Enhancement of Biological Literacy and Critical Thinking of Biology Student Teachers Through Socio-biological Case-based Learning
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Abstract. Biology is a leading science in the 21st century and becomes a foundation in our daily lives. Biological literacy is defined as the ability to use knowledge of biology, to identify questions, to draw conclusions based on the evidence, and to explain and to predict biological phenomena in order to address issues regarding nature. Students and biology student teachers need to be equipped with biological literacy skills. This researchaimed at determining the effect of socio-biological case-based learning model to biological literacy ofbiology student teachers, compared with the traditional learning (lecture-based learning). Socio-biological case-based learning is a modelof problem-based learning by placing biological cases as a foundation of problem to be solved through a series of investigative activities. This was a quasi-experimental research conducted at the Department of Biology, State University of Malang. The research sample was the first year students who programmed the General Biology course, consisting of 32 students as a control group and 33 students as the experimental group. This research was conducted in September-December 2015. The data were collected from the pretest and posttest of biological literacy. The data were analyzed using ANCOVA and LSD test. The results showed that there was a significant difference of biologicalliteracy scores between the students taught by using socio-biological case-based learning and those taught by using lecture-based learning. The corrected mean of test scores of biological literacy of socio-biological-cased-based learning students was 68.29, higher than the score of lecture based learning students. The results of this research indicated that the socio-biological-cased-based learning  could enhance the biological literacy. 
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INTRODUCTION

