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Abstract. Socio-scientific reasoning (SSR) is an integral part of scientific literacy,
not only focusing on formal reasoning but also on informal reasoning. Therefore,
SSR can help students improve their scientific reasoning abilities and moral rea-
soning abilities. For this reason, as a first step in developing a teaching curriculum,
it is necessary to investigate SSR competence. A total of 62 prospective biology
teachers were involved in this study, consisting of 29 4th semesters and 33 6th
semesters students. The data were collected using the Quantitative Assessment of
SSR (QuASSR) in the form of ordered multiple-choice, then analyzed descrip-
tively and statistically. Based on the results of the subsequent analysis, it can be
concluded that the semester has no significant effect on SSR competence. Both
groups of students (4th and 6th semesters) were low on the competence of inquiry
and skepticism.

Keywords: Scientific literacy · Socio-scientific reasoning · QuASSR · Biology
prospective teacher

1 Introduction

The main objective of education is to improve and develop students’ scientific literacy
skills [1–7], empowering students to become critical citizens and actively participate in
democratic life, have sensitivity to environmental issues, and have sustainable education
[8]. To support this goal, the teaching curriculum should be reconstructed by connecting
society’s problems with scientific content or scientific concepts in learning [9]. The
interaction between science and social issues became known as socio-scientific issues
(SSI) [10–12].

As a learning approach, SSI contains real-life issues that are open-ended or ill-
structured [13–15], usually controversial [1, 16–21], relating to environmental issues
and technology utilization [22]. Examples of socio-scientific issues are the issue of
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genetic engineering [4, 6, 10, 12, 23], climate changes, cases of illegal logging, and air
pollution [12], or other debatable issues which requires various alternative solutions [10,
24]. As a learning approach, SSI focuses on controversial contemporary issues requiring
various alternative solutions, helping students to provide reasoning and argumentation
based on knowledge and ethics [25] or cognitive and emotion [4, 26], multi-perspective
in solving a problem [26, 27] which is not only related to formal reasoning (data-
based reasoning through the inquiry process) but also requires moral reasoning [4, 28].
Therefore, the reasoning and arguments prepared by students based on SSI are called
informal reasoning [7, 12, 29–31], or socio-scientific reasoning (SSR) [6, 32, 33], and
socio-scientific decision making [16, 20].

Reasoning based on cognition and morality is the core of SSR [25]. However, in
providing reasoning on an issue, we still pay attention to the lowest to highest cognitive
gradations, which represent the scientific way of thinking to solve SSI problems [32].
Therefore, as part of informal reasoning, SSR has several competencies, including ana-
lyzing issues from various perspectives, skepticism, identifying aspects of SSI issues
followed up through inquiry activities, and considering the complexity of SSI issues [6,
15, 28, 32, 34, 35]. Perspective competence represents the ability to identify different
opinions on an issue [15], the ability to distinguish the views of others from their own
view, and systematically evaluate various information related to SSI issues [34], and
the ability to explain issues, provide counter-claims or counter-arguments from multi-
perspective [28]. Skepticism competence is used to analyze information that has the
potential for bias [6, 15, 28, 32, 35]. Inquiry competence is closely related to scientific
literacy, so this inquiry competence becomes an effort to solve problems through con-
tinuous inquiry [28, 32]. Meanwhile, complexity competence is the ability to identify the
complexity of SSI issues from a scientific and social perspective [32]. In this compe-
tency, students show progress from simply considering causal relationships to reflecting,
thinking, and evaluating complex and conflicting forms of information from SSI issues
[15].

