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Abstract. The concept of natural selection as the cause of evolution often leads to student misconceptions. This study was conducted to determine the 
role of the Scientific Reasoning-based DSLM in facilitating changes in student conceptions on the concept of  Natural Selection. The design of this study 
uses mixed method embedded design experimental models. Research data obtained from students majoring in biology using data pre and post-test 
essays.  A number of students from a university in Bandung, West Java Indonesia was involved as participants (N=33). Data collection is done at the 
time, before, and after the  process takes place in the part of student misconception. The results are presented in qualitative form as primary and 
quantitative data as supporters. The research data shows that the conceptual change level consists of construction, revision, disorientation, static, and 
complementation. While the answer category at the beginning and end of the test has several indicators, namely no response, incorrect, incomplete, and 
complete. This study produces a learning model that can be used to facilitate the occurrence of changes in conception and also explain in detail the 
variation of understanding experienced by each student. The results of the study indicate that this model can facilitate the change in student conceptions 
in natural selection learning material. 
 
Index Terms: Scientific reasoning, Dual situated, Conceptual change 

——————————      —————————— 
 

1. Introduction 
The evolution of living things in scientific discussions has 

become a long history of almost endless debate. Although 

the western world, especially developed countries, has 

ruled out differences of opinion, in reality, the discussion 

about evolution still continues to be a long discussion. In 

recent years, several countries including Turkey have 

banned the existence of the science of evolution as part of 

the school curriculum for elementary and secondary levels. 

Even learning all topics about evolution takes longer than 

other topics (Diem & Yuenyong, 2018; Cofre, 2016).  The 

tendency for misconception has occurred in students since 

the middle class (Projosantoso et al., 2019). In Southeast 

Asia, especially Indonesia, things that are more or less the 

same can be seen in the absence or elimination of 

evolutionary courses from the curriculum list of several 

universities, therefore a new and effective situation is 

needed to improve this situation, especially during the 

formation of students' character at school. It is unfortunate 

if the knowledge learned by students is wrong.Not only in 

Indonesia, evolution is also contradictory in a number of 

countries in the America and Europe (Bayer & Luberda, 

2016). In fact, acceptance of evolution is lower in the 

America compared to 34 other industrial countries 

(Athanaseou, et al., 2016).Furthermore, factors such as 

religiosity and nature of science understanding impact 

acceptance or rejection (Glaze, 2018). Some teachers in high 

schools get opposition to teaching evolutionary material 

(Borgerding, 2016). But, The perspective on evolution and 

research shows thatacceptance of evolution depends on 

what Is evolve (for example, plants vs. humans) and the 

scale of change (micro evolution vs. macro evolution) 

(Sbeglia & Nehm, 2018). Students often fail to develop a 

sophisticated understanding of scientific topics despite 

years of formal education designed to help them do so 

(Young, 2018). Students in elementary school can be likened 

to white paper, because they have not received much 

information from outside, but we cannot see the same hall 

for college level students because they have received a lot 

of information from both the school and the environment. 

Complex situations in students' thinking processes are 

ways to find knowledge. In the process of understanding, 

students need the role of an environment that supports the 

growth of science in students' thinking. Such support can 

come from anywhere such as teachers, learning resources, 

the surrounding environment, and so on. There are 3 

conditions in the science learning process of students, 

namely students with no prior knowledge at all about a 

topic, called missing knowledge, in this situation the 

process of increasing knowledge into students' thinking is 

called adding. Misconceptions about adaptation by natural 

selection are widespread among adults and likely stem, in 

part, from cognitive biases and intuitive theories observable 

in early childhood (Emmons et al., 2018). Another condition 

is when students already have the knowledge but the 

knowledge is still incomplete, this condition is called 

incomplete, while the third condition mentioned is in 

conflict with conditions where students get information 

from things that occur during their interactions in life.  The 

Scientific Reasoning-based Dual Program in Facilitating 

Conceptual Change of Natural selection is a process that 

arises where random interactions cause changes in a 

population (Dongchen & Michelene, 2016). Natural 

Selection Concepts is based on the desire to play an active 

role in helping students think scientifically and correctly 

about knowledge so as not to experience misconceptions. In 

lectures students about cases of natural selection are often 

plagued by mistakes that originate from errors in selection 
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selection as a direct process, misunderstanding about 