Students are more motivated to solve real problems and to show preference for learning activities through a process of thinking and working, rather than just learning by listening (Lombardi & Oblinger, 2007). Educators also believe that learning by doing is an effective learning process. The learning that should be implemented is the authentic learning that focuses on real-world problems, complex problems and their solutions, using modeling, problem-based activities, case studies, and participation in communities of practice. 
Teaching science is to give the experience of discovering science concepts through the scientific process, connecting the science with technological advances and their impact on society, not just about ensuring science education to produce the next generation as an excellent scientist. Science education should educate the next generation to become good citizensso that they can use their knowledge of science to advance their own lives and to participate effectively in the democracy (Nurse, 2016). Science education should help people to have adequate knowledgeso that they can make informed choices, to be better involved in the development of science and technology, and to supplement their knowledge with science which is required to be able to work in the knowledge-based economy. 
Science literacy and critical thinking are key components of science education which aims at preparing the future generations to be able to think and function as responsible citizens in a world increasingly influenced by science and technology (Vieira & Tenreiro-Vieira, 2014). In science learning, students are actively involved in promoting science literacy and critical thinking that may trigger the need to build and develop the knowledge, attitudes/values, thinking ability, fostering the ability to take responsible action in the context and circumstances in accordance with their lives and social environment. 
Science literacy is the key goal of science education in schools (UNESCO, 2010). In higher education, science literacy and critical thinking are a phrase that has become policy initiatives and educational purposes today (Salamon, 2007). Science literacy is one of the goals of science education (DeBoer, 2000). A science literate person is a person who, (1) is familiar with the natural world, (2) understands some of the key concepts and principles of science, (3) is able to use the way of thinking of science, (4) understands the importance of the relationship between science, math and technology, and (5) is concerned with the impact of science and technology on society (Rosemane & DeBoer, 2010; Archer-Bradshaw, 2014). 
Critical thinking is a required skill in the 21st century (National Education Association, 2014). Critical thinking is one of the key skills needed in the working world at the moment, in addition tothe group workability, and innovative and creative thinking (Lombardi & Oblinger, 2007). Critical thinking is an essential learning outcome for higher education learners (Perry, Retallick, & Paulsen, 2014). Critical thinking is a complex thinking process that involves higher cognitive processes in information processing to produce new thinking (Choy & Cheah, 2009). Critical thinking is a mental activity which is composed of three types of thinking: reasoning, making judgments and decisions, and problem solving (Willingham, 2008). Furthermore, it is said that critical thinking is not solving problems using a manner or a way that has been remembered, but using new ways. The process of critical thinking to solve problems requires various components of skills, analyzing arguments, making inferences using inductive or deductive reasoning, judging or evaluating, and then making decisions or solving problems (Lai, 2011). 
Research showed that many students could not think critically because their teachers could not integrate critical thinking into their instructional practices everyday (Choy & Oo, 2012). The efforts to improve the critical thinking ability and scientific literacy are not only for students but also for teachers and student teachers. Therefore it is necessary to integrate critical thinking skills into the curriculum, which trains the science teachers to become critical learners and able to manage teaching that to foster critical thinking and science literacy. Critical thinking skill builds the foundation of students’ thinking so that they are ready to enter the world of professional practice. 
Over the years many models of curriculum and the learning process have been researched and developed to improve the quality of science education, in which  all of these models are associated with building science literacy (Lederman, Lederman, & Antink, 2013), and critical thinking (Masigno, 2014). (Lederman et al., 2013) proposed a learning process to build science literacy through scientific inquiry, including traditional science process, namely observing, inferring, classifying, predicting, measuring, questioning, interpreting and analyzing the data; but also refers to the combining of these processes with scientific knowledge. Several studies have shown that the problem-based learning (PBL) method promotes relevant professional skills as well as critical thinking and lifelong learning (Carrió, Larramona, Baños, & Pérez, 2011). 
The research results showed that PBL was an efficient learning strategy to develop or enhance critical thinking in biology (Masigno, 2014). PBL is also a learning strategy that must be mastered by the teachers. Teachers who have the mastery of PBL are capable of promoting critical thinking, collaborative learning, and self-regulated learning (Goh, 2013). PBL is a student-centered learning method that has been implemented in many courses around the world for over four decades. PBL has a positive impact on students’ learning and stimulates students to become lifelong learners. 
Higher education institutions often face the challenges of examining and assessing students' critical thinking abilities. Wagner (2014) identified problem solving, accessing and analyzing information, effective oral and written communications, and curiosity and imagination among a set of skills that students need to be successful in the changing higher education environment. These four skill areas align with the broad domains of the critical thinking assessment instrument utilized in this research, the Critical Thinking Assessment Test (CAT), (a) evaluate and interpret information, (b) problem solving, (c) effective communication, and (d) creative thinking (Perry et al., 2014). 
The problems of biological literacy and critical thinking require an effort to overcome the problems with the application of learning models to improve the biological literacy and critical thinking of Biology students. Socio-Biological Case-based learning is a model needed to improve science literacy and critical thinking skills of students. Socio-biological case-based learning is a modified version of problem-based learning model.The socio-biological case-based learning is an instructional model emphasizing on case-based learning that the students solve with an investigation to find the solution to the case. 
Nguyen (2009) states that the implementation of problem-based learningis important in higher education because it is effective to be combined with the work competition of the 21st Century. Research by Baharudin & Jamaludin (2014) found that PBL learning maximally helped improve students’ critical thinking skills and cognitive learning outcomes. Research by Hairida (2016) concludes that science learning by using inquiry-based modul with authentic assessment is effective to develop students’ critical thinking  The research by Illingworth, Burke, & Butler (2012) revealed that biological literacy of science students was higher than that of non-science students. The research (Zeidler, Sadler, Simmons, & Howes, 2005) showed that the students who used case-based learning achieved a high learning outcome. The lecturer who implemented case-based learning improved students’ thinking ability as much as 40% using up to datecases (Hasslöf, Ekborg, & Malmberg, 2014). PBL is a learning method using a scientific approach. The scientific method is a way of learning or a process of using the comparative critical thinking (McLelland, 2006). 
PBL using socio-biological cases that exist in the environment of the society gives the students the ability to think critically. A case study to engage students, a well-designed case requires analysis, problem-solving, decision making, and justification (Barkley, 2010). Case-based learning is a pedagogical method that uses case studies as active learning tools, especially in the biological sciences (Rybarczyk, Baines, McVey, Thompson, & Wilkins, 2007). Observations reported in other studies indicate that CBL provided the opportunities for developing and practicing high-order thinking and collaboration skills. CBL in science is an effective approach for students to learn the biological processes in relevant real-world contexts and results in significant learning outcomes. CBL leads to long-term content retention, and how best to design case studies to more effectively address misconceptions (Rybarczyk et al., 2007). 
The efforts to improve biological  literacy competence were not only for the students but also for the teachers and student teachers. The research about implementation of teaching strategies on students’ scientific literacy have been reported. Ardianto & Rubini (2016) showed that problem based learning is an instruction strategy that can improve students’ scientific literacy.  The implementation of the STEM-based virtual lab developed scientific literacy of students (Ismail, Permanasari & Setiawan, 2016). 
The improvement of biological literacy skills for the prospective biology teachers also means preparing student teachers who will teach biological literacy for students in elementary and secondary schools. To promote biological literacy, it is necessary to examine thesuitable learning strategies, that is the learning strategy which teaches  the students to conduct an investigation on a socio-biological issue (Illingworth, Burke, & Butler, 2012). 
Teachers teaching critical thinking to the students are very important in education so that it can be used in their daily lives by using the skills they possess (Sendag & Odabasi, 2009). Critical thinking includes analyzing information, applying the strategy to make a decision, expressing ideas, using logical inquiry, making inferences, assessing facts, testing conclusions, and analyzing the probable assumptions that may arise. Critical thinking is a model of thinking about some subject contents or problems that a thinker uses to improve his thinking quality through his ability to speak to change the structure inherent in thinking and demonstrates high standards of intellectual (Greenstein, 2012). Based on the results of the initial data collection in August 2015, the biological literacy of the first-year students with the sample of 67 students, was still relatively low. This is supported by the collected data that only 6 out of 67 students passed the passing grade of 60 scores. Based on this report, efforts are needed to overcome the problems with the implementation of learning models to improve the students’ biological literacy and critical thinking. Socio-biological case-based learning is a model needed to improve the students’ scientific literacy and critical thinking skills. Socio-biological case-based learning is a modified version of the problem-based learning. Socio-Biological case-based learning is an instructional model emphasizing on casebased learning that the students resolve through a process of investigation to find the solution to the case. 
Nguyen (2009) states that the implementation of problem-based learningis important for higher education because it is effective to prepare graduates to compete in the world of work in the 21st century. Research by Baharudin & Jamaludin (2014) revealed that PBLlearning helped improve students’ critical thinking skills and cognitive learning outcomes maximally. The research results Zeidler, et al., (2005) showed that the students who used case-based learning achieved higher scores in discussing the case of global warming. The lecturer who implemented the case-based learning improved students’ thinking ability by 40% with the up to datecases. 

