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Abstract

In recent years, teaching based on socioscientific issues (SSIs) is being
adopted to promote scientific literacy. In this review study, we discuss the
importance of SSl-based teaching and controversial issues surrounding it. Next,
we present an instructional framework and discuss strategies and models for
SSl-based teaching. We conclude with our observations for two types of SSl-based
teaching adopted for tenth-grade students. Importantly, this study covers the
keystones of SSI-based teaching, such as how SSIs can be explained and taught
in classrooms from the perspective of science. Thus, our study has key implications
for science teachers and related practitioners.
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1. Introduction

The rapid development of science and technology worldwide has given
rise to various socioscientific issues (SSls) in which social dilemmas are closely
related to science (Kolstg, 2001). In this study, we use Thailand as a case study
given its rapid scientific and technological change over the past 20 years and
resultant social dilemmas. For example, in 2012, Thailand’s government proposed
the construction of a dam in Mae Wong National Park to ensure adequate water
supply to local communities. However, it was estimated that the dam would
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eliminate approximately 17.6 square kilometers of low-lying forest land in the
park, resulting in a loss of habitat for many animals including Thailand’s tigers.
Conservationists argue that without an appropriate study of the potential
environmental impact of the dam, Thailand can lose one of its most abundant
forest regions (Vipoosanapat, 2014). Another SSI is the conflict between wild
elephants and farmers. As farmers clear forests to build homes and plant crops,
wild elephants are often displaced and forage for food in the farmers’ fields,
especially during periods of drought or food shortages within the forested regions
(Wipatayotin, 2015). With elephants leaving the forest in search for cultivated
food sources, conflicts between the elephants and humans have become more
prevalent, such as attacks on tourists in the nearby Khao Yai National Park. The
common dilemma between both these issues is human need versus the
conservation of Thai resources. To this effect, the lack of understanding about
interactions between social and scientific needs can result in feelings of fear,
anger, and distrust toward the scientific community (Hodson, 2008).

To cope with these problems, it is important establish and strengthen the
relationship between SSI curricula and the learning of science content. Doing so
can enable students to exercise their scientific literacy by applying their
understanding of science to contribute to public debates and make informed
and balanced decisions about SSIs and their impact on human life (Sadler,
Barab, & Scott, 2007). In the following sections, we focus on the use of SSI-based

teaching as a powerful teaching approach to develop scientific literacy.

2. What are socioscientific issues?

Social issues left unresolved (Oulton, Dillon, & Grace, 2004) and clearly
dividing groups that advocate conflicting explanations or solutions on the basis
of alternative values (Stradling, 1985, p.9) are generally termed controversial
issues. Levinson (2006, p.248) claims that addressing such controversial issues in

a classroom can help increase awareness about ethics, economics, company
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law, politics, scientific norms, and anthropology, notwithstanding emotions
generated by the discussion. In general, society can be easily divided given the
various factors influencing decision making regarding controversial issues. For
example, religious beliefs can affect an individual’s decision about abortion or
gay marriages (Oulton, Dillon, & Grace, 2004).

While several controversial issues directly stem from social conflicts, many
others are based in science, particularly given the rapid development in the field.
For example, genetic engineering is a highly developing area that includes both
scientific and social aspects. While some support genetic engineering studies,
since it can resolve many genetic diseases, many others oppose the idea because
it contradicts moral values and religious beliefs. This can be defined as an SSI
(Sadler, 2004; Topcu, Mugaloslu, & Glven, 2014). SSIs exhibit two key
characteristics: a relationship with science and social importance (Eastwood
etal, 2012).

To identify whether issues can be categorized as SSIs, we use Ratcliffe
and Grace’s (2003, pp. 2-3) framework and consider that SSIs “have a basis in
science, frequently that at the frontiers of scientific knowledge; involve forming
opinions, making choices at personal or societal level; are frequently media-
reported, with attendant issues of presentation based on the purposes of the
communicator; deal with incomplete information because of conflicting/
incomplete scientific evidence, and inevitably incomplete reporting; address
local, national and global dimensions with attendant political and societal
frameworks; involve some cost-benefit analysis in which risk interacts with values;
may involve consideration of sustainable development; involve values and
ethical reasoning; may require some understanding of probability and risk; and
are frequently topical with a transient life.”
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3. Importance of SSI-based teaching

SSl-based teaching emerged in the field of education during the 1980s.
Prior to that, science education emphasized the science, technology, and society
(STS) approach, which links science to matters of social importance (Aikenhead,
1980) and is concerned with the impact of decisions made in science and
technology on society and does not explicitly focus on ethical issues (Zeidler et
al., 2005). In addition, it does not account for the emotional aspects of learning
science that is socially relevant (Sadler & Zeidler, 2005). In contrast to STS,
SSl-based teaching focuses on the moral aspects of science-based issues
concerning personal life as well as the physical and social world (Zeidler et al.,
2005). When compared with the science, technology, society, and environment
(STSE) approach, we found characteristics similar to those of SSI-based teaching,
particularly the moral dimensions of socioscientific problems (Pedretti, 2003).
Figure 1 provides an overview of these paradigm shifts and historical and
conceptual relationships among existing science-related social approaches.

