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Learning strategies using Socio-Scientific Issues (SSI) are approaches that 
will meet the characteristics of 21st Century Skills (K-21) and upgrade the 
Higher Order Thinking Skills (HOTS). One of the reasons of the unfavorable 
TIMMS and PISA results in Malaysia because students’ incompetent to 
answer science reasoning question based on scientific issues that occur in 
their daily lives. SSI is a dimension that is used in the assessment of the 
Trends in International Mathematics and Science Study (TIMMS) and 
Program for International Student Assessment (PISA) which consists of the 
issue of the environment, medicine, health and genetic engineering. The 
purpose of this study is to assess the scientific reasoning level of Form Four 
science students in the biology subject based on SSI. Quantitative approaches 
surveys have been used in this study. The SSI instruments used were 
adapted. Total of 450 Form Four science students are samples used in this 
study. Findings revealed the needs of students should be discovered to levels 
of SSI reasoning approach because the results have shown that students’ 
accomplishment are still low or medium level. In addition, students are 
incompetent to relate the concepts of science and socio-scientific issues. In 
conclusion, the potential of SSI approach introduced in the research and 
development process to enable students to master the concept of science, 
achieve the objectives of learning in the biology and upgrade the Higher 
Order Thinking. One of the implication of this research is to facilitate policy 
makers in implementing Biological Education Excellence in Malaysia through 
the development of model of Scientific Reasoning Skills. 
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1. Introduction 

*In the 20th century, performance evaluation in 
education begins with the ability of students to solve 
problems in a way considering the fact that have 
been taught by teachers through the acquisition of 
the basic skills of reading, writing and counting 
(Anat and Dori, 2003). The teachers’ role at the era 
was as, the information sender to the students 
(Bransford et al., 2000). In addition, the researchers 
established successful students as a student who can 
read and given the fact the current valuation is done. 
However, responsive of the problems which arose 
beginning in the 21st century where the student is 
not be able to solve the problem through the skills of 
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reasoning. Then, the elements of reasoning and 
thinking skills are emphasized for high level, which 
acquired a student who has a critical and creative 
thinking. 

Reverse to the problems faced in Malaysia 
through findings of TIMMS and PISA, Malaysia 
positioned concurrently a country that experienced a 
slight decline among Southeast Asian States. For 
example, at PISA assessment of science in 2006, 
Malaysia is ranked 52 compared to 74 countries 
involved in the assessment. For the year 2015, this 
country are still experiencing to the same results of 
last position. Therefore, there are various 
conclusions that have been directed to this country, 
by stating the systems of school education 
unsuccessful prepare to compete, at the 
international and regional levels, especially in 
Science, Mathematics and Technology. Surprisingly, 
a report by Consultant Kestrel Education (UK) and 
21st Century School (USA) confirmed that high level 
thinking among teachers and students in Malaysia is 
very low. What is High Order thinking Skills (HOTS)? 
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The definition of HOTS from Ministry of Education in 
accordance with International Standards namely the 
Organization for Economic Co-Operation and 
Development (OECD), TIMMS and PISA, HOTS means 
the ability to apply knowledge, skills and values in 
making of reasoning and reflection for problem 
solving, decision making, innovative and able to 
create something. 

The challenges to put Malaysia on par with 
developed countries and advanced to another, a 
drastic step had been taken with the introduction of 
the Malaysia Education Development Plan 2013-
2015 (PPPM). Herein, the importance of PPPM 
thinking skills among students should be 
emphasized in order to produce students literate 
against science, mathematics and technology. This 
emphasis was equivalent with the Education 
Philosophy to produce the human capital that is 
balanced overall, and gained from a wide range of 
dimensions in terms of intellectual, spiritual, 
emotional and physical. The application of skills to 
think not only draws attention to the importance of 
acquiring knowledge, but each student is provided 
with moral and ethical knowledge to succeed in 
lifestyle especially in facing the challenges of the 
world today, across the concept of globalization. 