METHOD

This research used a quasi-experimental approach and nonequivalent control group pretest-posttest design (Creswell, 2012). This research aimed at determining the effect of socio-biological cased-based learning (SocBioCBL) on critical thinking skills and biological literacy of biology student teachers. The independent variables were teaching strategies consisting of SocBioCBL and lecture based learning (LBL). The dependent variables were students' critical thinking skills and biological literacy. This research was conducted in the odd semester of 2015/2016 academic year (September-December 2015) in the General Biology course. 
This research was conducted at the Department of Biology, State University of Malang, Indonesia. The total sample of this research was 62 students. The number of students in the treatment class (SocBioCBL) was 33 students, and the students in the control class were 29 students. The experimental class was taught by using SocBioCBL learning, while the control class was taught by using a Lecture Based Learning (LBL). Prior to the research, both groups were tested for the equality, and the results showed that the learning outcome was equal.
SocBioCBL and LBL Learnings were implemented for 12 weeks at the General Biology course in two different classes. Learning topics in both strategies were similar, namely Basic Concepts of Biology and History of Life, Cell as System and Its Role In the advancement of Biology, Biodiversity, Growth and Development of Plants, Anatomy of Animals and Their Relation with the Physiology Process, Systems In Living organisms, Immunity Systems and Bioprocess, Growth and Development of Animals, Inheritance, Evolution, Ecology, Microbiology and Biotechnology. 
SocBioCBL Learning uses the stagesof problem-based learning according to Arends (2012) which has been modified, namely orienting the students to socio-biological problems, organizing students for study, assisting group investigation, developing and presenting artifacts and exhibits, and analyzing and evaluating the problem-solving process. 
The research data were collected through a pretest and posttest. Biological literacy was measured using biological literacy tests, a multiple-choice test consisting of 20 items. The key indicators of biological literacy were adapted from the science literacy indicators referring to Gormally, Brickman, and Lut (2012), namely understanding methods of inquiry that lead to scientific knowledge; and organizing, analyzing, and interpreting the data and scientific quantitative information. Critical thinking skills test referred to the indicators according to Greenstein (2012), namely making a conclusion based on the evidence, formulating assumptions, deducing, interpreting, and evaluating arguments. 
To determine the differences between critical thinking skills and scientific literacy, the data of the pretest and posttest were then analyzed by using Analysis of Covariance (ANCOVA) and Least Significance Difference (LSD) test. The data were previously performed the prerequisite tests namely, the normality test using one-sample Kolmogorov-Smirnov test and homogeneity test using Levene's Test of Equality of Error Variances. 

RESULT

BiologicalLiteracy

The data of biological literacy were collected from the pretest and posttest. On the LBL learning, there was a decrease in the mean score of biological literacy as much as 12.79%, while on the SocBioCBL learning, the mean score of biological literacy increased as much as 32.81%. The description of the mean score ofbiological literacy in the pretest and posttest at LBL and SocBioCBL is presented Figure 1. 