SSI Approach (2000s)
(Argumentation, NOS,
emotion, culture,

personal experience)

STSE Approach (1990s)
(Environment,
morality)

STS Approach (1980s)
(Science, techhnology, and
society relationship)

Figure 1. Historical and conceptual relationships among science-related social approaches
Source: Topcu (2008)
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Today, many countries, such as England, have accepted and adapted
SSl-based teaching for their elementary to secondary levels to promote scientific
literacy (21st Century Science Project Team, 2003). SSI curricula and SSl-based
teaching differ from traditional approaches. In traditional approaches, students
are taught as passive learners who receive knowledge from the teacher.
By contrast, SSl-based teaching is concerned with frontier science, an SSI
characteristic which people often consider ill-structured; has no consensus
within the science community (Aikenhead, 2006); and is influenced by social,
political, and ethical factors (Roberts, 2007).

Given these characteristics, students are challenged to exercise their
scientific literacy (Presley et al., 2013) in the context of real-life situations, which
promotes higher-order thinking, problem solving, awareness of the personal and
social impacts of science; the application of scientific knowledge for the benefit
of society; and moral decision-making skills regarding science, technology,
society, and environmental issues that impact daily lives (The Institute for
Promotion of Teaching Science and Technology (IPST), 2002).

4. Instructional framework for SSl-based teaching

To describe and understand science teachers’ SSI-based teaching practices
in the classroom, we draw on Presley et al. (2013) and Zeidler et al.’s (2005)
SSl-based teaching frameworks. Their frameworks highlight the focus of instruction,
characteristics of instruction (pedagogical choices), roles of teachers and students,
and classroom environment.

4.1. Focus of teaching

SSlincorporates both scientific and social knowledge and issues (Ratcliffe
& Grace, 2003). Successful teaching methods tend to focus on the use of SSis to
learn specific scientific content (Sadler, Barab, & Scott, 2007) and explore
relationships with other areas of science and disciplines. In addition, they focus
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on providing students with opportunities to learn the themes based on the
nature of science in the classroom and engage in higher-order practices (Presley
et al., 2013) e.g., analyzing and interpreting data, using evidence to participate
in argumentation and collection, and evaluating and communicating information
on the basis of the Next Generation Science Standards (NRC, 2012).

4.2. Characteristics of instruction

To successfully implement SSI-based teaching in the classroom, teachers
should provide students with scaffolding to engage in practices, such as
argumentation, reasoning, and decision making (Presley et al., 2013). As for
teaching aids and materials for SSl-based teaching, teachers can use media such
as articles from newspapers, magazines, reports, or interviews from the television
to establish a connection between what students learn in the classroom and
current world events (Klosterman, Sadler, & Brown, 2012). In addition, technology
can be used in various ways to enhance SSl-based teaching and has the potential
to serve as a powerful tool that provides access to relevant social issues (Evagorou,
2011). Students can access SSI media resources with technology (Presley et al.,
2013).

Learning assessments should include students’ higher-order practices such
as scientific claims and arguments (Kolstg et al., 2006). To measure students’
engagements in SSI learning experiences, teachers should conduct formative
assessments in the form of constant feedback to promote such learnings (Tal &
Kedmi, 2006) and provide opportunities for students to reflect upon and refine
their ideas (Sadler, 2011). In addition, teachers can use summative assessments
at the end of a unit or topic coverage to capture what a student has learned
and the quality of learning and judge the performance against certain standards
(NRC, 2001).
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4.3. Roles of teachers and students

In SSl-based teaching, teachers avoid playing authoritarian roles, presenting
an issue at the beginning of the instruction, or relating what students learn to
their existing knowledge (Presley et al,, 2013). In addition, they refrain from
presenting facts about a given subject but rather, function as a learner and allow
their students to contribute ideas and knowledge to the classroom (Dolan,
Nichols, & Zeidler, 2009). In addition, teacher provide their students with
opportunities to better understand the scientific and social aspects of an issue
and become aware of the social considerations associated with it (Presley et al,,
2013).