Research related to SSI focuses on various issues that enable students to form rea-
soning or arguments [36]. Several previous studies on SSI have shown that SSI can help
students develop scientific literacy (SL) [15, 28] and improve students’ argumentation
skills [8, 13, 37–39]. SSI also aids students in understanding a concept and the nature
of science [6], analyzing and synthesizing problems, evaluating various pieces of evi-
dence to support an argument (reasoning), making moral decisions as the inseparable
process of ethical issues, as well as helping students to make SSR [34, 40]. SSI and
SSR function as a means of developing conceptual knowledge about science by consid-
ering non-scientific aspects of socio-scientific problems [41], but the integration of SSI
in learning seems to be difficult [29]. Thus, SSI is rarely used as a learning approach
(including in Indonesia) [42]. Meanwhile, in 21st-century education, learning should
not only focus on formal reasoning but also involve informal reasoning (moral reason-
ing), as practiced in character education [21]. The initial step to achieve 21st-century
and character education is to investigate student SSR competencies. Later, the results
of this investigation process contribute to the preparation and development of teaching
curricula (including the development of SSI-based teaching materials), especially in the
department of biology education, Mandalika University of Education. For this reason,
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this study was conducted to identify and describe the SSR competencies of prospective
biology teachers. In this study, we investigate the prospective biology teachers’ SSR
competencies and their correlation with the prospective teachers’ college semesters.

2 Method

This quantitative survey research was conducted at the Mandalika University of Edu-
cation. Survey research can be done quantitatively and qualitatively [43]. As the name
implies (quantitative survey), one of its characteristics is the quantitative data collection
and analysis [44]. A total of 62 prospective biology teachers were involved in this study,
consisting of 29 4th-semester students and 33 6th-semester students. In this study, we did
not involve 2nd-semester students because we perceived that 2nd-semester students were
still in a transitional period from high school. We also assumed that the 2nd-semester
students did not have sufficient knowledge about genetics (especially about genetic
engineering). Therefore, in this study, we only involved 4th and 6th-semester students
because these two groups of students had already received the genetics course.

In this study, we used the Quantitative Assessment of SSR (QuASSR) as the research
instrument, which focused on the GMO issue in the form of ordered multiple-choice
(OMC) adapted from [6, 32]. Each two questionnaire items represented the perspective
competency, complexity, inquiry, and skepticism. In solving the questions contained in
the QuASSR, our respondents were asked to respond to the questionnaire items while
also describing the reasons. The respondent then gave their responses along with their
reasons. Each of the respondents’ reasons was scored from the lowest (1) to the highest
(3). In investigating the prospective biology teachers’ SSR competencies, the obtained
data were analyzed descriptively. Meanwhile, in discovering the correlation between
the participants’ college semesters to their SSR competence, the data were analyzed
statistically (t-test) using SPSS 22 for windows at a significance level of 5%.

3 Results and Discussion

The SSI approach can possibly be adopted in teaching genetic engineering (including
GMO and cloning) to biology students because GMOs are the content in the genetics
course [3]. Issues related to bioethics, such as GMOs, involve both conceptual under-
standing and moral reasoning as the basis for preparing scientific reasoning [21]. There-
fore, the SSI teaching approach is constructive for prospective biology teacher to develop
their conceptual understanding and SSR competence. As stated above, the investigation
of the SSR competency of prospective biology teachers is a crucial stepping stone to
developing a teaching curriculum (including the development of teaching material based
on SSI). The results of this study are expected to contribute to the development of the
teaching curriculum. The results of our studies are summarized in Tables 1 and 2.

Table 1 shows the results of the SSR competence analysis of the prospective biology
teachers (including the average value, standard deviation, and effect size), while Table 2
shows the result of statistical t-test analysis showing no significant effects of participants’
college semesters on their SSRcompetence. This result is relatively similar to thefindings
reported by [14], that the averageSSRof dental students is not significantly different from
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Table 1. The results of descriptive analysis of SSR competencies

Semester N Mean Std. Deviation Effect size (g)

Perspective Semester 4th 29 4.07 1.223 0.47

Semester 6th 33 4.61 1.088

Complexity Semester 4th 29 4.00 1.134 0.28

Semester 6th 33 4.30 1.015

Inquiry Semester 4th 29 3.83 1.338 0.09

Semester 6th 33 3.94 1.171

Skepticism Semester 4th 29 4.21 1.048 0.06

Semester 6th 33 4.15 .939

Table 2. The results of the t-test analysis on each SSR competency based on college semester

Levene’s Test for Equality
of Variances

t-test for Equality of Means

F Sig. t df Sig.