FIGURE 1. The meanscore of students’ biologicalliteracy

The data of biological literacy were analyzed using ANCOVA to know the difference of biological literacy between the students taught by using SocBioCBLlearning model and those taught by using lecture based learning.The summary of ANCOVAof biological literacy data is presented in Table 2. 

TABLE 2. Summary of anacova of biologicalliteracy data

	[bookmark: table01]Source
	Type III Sum of Squares
	Df
	Mean Square
	F
	Significance

	Corrected Model
	20090,990(a)
	2
	10045,495
	115,806
	,000

	Intercept
	7569,573
	1
	7569,573
	87,263
	,000

	Literacy
	166,420
	1
	166,420
	1,919
	,171

	Model
	13007,059
	1
	13007,059
	149,948
	,000*)

	Error
	5117,893
	59
	86,744
	
	

	Total
	195550,820
	62
	
	
	

	Corrected Total
	25208,884
	61
	
	
	


*) Significance at p <0.05

The results of ANCOVA show that there was a difference in the biological literacy between the students taught by using SocBioCBLlearning model and those taught by using lecture based learning. In the hypothesis testing of biological literacy data, the corrected mean of biological literacy was also calculated (Table 3). Based on these calculations, the corrected mean of students’ biological literacy with SocBioCBLmodel was 17.10 higher than that of students’ biological literacy withlecture-based learning model. Based on these calculations, the biological literacy of the students taught by using SocBioCBL learning model was significantly higher than that of the students taught by using lecture based learning.

TABLE 3. The mean corrected of score biologicalliteracy

	Model
	Pretest
	Posttest
	Difference
	Mean corrected

	Lecture based learning
	38,18
	33,29
	-4,88
	34,35

	SocBioCBL
	52,12
	69,22
	17,10
	68,29


	
[bookmark: table02]SocBioCBL improved the students’ biological literacy in that the students recognized the biological case problems, searched for information that underlied the case, proposed a hypothesis in solving the case, investigated, and resolved issues arising from the case. The students analyzed the truth of the biological cases with reference to the correct scientific information. The questions arranged in the case paid attention on the students’ ways of thinking, so that these questions helped students solve the science problems in everyday life. For example in the biological case of the use of alcohol in drinks. The students assessed whether alcohol gave a sense of warmth to the body. The students analyzed whether the information was correct by using the research data. After finding the best solution for the cases, the students spread the information that alcohol did not give a sense of warmth in the human body. 
The students who learned by SocBioCBLcould assess a case based on the correct scientific arguments. Using a valid argument is one indicator of literacy which is very important as a basis of scientific thinking. In biological literacy, students learned to distinguish science or non-science phenomena of biological case presented. 

Critical Thinking Skills

[bookmark: graphic05]The data of critical thinking skills were analyzed for the increase of the mean score of pretest and posttest. At LBL learning, there was an increase of 62.88% while at SocBioCBL the increase was 74.03%. The mean of the critical thinking skills of pretest and posttest of the students taught by SocBioCBL and LBL learning can be seen in Figure 2. 













FIGURE 2. Meanscore of students’critical thinking skills

The classes which implemented the SocBioCBL learning model had more dominant critical thinking skills on the indicator of drawing conclusions, assumptions, and evaluating arguments. The indicator of drawing conclusion got 74.24%, assumption 52.52%, deduction 44.44%, interpretation 34.85%, and argument evaluation 60.10%. The classes implementing the LBL achieved on the indicator of drawing a conclusionas much as 53.94%, assumption as much as 52.73%, deduction as much as 47.88%, interpretation as much as 41.21%, and argument evaluation as much as 48.49%. The differences in the scoring of each indicator are presented in Figure 3. 


[bookmark: graphic06][image: ]

FIGURE 3.Achievement indicators of critical thinking at LBL and SocBioCBL

The data of students’ critical thinking skills on the pretest and posttest were analyzed using ANCOVA. The summary of ANCOVAon the data of critical thinking skills is presented in Table 4. 

TABLE 4. Summary of ANCOVAon the data of critical thinking skills

	[bookmark: table03]Source
	Type III Sum of Squares
	df
	Mean Square
	F
	Sig.