The role of students, on the other hand, tends to differ from that in
traditional approaches. Students should collect and/or analyze scientific data
related to a given issue and accordingly, negotiate the social (political and
economic) dimensions (Presley et al., 2013). Argumentation is key in SSl-based
learning classrooms (Zeidler & Nichols, 2009). Students must prioritize methods
of inquiries while interpreting issues; making decisions on the basis of moral
judgments; solving problems; and engaging in various forms of discourses such
as argumentation, negotiation, and challenging the assumptions of dominant
knowledge (Serpell, 2011). Conducting research and making arguments on the
basis of a given SSI facilitate the learning of scientific content (Klosterman
& Sadler, 2010).

In addition, moral perspective is one of the most important components
of SSl-based learning (Zeidler & Keefer, 2003). Presley et al. (2013) suggested that
students should consider the ethical dimensions associated with an issue.
Furthermore, they should explore the benefits and risks of an issue and further
explore them and their probabilities (Ratcliffe & Grace, 2003); doing so is crucial
to identify and understand SSis (Crick, 2001). When discussing risks and benefits,
teachers should also be aware of the students’ learning environment.
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4.4. Learning environment

SSl-based learning requires both a collaborative and interactive
environment in science classrooms. In addition, students and teachers should
demonstrate a mutually respectful relationship (Presley et al., 2013). Few
studies have examined the effect of SSI contexts on students’ epistemologies
of science. For example, Eastwood et al. (2013) analyzed whether SSI-based
learning environments affect university students’ epistemological understandings
of scientific inquiry differently from traditional science educational contexts. Their
results showed that both undergraduate human biology students and biology
students held generally adequate understandings of inquiries combined with
numerous misconceptions. In addition, teachers can use SSI to learn specific
science content (Nuangchalerm & Kwuanthong, 2010; Sadler et al., 2007),
encourage analytical thinking (Nuangchalerm & Kwuanthong, 2010), enhance the
nature of science (Nuangchalerm & Kwuanthong, 2010; Sadler et al., 2007), learn
satisfaction (Nuangchalerm & Kwuanthong, 2010), address citizenship education
(Sadler et al., 2007), improve argumentation skills (Erduran et al., 2004), and
promote decision-making skills (Sadler, 2009).

5. Strategies and models for SSl-based teaching

There are several strategies and methods to teach and learn SSI, such as
role play, scenarios, debate, group work, jigsaw discussions, forums, conferences,
vignettes, oral presentations, debates, and written reports (Conner, 2002; Dawson,
2001; Jarvis et al., 1998; Van Rooy, 2004). Similarly, there are numerous models
that have been developed by science educators and can be used to bring SSIs
into the science classroom (Table 1).
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Table 1. Models for SSl-based teaching

Models Details

1) Decision-making models  Options: Identify alternative courses of action for an SSI
(Ratcliffe, 1997) Criteria: Develop suitable criteria to compare alternative
actions Information: Clarify general and scientific
knowledge/evidence for the criteria
Survey: Evaluate pros/cons of each alternative against
criteria selected
Decision making: Make a decision on the basis of the
undertaken analysis
Review: Evaluate decision-making processes identifying

feasible improvements

2) Bioethical model - Observe situations related to SSI concerning bioethics
(Van Rooy, 2000; Dawson, - Question and hypothesize
2001) - Gather information
- Analyze and ethical deliberation
3) Model for decision - Identify SSl-related moral issues in question
making in practical - Identify relevant knowledge and unknown facts
contexts using moral case - Offer solutions
issues (Keefer, 2003) - Provide justification

- Consider alternative scenarios that argue for different
conclusions
- Identify and evaluate moral consequences

- Offer altermative solution

4) Instructional model for Problem analysis: Students are presented with an issue
SSl-based education using media reports and other strategies that highlight the
(Eilks, 2010) reality and relevance of the issue
Clarification of science: Teachers help students
understand the basic science underlying the issue
Refocus on socioscientific dilemma: Students refocus
their attention on the issue and associated social problems
or controversies
Role play: Students assume roles to engage in the
negotiation of the SSls, which include parties of the issue
debate or creators of media related to the issue
Meta-reflective activity: Students are encouraged to
reflect on their overall experiences with the issue and

underlying science.
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The mentioned SSI-based teaching models highlight that teachers should
introduce SSI at the beginning to drive their lessons. They can infuse scientific
content with moral and ethical perspectives regarding SSIs by allowing students
to engage in higher-order practices such as questioning, generating hypotheses,
gathering information, analyzing data, problem solving, and decision making.

6. Examples of SSl-based teaching

From this study, we found that teachers use two patterns to discuss SSls
in their classrooms. First is a one-period SSI-based teaching, as shown in the case
of Nancy (pseudonym) and second is SSI teaching for an entire unit, as in the
case of William (pseudonym) (Pitiporntapin & Sadler, 2015).

