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ABSTRACT: This research is quantitative survey research that aims to identify the level of 

scientific reasoning ability of Biology prospective teachers, as well as to determine the effect of 

the semester on scientific reasoning abilities. A total of 80 Biology prospective teachers were 

involved in this study, consisting of 18 (semester 2), 29 (semester 4), and 33 (semester 6). LCSTR 

is an instrument used to measure scientific reasoning ability. The data were analyzed descriptively 

to classify the level of scientific reasoning ability, while to determine the effect of the semester on 
scientific reasoning ability, it was analyzed univariately using SPSS 22 at a significance level of 

5%. The results of this study indicate that the scientific reasoning ability of Biology prospective 

teachers is dominated by concrete and transitional reasoning, and semesters have no effect on 

scientific reasoning abilities. These results also indicate that Biology prospective teachers have the 

same level of scientific reasoning ability. Furthermore, these results can be concluded that the 

scientific reasoning ability of Biology prospective teacher students has a low level, which is at the 

initial level (concrete reasoning). Then for the further work, it is described a little at the conclusion 

of this article. 
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INTRODUCTION 

Scientific reasoning is a very important ability in 21st century education 

(Göhner & Krell, 2022; Zhou et al., 2016) or education in the 21st century 

emphasizes the ability of scientific reasoning to students because scientific 

reasoning is a very important factor that can help students to obtain good 

academic performance (Hrouzková & Richterek, 2021). Therefore, some 

educators make a consensus to emphasize the need for scientific reasoning 

abilities for students, not only to understand scientific concepts but also to be able 

to actively participate in life to achieve a more democratic life (Alshamali & 

Daher, 2016; Kalinowski & Willoughby, 2019). Science refers to the body of 

knowledge acquired through a series of processes, such as collecting data, 

hypothesizing, and evaluating principles or theories from new data (Masnick & 

Morris, 2022). Thus, scientific reasoning is defined as the search for knowledge 

and coordination between theory and evidence (Mayer et al., 2014; Schlatter et 

al., 2021), or scientific reasoning is synonymous with experimentation 

(Choowong & Worapun, 2021), and or cycle of inquiry, students who have good 
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experimental or inquiry skills will acquire knowledge quickly (van der Graaf et 

al., 2015). 

Scientific reasoning related to cognitive development (Nyberg et al., 

2020), includes the ability to think abstractly and logical reasoning, as well as 

draw conclusions based on the type of formal operational reasoning (Ha et al., 

2021). According to Lazonder and Janssen (2021), scientific reasoning refers to 

the cognitive processes involved in planning, implementing, and evaluating the 

results of investigations. While Morris et al. (2012) stated that scientific reasoning 

includes the reasoning and problem solving skills involved in generating, testing 

and revising hypotheses or theories, and in the case of fully developed skills, 

reflects the process of knowledge acquisition and conceptual change from 

investigating activities, and even recently, Kind and Osborne proposed six models 

of scientific reasoning, including mathematical deduction, experimental 

evaluation, categorizing and classifying, hypothetical models, probability 

reasoning, and the development of reasoning based on history (Göhner & Krell, 

2022). Based on this, scientific reasoning not only plays a role in the acquisition 

of knowledge (Ahmad et al., 2020; Alshamali & Daher, 2016; Mayer et al., 

2014), but also plays a role in making decisions in everyday life through a series 

of scientific processes, such as collecting data, evaluating arguments, and testing 

the hypotheses (Pelamonia et al., 2017). 

According to Piaget, the development of scientific reasoning abilities starts 

from concrete reasoning to formal reasoning (Hotulainen & Telivuo, 2014; Khan 

& Rana, 2021). Concrete reasoning is the reasoning that is used when dealing 

with concrete problems, and formal reasoning is reasoning used in various forms 

of problems, while transitional reasoning is a transition of reasoning from 

concrete reasoning to formal reasoning (Etzler & Madden, 2014). In science, we 

know the terms basic and integration skills. The basic skills are called concrete 

reasoning, including observing, making inferences, using numbers, taking 

measurements, classifying, communicating, and making predictions, while the 

integrated skills are called formal reasoning, include controlling variables, 

formulating hypotheses, operationally defining, interpreting, and experimentation 

(Woolley et al., 2018). 