	Corrected Model
	2156,237(a)
	2
	1078,118
	15,964
	,000

	Intercept
	11831,243
	1
	11831,243
	175,188
	,000

	XC.Thinking
	729,116
	1
	729,116
	10,796
	,002

	MODEL
	34,458
	1
	34,458
	,510
	,008*)

	Error
	3984,537
	59
	67,535
	
	

	Total
	330146,000
	62
	
	
	

	Corrected Total
	6140,774
	61
	
	
	


*) Significance at p <0.05 

The results of the ANCOVA showed that the probability value of the learning model was 0,008, so that H0 was rejected and the research hypothesis was accepted. It means that there was a difference in the critical thinking skills of the students taught by using SocBioCBL and those taught by using lecture based learning.The corrected mean of the critical thinking skills in the pretest and posttest is presented in Table 5.

TABLE 5. The corrected mean of critical thinking skills

	[bookmark: table04]Model
	Pretest
	Posttest
	Difference
	Mean Corrected

	Lecture based learning
	28,96
	47,17
	18,21
	51,12

	SOCBIOCBL
	49,87
	86,79
	36,92
	73,32



Based on these calculations, the corrected mean of the critical thinking skills of the students taught by using lecture based learningwas 51.12 and the corrected mean of the critical thinking skills of the students taught by using SocBioCBLwas higher, which was 73.32. The students implementing SocBioCBL learning method and lecture based learning increased by 74.03% and 62.88% respectively. The data showed that the critical thinking skill of students with SocBioCBL learning model was significantly higher than that of the students with lecture based learning.

DISCUSSION

The challenges of the teaching and learning process in accordance with the purpose of higher education and the challenges of the 21st century arefor the students to have global life skills. The skills that the students must have are science literacy skills and critical thinking skills (Dani, 2009).Teachers should teach critical thinking skills to the students, because critical thinking skill is used in everyday life (Sendag & Odabasi 2009 ). According to Paul & Linda (2007), critical thinking encouraged students to select cases and solve them using various ways. 
Science literacy and critical thinking can be developed using the appropriate learning strategies. Learning models or learning strategies to develop science literacy train the students to read critically, to write ideas, and to discuss ideas (DeBoer, 2000). Socio-Biological Case-based learning is the development of problem-based learning, by presenting the biological problems that are happening today in our daily lives. Problem-based learning is a student-centered learning model that uses problems as a foundation for learning to solve problems through a series of work activities and scientific thinking. 
The results of the data analysis showed that SocBioCBL improved students’ critical thinking skills and biological literacy. Research conducted by Cahyarini, Rahayu, & Yahmin (2016) showed that the instructional model of Socioscientific Issues can improve critical thinking on acid-base. The improvement of students’ critical thinking and biological literacy was because SocBioCBL learning model familiarized the students to analyze cases and to process information that was considered correct, effective and productive. Barret (2005) revealed that the students taught using case analysis would explain the facts in the case, and define the problems. 
According to Bybee et al. (2009) developing someone’s science literacy can be done by identifying questions, connecting background knowledge and new knowledge, explaining the phenomena that occur in accordance with science, illustrating the fact between science and related issues. On SocBioCBL learning model, the students were taught using cases which were presented in questions. After that, the students searched for the best solution to the cases. According to Champagne (2009), teaching science to students should balance the teaching oftheories and field practices which involves the identification of facts, explanation and investigation. 
The challenges in problem solving learning through cases are on the teachers’ ability to select and expose biology-based cases in society. Cases are descriptions of a story which are rich of problems, knowledge and skills that are used to encourage students to think, so that it can help them thinkto solve the problems (Lee & Jieun, 2009). According to Delisle (1997), the formulation of problems in the PBL must be adapted to the students’ skills, so that the students will be easier in solving the problems presented by the teacher. Thus, the success of PBL depends on the problem selection by the teacher. Teachers can formulate problems by developing an interesting form of questions for the students. 
In problem-based learning, lecturers act as facilitators to monitor the increase of students’ thinking skills (Wee, 2004). The facilitator encourages the students to think creatively and critically in finding the best solution to the problems, ranging from less structured to complex problems (Hmelo-Silver, 2004). Learning to recognize the biological case in the social context and investigating to solve problems can foster critical thinking skills and biological literacy. 

CONCLUSION

Critical thinking and literacy are necessary skills in today's global century. The results of the research showed that the socio-biological cased-based learning increased the students’ critical thinking skills and biological literacy. The challenges in the implementation of this strategy are the teachers’ creativity in identifying socio-biological cases that need a solution faced by the society everyday. Problem solving requires the teacher to serve as a facilitator to enable students to actively think and act. 
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