Perspective .423 .518 −1.830 60 .072

Complexity .022 .882 −1.110 60 .271

Inquiry 2.633 .110 −.351 60 .727

Skepticism .859 .358 .219 60 .827

science and engineering students. Although the information in Table 2 could show SSR
competence between the prospective biology teachers in a different semester. However,
we can enhance the significance of this conclusion by utilizing the data in Table 1.

From the information shown in Table 1, we can see that the mean score on perspec-
tive, complexity, and inquiry competencies of 6th-semester students is higher than 4th-
semester students. Meanwhile, for skeptical competence, 4th-semester students attained
higher scores than students in the 6th semester. As described by [15] that, perspec-
tive competence represents students’ ability to use multi-perspectives in observing or
explaining SSI issues. Therefore, from the average and effect size value of perspective
competence shown in Table 1, the 6th-semester students have slightly better perspec-
tive competence than the 4th-semester students. In other words, the college semester
presents a 47% effect (has a high effect) [45] on perspective competence, indicating that
6th-semester students can view GMO issues frommulti-perspectives. To be able to view
an issue frommulti-perspectives, studentsmust separate their personal views or ego from
the problem they are assessing [34]. If students still hold on to their egos in assessing an
issue, they will face problems in observing an issue from multi-perspectives, preventing
them from having various alternative solutions. This individual perspective in reasoning
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is called egocentric (pre-conventional) reasoning, or the lowest level of reasoning in the
gradation of moral judgments [46].

Perspective and complexity competencies support other SSR competencies (inquiry
and skepticism competencies) [6]. According to [32] and [15], complexity competence
refers to the ability to identify the complexity of SSI issues, both from a scientific and
social perspective. As presented in Table 2, we do not find a significant difference in
SSR competencies (including complexity competence), but basically, the two groups of
students have a minimum difference. Table 1 showed a 28% of college semester effect
on complexity competence. Meanwhile, in inquiry and skepticism competencies, the
data presented in Table 1 suggested that these two groups have difficulty in these two
competencies, with minimum effects of college semesters on these two competencies
[45]. These results are in accordance with the findings of [32] that inquiry and skepticism
are considered difficult by students. Likewise, [41] described that most students fail in
skeptical competence. [47] also reported that skeptical competence is mainly avoided
by students and should be forced to use emotion-based reasoning.

Genetics is the most advanced science and has provided many benefits in life. In
its development and use, it is inseparable from controversy (such as GMOs). Besides,
to understand genetics, scientific and ethical understanding are required [48]. Thus, it
is not sufficient to merely employ genetic understanding to comprehend issues related
to genetics (such as GMOs) [49]. Therefore, this result implies that these two groups
of students should require further guidance to improve their SSR competence. Conse-
quently, educators must be prepared to engage in SSR if we expect students to improve
and develop their scientific literacy and SSR competencies [50]. So, in the end, they
can view an issue from multiple perspectives (related to not only lecture material but
also their authentic life issues), are able to analyze and evaluate the complexity of an
issue, and provide various alternative solutions through inquiry activities. In the end, the
prospective biology teachers are expected to apply inquiry activities to understand an
issue while also analyzing and evaluating biased information.

4 Conclusion

Our analysis results showed that the inquiry and skepticism competencies are the most
difficult competencies for prospective biology teachers. Therefore, the provision of facil-
itation should focus more on these two SSR competencies. Accordingly, we also suggest
the genetics lectures use SSI as a teaching approach to improve students’ SSR compe-
tencies (especially inquiry and skepticism). The use of SSI as a teaching approach can be
combined with an inquiry learning model. Through the inquiry learning model, students
understand the causality of phenomena by formulating hypotheses and testing them,
both through observation and experimentation. In addition, because the inquiry learning
model is combined with SSI, it is not only related to scientific reasoning but also moral
reasoning. This research was only carried out on prospective biology teacher students at
theMandalika University of Education, so it might have different results if it was carried
out on another campus. In addition, this research only investigated SSR competencies
as a stepping stone for developing teaching curricula. Further research is suggested to
examine the relationship between content knowledge and SSR competencies or develop
an instrument to measure SSR competencies.
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