We examined Nancy’s biology class for tenth-grade students. In this class,
Nancy was teaching her students about food webs. She brought newspaper
articles about using chemicals in rice fields to increase production and asked her
students to read and discuss their opinions concerning the SSI. To facilitate the
discussion, she grouped her students’ responses under “Agree” and “Disagree.”
She then conducted an activity to elaborate on a particular response or opinion
about the food web and food chain. For the activity, she asked her students to
work in groups of five or six. Each group received pictures of living things (e.g.,
rice, trees, shrimps, birds, frogs, rats, eagles, grasshoppers, and human beings),
which they had to place on a large paper and indicate “what eat what” using
arrows; the arrow head had to point to the eater. Once the students finished
their task, she asked a representative from each group to present it in front of
the class. On the basis of their presentation, she asked questions to further
explain the concept. Before finishing the class, the students reviewed the pros
and cons of using chemicals in farms, although the discussion was limited due
to time constraints.
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On the other hand, for his tenth-grade students, William selected the SSI
of protesting against the construction of a coal-fired power plant as an introductory
topic for the entire unit of natural resources. In the first period, he began the
lesson by asking them to read related newspaper articles and watch videos.
Then, he asked each group of students to identify and present their pros and
cons of constructing a coal-fired power plant in the environment. At the end of
this period, he asked his students to search for evidence to support their claims
and bring them to class in the next period for a discussion. In the second period,
he began by reviewing what the students learned in the previous period. He then
asked questions that were based on the quality of evidence the students found
to support their claims and warrants. Thereafter, he asked each group of students
to create criteria to assess their evidence. Examples of their criteria include
validity, clarity, and reasonability of evidence to support their claims and warrants.
When the students finished their assessment, a representative from each group
presented their conclusion in front of the class. He also asked his students to
conclude their claims, warrants, and evidence while accounting for the pros and
cons of constructing coal-fired power plants. Finally, he asked his students to
identify the types of natural resources utilized in constructing coal-fired power
plants and then informed them that they were going to learn more about
natural resources in the next period.

In the third period, William discussed the types of natural resources such
as water, soil, air, animal, and human beings and asked questions about natural
resources utilized in the construction of coal-fired power plants. Then, he took
his students to the library to search for information and discussed natural
resources in relation to the construction of coal-fired power plants. Finally,
he asked his students to list the pros and cons of constructing coal-fired power
plants and informed them of a debate on the topic in the next period.
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In the fourth period, he divided his students into two groups: one side
agreed with the construction of coal-fired power plants, whereas the other
disagreed. Thereafter, he asked each group of students to discuss and prepare
their information for a debate on the topic of “Construction of a coal-fired

power plant improves the lives of people in Krabi.”

In the fifth period, he asked a representative from each group to present
their information and discuss their points of view. Next, the supporters of the
group who agreed or disagreed with the issues had to alternately present their
data and make supportive or counterarguments. In the second round, the head
representative of the group who disagreed with the construction was the first to
present, followed by the head representative of the group that agreed; the same
order applied for the supporters of both groups. At the end of his class, he asked
his students to discuss the components of argumentation observed during their
debate such as their claim, warrant, evidence, counterargument, counterclaim,
and supportive argument.

In the final period, he asked the students to write about their decisions
recarding the construction of a coal-fired power plant in their communities in
their worksheets, which was then presented by 4-5 students. Before the class
ended, he asked each group of students to present their decisions regarding the
issue. Finally, William and his students together concluded the lesson on
natural resources, after which he asked the students to re-take the argumentation
test.

However, we found that teachers may find it difficult to implement
SSl-based planning or teaching if they view lesson content mainly from an
evaluation viewpoint (Sadler & Donnelly, 2006). Some teachers are concerned
about the lack of related materials, time constraints (Lee, Abd-El. Khalick, & Choi,
2006), and insufficient support to discuss SSIs in their classrooms (Saunders &
Renni, 2011). In addition, teachers often do not have faith in their ability to
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perform teaching of this nature in which the students engage in argumentation
(Newton et al., 1999). Pedretti et al. (2007) found that teachers in the early years
of teaching felt confident in teaching material with controversial issues but were
reluctant to do so.

For effective SSl-based teaching, teachers require an array of teacher
resources, subject-matter knowledge, and pedagogical content knowledge
(Magnusson et al., 1999). However, the question remains whether science
teachers are willing to practice SSl-based teaching in science classrooms. In sum,
since SSls are crucial in promoting scientific literacy and an important component
of science curricula, we suggest integrating SSI-based instruction in current science
teacher education programs for pre-service teacher and professional development
courses for in-service science teachers.
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