The main problems faced by students in Malaysia 
is, they are not capable to answer TIMMS and PISA 
questions because of the elements of high-level 
thinking skills linked with elements of reasoning in 
those questions. Furthermore, requires students to 
associate the concept of existing knowledge through 
science, science literacy knowledge in their daily 
lives. As a result of reflection crosses examine this 
TIMSS and PISA, the challenging is based on current 
issues relating to student life (OECD, 2012). As such, 
the ISS is solving approach. Approach to issues of 
socio-scientific assimilated during the teaching and 
learning process in the classroom is basically unable 
to help students develop their skills, especially in 
understanding the science terms, decision making, 
assessment, assert the evidence and make a 
summary of discussions involving issues and 
concepts of science directly and indirectly (Sadler et 
al., 2004). The approach of socio-scientific issues in 
the classroom can help catch the attention of 
students to pursue science concepts more clearly 
(Duggan and Gott, 2002). Basically, when a teacher 
demonstrates, teachers try to emphasize the concept 
of science to be on hand, unfortunately, students lack 
of pay attention because of their low existing 
experience, the concepts could not be well delivered 
causing learning objectives not achieved and make 
students do miss conception in content knowledge 
(Evagorou, 2011). 

The scholars established that socio-scientific 
issue is represented by social problems associated 
with human action that connects science concepts, 
procedures and technology that sparked controversy 
and warm discussed (Fleming, 1986; Kolsto, 2001; 
Patronis et al., 1999; Zeidler et al., 2002). Moreover, 
Bingle and Gaskell (1994), Driver et al. (1996), 
Zeidler and Keefer, (2003) revealed that SSI has 

gained prominence in science education because 
issues discussed a major role in promoting science 
literacy. Socio-scientific issues must involve the use 
of a scientific topic that requires students to 
contribute themselves in dialogue, discussion, and 
debate. These issues not only involve the 
controversial discussion, but as well as have 
additional elements that require the moral level, 
argument or assessment of ethics in the process of 
setting the decision on resolution of the possibility of 
these issues happen. In addition, the discussion of 
these issues more meaningful and significant to 
students personally to discuss. Indirectly, the 
student may submit the use of stronger evidence, 
reasoning and provides a path to understand 
systematic information (Sadler et al., 2004; Zeidler, 
2003). 

The objective of this study is to assess the 
mastery level of scientific reasoning and science 
students associated with the high level thinking 
skills-based students to SSI. Significantly, identifying 
the mastery level of the student, a model of scientific 
reasoning will be built to assess constructs a 
correspondence 'Goodness of Fit' that influence 
towards reasoning scientific students and expected 
potential SSI approach introduced in the R&D 
process to enable students to master the concept of 
science, meeting the objectives of learning in the 
subject biology and upgrade the High Thinking Skills 
Level. The implications of this research can facilitate 
policy makers in implementing biological education 
in Malaysia. 

1.1. Reasoning and biological subjects based on 
SSI  

In the description of the form four Biology 
Syllabus has emphasized scientific and skills in 
critical-thinking skills. So, to link, each topic taught 
to narrate to the skills to be achieved. Then, the 
approach of SSI is introduced because this approach 
not only requires reasoning theories, but makes the 
students critically thinks by implementing 
communication skills as debating. There are many 
topics that can be linked with the socio-scientific 
issues in subject. Four among them have been 
identified, which are chemical composition within 
cells, Organization Cell Nutrition, Dynamic 
Ecosystems and Endangered Ecosystems. 