random concepts and based on intuitive ideas about 

intentionality, teleology and essentialism (Cooper & Robert, 

2017). Misconception is the fault of students' understanding 

of a knowledge that is not in accordance with scientific 

rules (Novak & Gowin, 1984). Students who have shown a 

tendency for misconception, both explicitly and implicitly, 

are easily expressed through their conception when asking 

about this topic not long after reading the section 

(Weingartner, 2018). Students with higher misconceptions 

give an assessment of worse understanding, at the same 

time, give predictions that are too confident about 

understanding their conceptual and procedural texts more 

students have more misconceptions (Prinz., 2018). Some 

researchers carry out simulations with standardized 

students, each STC is challenged to recognize 

misunderstanding of content and respond with appropriate 

teaching strategies and accurate explanations. (Dotger et al., 

2018). 

 

Conceptual Change 

Conceptual change is a change experienced by students 

when they are in an understanding that is wrong or not in 

line with scientific rules, towards a directed understanding 

and according to scientific rules (Lappi, 2013). Concept is 

an idea or representation of the common element and 

attribute (Carter & Market, 1973). The knowledge that must 

be changed is the initial false knowledge. Initial knowledge 

is the knowledge of students before starting learning (Frase 

et al., 2014). Concept is a characteristic or abstract of 

something that can facilitate interaction to make humans 

able to think (Afidah, 2014).it is important to explicitly 

create shared meaning from key conceptions at the 

beginning of the lecture to facilitate shared meaning and 

desired conceptual changes during lectures (Casper & 

Balgopal, 2018). Collaborative cognitive and affective 

knowledge in facilitating conception changes (Kural & 

Kocakulah, 2016). Therefore changes in student conceptions 

are absolutely indispensable if students have already 

experienced a misunderstanding of a particular topic. This 

is meant so that students do not dissolve in the error of 

continuous understanding. Conceptual change is 

fundamental to science learning, which shows science 

educators and science education researchers need a model 

to deal with and correct conceptual change properly 

(Nadelson., 2018). the concept achievements, attitudes 

toward conceptual change texts and elementary science 

teaching self-efficacy beliefs of the teacher candidates who 

were given conceptual change texts based concept 

education were significantly higher than those of the 

teacher candidates who received traditional concept 

education without conceptual change texts (Cayci, 2018). 

 

 

Scientific Reasoning 

Reasoning is the process of thinking to draw conclusions in 

the form of knowledge (Misu & Kadir, 2013). Scientific 

reasoning is where logic is applied to scientific processes, 

search explanations, hypothesis formulas, problem solving, 

experiment creation, variable control, and problem analysis 

(Wenning & Viera, 2015). Scientific reasoning is an 

analytical activity that uses scientific logic (Herawati, 2015).  

The difference between this research and the research 

carried out is the most important part, namely the ability of 

scientific reasoning. Where dual situated and scientific 

reasoning is a form of learning process. Actually, the 

learning process that does not require scientific reasoning 

skills makes this process more than physical skills and not 

the competency aspects of students who are taught. 

Multiple processes cannot provide a related and long-

lasting understanding in student thinking. 

 

Dual Situation Learning 

Dual  situation learning model is a learning model that can 

change students' misconceptions (She, 2010).  