Scientific reasoning is identic with experimentation, so its measurement is 

related to processes related to experimentation. Therefore, Lawson developed 

instruments to diagnose scientific reasoning abilities (Hrouzková & Richterek, 

2021), including the ability to control variables, correlational reasoning, 

combination reasoning, proportional reasoning, and probabilistic reasoning (Ha et 

al., 2021). While according to Opitz et al. (2017) scientific reasoning consists of 

eight ability as contribute to scientific reasoning, such as defining problems, 

formulating questions and hypotheses, gathering and evaluating evidence, and 

explaining and communicating results. In another study, the components in the 

measurement of scientific reasoning include experimenting, predicting, evaluating 

data, interpreting, and drawing conclusions (Lazonder & Janssen, 2021). Then in 

relation to learning outcomes, scientific reasoning as a construct or predictor of 

learning outcomes (Abate et al., 2020; Jensen et al., 2017; Mayer et al., 2014), 
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several studies on scientific reasoning as shown by Farillon (2022) that scientific 

reasoning has a positive impact on learning success. Likewise Pelamonia et al. 

(2017), show that scientific reasoning ability is correlated with increased student 

learning outcomes, Biology class outcomes (Piraksa et al., 2014), and 

performance of Biology graduate students (Jensen et al., 2017). 

Although many studies on scientific reasoning have been carried out, it 

can be said that it is not evenly distributed in various countries. Abate et al. 

(2020), that the failure of science education to meet the needs of the 21st century. 

However, that is to some extent attributed to its inability to incorporate scientific 

reasoning as a good model in school teaching. Then Pelamonia et al. (2017) that 

research on scientific reasoning is very rarely carried out in Indonesia. In addition, 

a fact shown by Bernard & Różycki (2019) is that teachers who teach in various 

European countries (such as Poland) do not have good scientific reasoning 

abilities. In the end, the students he taught were not involved in active 

participation, including in scientific reasoning. The Mandalika University of 

Education as a school of thought has revised the curriculum to suit the demands of 

the 21st century, but unfortunately, students' scientific reasoning abilities have not 

been clearly identified because studies on students' scientific reasoning abilities 

are rarely carried out. In other words, there is not enough evidence about the study 

of scientific reasoning at the Mandalika University of Education. In an effort to 

improve and develop professional competence, it is necessary for Biology 

prospective teachers to have scientific reasoning abilities (Göhner & Krell, 2022), 

especially at the Mandalika University of Education, not only to gain scientific 

knowledgebut also as an ability that can be used to solve problems in everyday 

life.  

In addition, when they become real teachers, they can help or train their 

students to build knowledge as scientists do. For this purpose, this research is 

considered necessary to be carried out as a stepping stone for the development of 

the learning process and further research (especially at the Mandalika University 

of Education). We know that scientific reasoning develops from an early age 

(Lazonder & Janssen, 2021), this indicates that scientific reasoning is influenced 

by age or level of education, but this has to be proven. The purpose of this study is 

to identify the level of scientific reasoning ability of Biology prospective teachers, 

and are there differences in the scientific reasoning abilities of Biology 

prospective teachers based on semesters? 

 

METHOD 

This research is quantitative survey research. A total of 80 Biology 

prospective teachers were involved in this study, consisting of 18 (2nd semester), 

29 (4th semester), and 33 (6th semester). There are several instruments can be 

used to measure scientific reasoning abilities, such as Yenilmez et al. (2006), used 

The Test of Logical Thinking (TOLT), but the most widely used instrument was 

the instrument developed by Lawson (Lawson Classroom Test of Scientific 

Reasoning/LCTSR) (Kalinowski & Willoughby, 2019). Therefore, in this study, 
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LCTSR is an instrument used to measure the scientific reasoning ability of 

prospective Biology teacher students. 

The data obtained were then analyzed descriptively to determine the level 

of scientific reasoning of the Biology prospective teacher (including concrete 

reasoning, transitional reasoning, and formal reasoning). Lawson compiled a score 

to classify scientific reasoning abilities, 0-5 (concrete reasoning), 6-11 

(transitional reasoning), and >11 (formal reasoning) (Bao et al., 2018). Then to 

find out whether the academic level (in this case is semester) has an influence or 

not on scientific reasoning abilities, the data were analyzed using analysis of 

variance (ANOVA) with SPSS 22 at the 5% significance level. 