In this regard, every discussion or arguments 
involving socio-scientific issues demand the 
elements of reasoning and analysis skills. Scientific 
reasoning should be applied to students because of 
the mastery of these skills enable to them become a 
professional scientist. According to Newmann 
(1990), students whom exposed to high-level 
thinking can challenge themselves to interpret, 
analyze or manipulate the information given by the 
teacher. The mastery of scientific reasoning is a skill 
that requires students to elucidate every issue 
occurrence, and every explanation requires to 
scientific evidence. If each answer is analyzed and 
accompanied by evidence, then the student has 
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mastered the level of scientific reasoning. In 
investigating matters relating to issues of socio-
scientific, reasoning deductive or informal reasoning 
is used because it involves the submissions rather 
than to analyst data simply (Sadler et al., 2004). 
Meanwhile, the questioning of SSI is different from 
the questioning of other science concepts, more 
structured and the difficulty debated is the solution 
that has a variety of perspectives. In contrast to 
formal reasoning, or reasoning inductive, each 
solution through discussions involving problem 
solving more complex (Kuhn, 1991; Means and Voss, 
1996; Perkins et al., 1991). In an article by Zohar and 
Nemet (2002), they explained the concept of 
scientific reasoning involves thinking need to cause 
and effect, the pros and cons, pros or cons, motion-a 
motion to resolve problems or other alternatives. 
This is in line with the questions addressed in this 
study in which requires students to reasoning and 
analyzes the answers provided by them. In addition, 
SSI involving reasoning can increase understanding 
of science concepts taught, so instead if reasoning 
less, subsequently a science concept is also low 
(Tytler et al., 2003; Fleming, 1986; Hogan, 2002; 
Zeidler and Schafer, 1984). 

1.2. HOTS and reasoning skills in 21st century  

If formerly teachers often thought that mastery of 
HOTS and reasoning will solely occur in exceptional 
students merely, while moderate and weak could not 
be qualified of master the basic facts (Zohar et al., 
2001). According to the Bloom taxonomy, students 
are skillful in analyze, synthesize and evaluate is 
students who have high level thinking while students 
who are able to commit to memory and reproduce 
the fact remembered by them are categories of 
thought the low level. 

Every human being has a variety of different 
ways in decision making. Everything is based on 
sources that are searched and known. As shown in 
the 'Model' Reflective Judgment that everyone has an 
understanding and knowledge of different natural. 
Then, this person will make the reflection and the 
justification of knowledge. Table 1 shows a 
comparison between the reflection models (Piaget, 
1972; Perry, 1999; King and Kitchener, 1994) which 
involve scientific reasoning. 

 
Table 1: Comparison models of scientific reasoning were 

adapted from Peter (2014) 

RS Level Piaget Perry 
King and 
Kitchener 

Low Concrete Dualism Pre-reflective 
Medium Transitional Multiplicity Quasi-reflective 

High Formal Relativisms Reflective 

 

Recently, problem solving associated with the use 
of information technology to obtain procedure 
resources, enhance in the debate or discussion. 
Significant study was done by NCREL (2003), 
defining 21st Century skills as very significant skills 
in students to fit into the rapid transform almost. 
21st century skill is very influential in produce 

students and employees to meets the requirements 
of the industry. Paradigm shift needs to be 
immediately implemented in the educational system 
to ensure that such skills are dominated by 
educators and students so that they may be served 
with more comprehensive and continuous. 
Therefore, the education system needs to 
understand and appreciate the skills of the 21st 
century to be applied into the academic context as a 
whole. Partnership for 21st Century Skills says 
between the characteristics of the students of the 
21st century is to have and master 1) Reasoning 
skills, 2) Problem-solving skills, 3) Communication 
skills and 4) Collaborative Skills. 

2. Methodology 

This study uses the quantitative method in the 
survey of 450 students’ science form four. Set of 
instruments that were used in this study was in the 
written test form to assess scientific reasoning 
science students’ level. This instruments form has 
three different scenario discusses the socio-scientific 
issues of adaptation. According to Bell and Laderman 
(2003), this instrument has been through the 
validity process of the six experts namely four 
teachers and two scientists. The scenario is common 
and can be questioned is answered by students 
stating the reason for decision making, in addition to 
save time during the actual administrative process 
later. This instrument refers to the dimensions of 
reasoning which consists of three scenarios, for 
scenarios I (climate change) and II (Nutrition) there 
are five sub questions and for scenario III (smoking 
and cancer) there are 3 sub questions. Table 2 shows 
the example question scenario III through the issue 
of smoking and cancer that are administered to 
students.  