There are 6 steps in the situated learning model developed 

by Hsiao Chin She, namely: 1) the stages of examining the 

attributes of science concepts. 2) investigating students' 

misconceptions in science concepts, 3) analyze students' 

thinking skills, 4) designing  dual situation learning 

activities, 5) teaching by dual situated, 6) Challenge 

situated learning event (She, 2010). we can see in more 

detail in Figur 1  below 
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(She, 2010) 

Figure 1. Dual Situated learning Model 
 

In this model, students are "placed" in learning experiences 

and make knowledge as part of their learning activities 

(D’Souza & Calre, 2018).  in the picture it can be seen that 

there are 6 steps. The step is Examine  the attributes of the 

science concept, Probe students misconception, Analyze 

which mental sets students lack, Design dual situated 

learning event, Instruct with dual situated learning event, 

Instruct with challenging situated learning event. there are 

6 steps available developed by She (2010). 

 

2. Matherials and Methods 
The main purpose of this research is to describe the 

understanding of student concepts both at the beginning of 

the  and after the  program takes place. Research will find 

out how changes in student conceptions before and after 

the program are run. To find the level of change, this study 

uses mixed method with an embedded experimental model 

design with qualitative explanations as main data and 

quantitative data as embedded data. The purpose of the 

embedded data is to strengthen the findings of the main 

data (Cresswell, 2003).  Some of under graduated student of 

biology were involved as the subject of the study.  

Qualitative data in this study were obtained from students 

'comprehension abilities based on the results of the pretest 

and post-test by comparing the level of understanding 

based on the answers, the variations in students' 

understanding were classified and the last percentage was 

based on the classification. The embedded experimental 

model design chart can be seen in Figure 3 as follows: 

 
 

Figure 3. Design embedded exsperimental model 
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There are several instruments used in this study, namely 

the question instrument analysis of initial choices in the 

form of multiple choices with the type of question Certainty 

of Response Index (CRI). The problem consists of a series of 

two tiers, with the analysis of the first question is the ability 

to master the concept of students, while the second level 

analyzes the level of confidence of students in the answer. 

Next is the category (rubric CRI) mapping of students' 

initial conception which we can see in Table 1: 

 

Table 1. Students’ Responses Category Modification 

 

Students’ Answers 
Confidence of 

the Answers 
Interpretation 

Incorrect Low Does not understand the concept  

Correct Low Guessing 

Incomplete High Misconception 

Complete High Understand the concept 

 

To determine the students' conceptual mapping category at 

the pretest and post-test, the student response category was 

used based on the given essay question. The categories can 

be seen in Table 2 

 

Table 2. Students’ Responses Category 

 

Category Representation 

No Response Students do not answer test questions 

Incorrect Student answers are not in accordance with scientific rules 

Incomplete Student answers are correct but incomplete 

Complete Student answers are correct and complete 

 

While the classification of the level of conceptual change in students can be observed in Table 3 below 

 

Table 3. Level of Change 

 

 

 

 

 

 

(Kristianti, 2012) 

 

Embedded data in this study are quantitative data. 

Quantitative data analysis is done using the SPSS 18 for 

window program, the aim is to see significance using 

normalized gain (n-gain).to looking at the size or influence 

of the program, the n-gain data were analyzed using the 

concept of the effect size of  ES (Cohen in Meilinda , 2018). 

with the following interpretation 

 

 

 

 

 

Level Interpretation Level 

Construction Students can construct knowledge 

Revision Students can revise or improve their understanding 

Complementation Students can integrate their initial knowledge with new knowledge to 

be more perfect 

Static Students do not experience changes in knowledge and understanding 

Disorientation Students experience a change in understanding and knowledge 

towards the worse. 
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Tabel 4. Effect Size Criteria 

 

DValue ES Criteria 

d<0,20 Low effect  

0,20≤d≤0,80 Middle Effect 
d>0,80 High Effect 

 

This program combines scientific reasoning ability and dual situated learning. This program consists of 6 basic steps. The 

program flow of this scientific reasoning based dual situation can be seen in Figure 1 below: 

 

 
 

Figure 3. Flows of  Scientific Reasoning based Dual Situation Program 

 

There are 6 steps from the flow above, but the main step is 

in the dual situation in the black and white box in the 

middle, where situation one describes the condition of 

student misconception and situation two describes the 

factual situation in accordance with scientific conditions. 