 

RESULTS AND DISCUSSIONS 
This research was conducted at the Mandalika University of Education on 

a Biology prospective teachers. Based on the results of the descriptive analysis as 

shown in Tables 1 and 2. Table 1 shows the mean and standard deviation of the 

scientific reasoning ability scores of Biology prospective teachers by semester, 

while Table 2 shows the percentage level of scientific reasoning ability of Biology 

prospective teachers.Table 3 shows the results of the prerequisite test analysis 

(homogeneity test using Levene's test), it is stated that the data is homogeneous. Then 

Table 4 shows the results of the analysis of variance of scientific reasoning abilities, and 

Table 5 shows the results of the post hoc analysis on the mean difference scores of 

scientific reasoning abilities. 

 
Table 1. Mean of Scientific Reasoning Ablity by Semesters. 

Semesters N Mean Std. Deviation 

2nd semester 18 4.94 1.92 

4th semester 30 6.43 3.15 

6th semester 33 6.55 2.85 

Total 80   

 

Table 2. Percentage of Scientific Reasoning Ability by Semesters. 

Semesters Concrete rasoning Transitional reasoning Formal reasoning 

2nd semester 0.83 0.17 0.00 

4th semester 0.40 0.47 0.13 

6th semester 0.36 0.55 0.09 

Total 1.59 1.19 0.22 

 

From Tables 4 and 5, it is stated that the semester does no effect on Biology 

prospective teachersscientific reasoning ability. This indicates that Biology prospective 

teachershave relatively the same level of scientific reasoning abilities. Meanwhile, if we 

look back at the information in Table 2, the scientific reasoning ability of Biology 

prospective teachers is dominated by concrete and transitional types of reasoning. This 

indicates that concrete and transitional reasoning is the reasoning used to solve problems 

(Etzler & Madden, 2014). Scientific reasoning is an ability that is very difficult for 

students to college student, and about 50% of students have difficulty when dealing with 

scientific reasoning (Woolley et al., 2018). In accordance with the findings of Ahmad 

et al. (2020), there is no difference in scientific reasoning ability between students in 
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public schools and students in private schools. While Ding et al. (2016), showed that 

students' scientific reasoning abilities did not have a significant difference from the first 

year to the fourth year. 

 
Table 3. Levene Test Result. 

Levene Statistic df1 df2 Sig. 

3.710 2 78 .069 

 

Table 4. Analysis of Variance Test Result. 

 Sum of Squares df Mean Square F Sig. 

Between Groups 33.729 2 16.865 2.155 .123 

Within Groups 610.493 78 7.827   

Total 644.222 80    

 

Table 5. Post Hoc Analysis. 

(I) Semester (J) Semester Mean Difference  (I-J) Std. Error Sig. 

2nd semester 
4th semester -1.49 .834 .181 

6th semester -1.60 .820 .131 

4th semester 
2nd semester 1.49 .834 .181 

6th semester -.11 .706 .986 

6th semester 
2nd semester 1.60 .820 .131 

4th semester .11 .706 .986 

 

These results indicate the scientific reasoning ability of Biology prospective 

teachers at the low level, or the initial level of reasoning. Prospective teacherswho 

usually uses concrete reasoning have difficult to learn scientific concepts (Hrouzková & 

Richterek, 2021). We really hope that the 6th semester teacher candidates have better 

scientific reasoning abilities than the 2nd and 4th semesters of Biology prospective 

teachers. Considering these results, it is appropriate to ask questions about the factors 

that cause the academic level (in this case the semester) to have no effect on scientific 

reasoning abilities. 

In our opinion, perhaps the low level of scientific reasoning ability of Biology 

prospective teachers is caused by personal factors and the learning environmentor socio-

cultural (Morris et al., 2012). Personal factors in this case refer to self-knowledge (self-

confidence) (Guo et al., 2022), relate to curiosity-which is curiosity that motivates a 

person to seek information that leads to goals (Jirout, 2020), and at the same time 

activating prior knowledge to construct scientific arguments or reasoning (Jirout, 2020). 