To analyze scientific reasoning questions to 
students, rubric analysis submissions in complex 
reasoning have been implemented (Tal et al., 2013; 
Zohar and Nemet, 2002). Table 3 shows the scored 
and scheme answers for student reasoning. This 
focused response students Rubrics who support 
their argument by stating each justification and 
explains its mechanism. 

Rubric given score will refer to the scientific level 
score of reasoning. Score this same level of reasoning 
with research carried out by Perry (1999), King and 
Kitchener (1994) which involves scientific 
reasoning. Scheme of scoring in determining the 
level of scientific reasoning is as shown in Table 4 
(Lawson and Wollman, 2003). 

3. Results and discussion  

Data shows the level of scientific reasoning of 
form four students who take the Biology Subject is 
still low. A total of 78% (351 students) answer the 
scenario given is in low level; while 19% (85 
students) were in moderate and only 3% (14 
students) are in high level (Table 5). 
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Table 2: Examples of scientific reasoning questions for scenario III 

Scenario 
III 

Many researchers believe that smoking accounts for a large proportion of all cancers and as much as 30% of all cancer deaths. Cigarette smoking has 
specifically been implicated as the cause of cancer of the lung, oral cavity, larynx, esophagus, bladder, kidney, and pancreas. Additionally, the risk of 

developing cancer is greater for people who smoke more and who start smoking at a younger age. Furthermore, researchers believe that smoking may 
be the cause of 25–30% of all heart disease. Exposure to passive tobacco smoke is very likely a significant cause of cancer in non-smokers. Some 

scientists believe that the increased risk could be as high as 50%. It has been estimated that thousands of people die each year due to exposure to 
passive cigarette smoke. Recently, nicotine in cigarette tobacco has been identified as a drug whose addictiveness exceeds that of opium and heroin. In 
addition to this, documents have come to light that indicate that some tobacco companies have used a variety of methods to increase the amount and 

potency of nicotine in cigarette tobacco. Finally, it has been shown that many people begin smoking as teenagers, and once started, have a very difficult 
time quitting. In contrast to these claims, tobacco companies have consistently asserted that while tobacco may be associated with increased risk for 

various cancers and heart disease, it has never been proven to cause these diseases. Furthermore, to smoke or not is a free choice that should be up to 
the consumer, not government agencies. 

 

Sub 
questions 

3a. Given the reported dangers of cigarette smoke and its addictiveness, should legislation be passed that would make cigarette smoking illegal? Why 
or why not? 

3b. Would you support legislation that makes it more difficult for minors to obtain cigarettes and/or penalizes tobacco companies who target minors 
in their advertising? Why or why not? 

3c. Do the alleged dangers of passive cigarette smoke justify banning smoking in public places such as restaurants and bars? Why or why not? 

 
Table 3: Shows the score and scheme answers to students' reasoning (Zohar and Nemet, 2002; Tal et al., 2013) 

Scenario Score Reasoning Score 

I, II and III 

0 No answer or No justification in context of question 
1 One justification of decision: mechanism unelaborated 
2 Two or more justifications of decision: mechanisms unelaborated 
3 One justification of decision: mechanism explained with examples 
4 Two or more justifications of decision: one mechanism explained 
5 Two or more justifications of decision: multiple mechanisms explained 

 

This outcome in line with some other findings 
that show that Malaysian students in schools and 
universities is weak in scientific reasoning skills. The 
results of this study shown Malaysian students has 
less capable of high level scientific reasoning than 
students in the United States. This decision is very 
significant is it different because at the 20th Century, 
other countries such as the United States has set the 
level of reasoning scientific students. Study of 
Lawson and Wollman (2003) at the age of 16 years 

reported that 22% of respondents have a high level 
scientific reasoning, 59% are at moderate and 19% 
at a low level. 