 

3. Result and Discussion 
This program is intended to facilitate changes in students' 

conceptions of each student's knowledge that has been 

tested based on the results of the test where the student 

experiences situations of misconception on a topic in 

science.  Data collected and analyzed based on the results of 

the trial using the instruments that have been compiled 

above obtain a description of the results as follows:  From 

the first test at the beginning before the intervention or 

before the use of the program, students analyzed the level 

of misconception to determine what important main 

themes were urgently needed for conception change, the 

level of student misconception obtained from the CRI test 

results using 10 multiple choice questions. The level of 

student misconception based on the initial test can be seen 

in Figure 4 as follow: 
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Figure 4. Score of Students’ Misconception base on 10 question of CRI 

 

In figure 4, a test is based on 5 important topics in 

evolution. The five topics are divided into ten questions. Of 

the ten questions there are 5 topics, namely the nature of 

adaptation, understanding of natural selection,comparing 

adaptation and natural selection, the views of Darwin and 

Lamarck, the application of the concept of natural selection. 

These results indicate that the level of student 

misconception on the topic of natural selection is still very 

high and it is very urgent to take corrective action. The 

highest misconception occurred on the topic of learning 

"Differences in Darwin and Lamarck's Views". This 

happened because students were still confused about the 

different views of Darwin and Lamarck about the 

underlying causes of evolution. For data obtained in the 

results of analysis of student responses, illustrated in Figure 

5 below 

 

 
 

Figure 5. Students’ Responses Category based on the Pretest 

 

Based on Figure 5, it can be concluded that there are still 

many mistakes in students' answers to problems related to 

evolution which specifically discuss about natural selection, 

this can be seen from the high incorrect values in the 

graphs of student answers.  Furthermore, the data obtained 

is the result of posttest data on natural selection material 

where this data is taken through giving tests to students 

after the Scientific Reasoning-based Dual Situation  

program is conducted, the results of which can be seen in 

Figure 6 below 
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Figure 6. Students’ Responses Category based on the Posttest 

 

Referring to the posttest results above, we can see that most 

students no longer experience inner conflict and confusion 

in determining the answers to the final test, this can be seen 

in Figure 6 that in general, students have been able to 

correctly answer given tests on the topic of natural 

selection.  To be able to see the changes in students' 

conceptions, the results of the pretest and post-test must be 

compared, so that students can understand the conception 

of evolution to the material after the  program using 

Scientific Reasoning-based Dual Situation, or students do 

not experience concept changes at all, or even the most 

worrying is that students actually experience a decline in 

their conception of the topic of natural selection. The results 

of the comparison of pretest and posttest can be seen in 

Figure 7 below 

 

 
 

Figure 7. Level of Change in Student Conception on Natural Selection Topics 

 

Referring to the graph of the level of comparison of changes 

in student conceptions above, it can be concluded that 

students experience a massive revision on the whole topic. 

This implies that the students' incorrect understanding on 

the pretest problem has changed largely in the complete 

and incomplete categories so that it appears that students 

experience improvement. However, on two themes, 

students actually experienced a fairly high level of static, 

namely the level where students did not experience 

significant improvement. Result of the embedded data in 

the form of quantitative n-gain data show a significant 
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increase in changes in students' conceptions through the 

programs used 

 

4. Conclution 
Based on the results and discussion, that there are 

differences in learning outcomes caused by several positive 

reasons. This study shows several results including: The 

use of the Scientific Reasoning-based Dual Situation 

program can facilitate conception changes in student on the 

topic of natural selection. Understanding students' concepts 

has increased overall, but there are still two themes where 

students experience high levels of static, this may be used 

as a reference for analysis in subsequent studies. 
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