of the learning process, such as the application of learning 

methods and models that pay attention to aspects of student intelligence, or 

providing student learning motivation. This effort is expected to increase students' 

understanding of a concept, especially the concept of energy in the carbon 

transformation process to reach the maximum level. 

PThe next research can be done by designing a learning progression-based 

learning design the concept of energy in the carbon transformation process, and 

testing it in the classroom. This research is limited to one high school in Boyolali, 



 

 

so in order to get a more representative results, the testing area needs to be 

expanded.  
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