 
Table 4: Shows a scheme of the score and the level of 

scientific reasoning 
Score The Level of Scientific Reasoning 

0-1 Level 1 (low-pre reflection) 
2-3 Level 2 (moderate-quasi reflection) 
4-5 Level 3 (high-reflection) 

 
 

Table 5: Number of percentage according to the level of students' scientific reasoning 
Score The Level of Scientific Reasoning The Number of Students Percentage (%) 

0-1 Level 1 (low) 351 78 
2-3 Level 2 (medium) 85 19 
4-5 Level 3 (high) 3 3 

 

In addition, the pattern of answers obtained from 
students shown they use the knowledge contained 
within the confines, and they only managed to 
comment on the confines of the scenario given in the 
questions only. They dominate the pre-reflection 
stage only (level 1). For example the question 
presented; 

Given the reported dangers of cigarette smoke 
and its addictiveness, should legislation be passed 
that would make cigarette smoke illegal? Why yes or 
why not?” Students simply replied, "Yes, it is 
necessary because smoking may increase mortality." 

Students' answers with do not reflect the context 
of reasoning that requires to justification, data on the 
number of deaths and the mechanism of death or 
how smoke happens. Stage of quasi reflection and 
reflection is not happening on this student. They lack 
knowledge and understanding of their associates in 
decision making. According to Sadler et al. (2004), 
training debate needed in problem solving involving 
levels of reasoning. When analyzing individual will 
use the knowledge gained from other sources and 
provide evidence to strengthen all the knowledge 
discussed.  

Also in this study, researchers have also measure 
the difference in comparison to decide in which 
category did not answer directly 6% (27 students) or 
answered "Yes" and "No" as much as 3% (14 
students), then the comparison is to decide "Yes" 
84% (378 students) or "No" 7% (31 students) only. 
Table 6 shows a comparison of the results have been 
answered by the students. Answer "Yes" or "No" 
does not show an error to the students but the 
students how to justify and response mechanisms 
are taken into account to determine the level of 
student RS. 

The result of this analysis shows students 
without any problems support and reaches 
agreement to each of the questions asked, to match 
the findings of Bell and Laderman (2003), where 
students continue to set an agreement with the 
scenario given, just that distinguishes it is the level of 
reasoning students when answering the questions 
given. Thus, to get the answer a student who has the 
consent and have reflection, then a strategy of socio-
scientific issues should be disclosed to students who 
take the subject of biology in order to improve the 
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content, concepts of science and make reflection (Zeidler and Nichols, 2009). 
 

Table 6: Shows a comparison in a decision making 
Category of Decision Number of Students Percentage (%) Note 

No answers 27 6 No need to analysed 
“Yes” 378 84 Analysed 
“No” 31 7 Analysed 

“Yes” and “No” 14 3 No need to analysed 
Total 450 100 - 

 

4. Conclusion 

To sum up, in order to produce students who 
have reasoning skills and higher level thinking, 
students need to be exposed to reasoning skills in 
classroom or teaching approach. Strategy of SSI is 
very suitable taught to students in the biology 
subject, as a result of the discussions and decisions 
made are able to make students, more focused, 
reflection of making skills corresponding to current 
issues in their daily lives. Zimmerman (2005) 
stressed it is important to carry out fundamental 
research related to understanding scientific 
reasoning skills among students that can be used to 
build a better teaching model. Indirectly, to expose 
students to become familiar reading questions and 
answers with more resourceful. In order to produce 
excellent students in this reasoning, especially in 
making reflection, strategies and approaches, 
discussion of SSI needs to emphasize so that 
students is not only can find answers to a problem 
and solving decision-making but can practice in their 
daily life. Its hope that these SSI strategies can be 
applied in biology curriculum and can be translated 
in the form of modules for the use of teachers and 
students. 
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