In addition, epistemological beliefs are personal factors that also influence the ability of 

scientific reasoning. Epistemological beliefs refer to one's beliefs about knowing and the 

nature of knowledge (Ongowo, 2021), construct scientific arguments and reasoning 

(Klopp & Stark, 2022). Epistemological beliefs have a gradation from the lowest to the 

highest (from naive to sophisticated) (Hotulainen & Telivuo, 2014). So, it can simply 

be understood that Biology prospective teachers who has high epistemological beliefs 

can have better scientific reasoning abilities than those who have low epistemological 

beliefs. In line with this, several research findings also show a positive relationship 

between epistemological beliefs and cognitive processes, such as argumentation and 

scientific reasoning abilities, and reflective thinking (Guo et al., 2022). 
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Although the learning environment does not manifest itself as the only factor 

that affects the level of scientific reasoning ability (Ding, 2018) but at least the learning 

environment or socio-cultural is a factor directly related to scientific reasoning ability 

(Bezci & Sungur, 2021; Boğar, 2019). The learning environment and/or socio-

cultural refers to the method or learning model used by the lecture in the teaching and 

learning process (Talib et al., 2018). The learning model used by lecturers when 

teaching does not facilitated Biology prospective teachers to reasoning (Tajudin & 

Chinnappan, 2017), does not facilitated prospective teachers to use scientific skills, 

such as planning investigations, collecting data, and communicating experimental results 

(Kambeyo, 2017). In the views of constructivism, the lecture must act as facilitators 

rather than as sources of knowledge, learning must be designed with an emphasis on the 

active involvement of prospective teacher in scientific research activities (Bao & 

Koenig, 2019). Referring to the opinion of van der Graaf et al. (2015), regarding 

scientific reasoning which is identical to the inquiry cycle, the inquiry learning model is 

one of the learning models that can be used by lecture to improve the scientific reasoning 

abilities of Biology prospective teacher (Bezci & Sungur, 2021; Ding, 2018; Wu et 

al., 2016). Through inquiry-based learning, students and teachers can find a causal 

relationship between phenomena by formulating hypotheses and testing them, both 

through observation and experimentation, and ultimately has an impact on increasing 

scientific reasoning abilities (Pedaste et al., 2015). 

 

CONCLUSION 
Based on the results of the analysis and the limitations of the discussion, it can 

be concluded that the scientific reasoning ability of Biology prospective teacher at the 

Mandalika University of Education has a low level (concrete and transitional reasoning), 

and the semester has no significant effect on scientific reasoning abilities. The results of 

this study cannot be generalized because it was only carried out at the Mandalika 

University of Education ona Biology prospective teachers, perhaps the results would be 

different if measurements were taken at other universities. For us, scientific 

reasoningabilities are something that can be improved. Concrete reasoning is the basic 

reasoning used by students to obtain formal reasoning (Khan & Rana, 2021).  

In the process of guidingto Biology prospective teachers to obtain good 

scientific reasoning abilities, the learning process can start from concrete problems and 

then move on to abstract problems. In the pedagogical aspect, learning designed by 

lectures must provide opportunities for Biology prospective teachers to use scientific 

skills, such as collecting information, hypothesizing, conducting experiments, analyzing, 

interpreting and drawing conclusions, and communicating experimental results. The 

learning model that covers all these scientific skills is the inquiry learning model. Thus, 

the inquiry learning model is recommended to be used to improve scientific reasoning 

abilities.In addition, the lecture can also develop teaching materials based on scientific 

reasoning as an integral part of to improve the scientific reasoning abilities of Biology 

prospective teachers. 
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RECOMMENDATIONS 

This study only focuses on measuring the level of scientific reasoning ability of 

Biology prospective teachers. From the previous description, it is known that scientific 

reasoning ability is influenced by several factors, such as curiosity and epistemological 

beliefs. Considering that studies on epistemological beliefs are rarely carried out in 

Indonesia (including at the Mandalika University of Education). Therefore, further 

research can examine the relationship between epistemological beliefs and scientific 

reasoning abilities. 
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