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ABSTRACT
The purpose of this study was to examine students understandings
about nature of science (NOS) and their arguments in context of
controversial socio-scientific issue (SSI). A total of 74 11th graders in
six schools in Saudi Arabia participated in the study. The instrument
used was a questionnaire consisting of four scenarios addressing SSI
about global warming, genetically modified food, acid rain, and
human cloning. The scenarios were followed by questions relating
to argumentation and NOS. Quantitative and qualitative measures
were employed to analyze the data related to participants
understandings of three NOS aspects (subjective, tentative, and
empirical) and their arguments components (argument,
counterargument, and rebuttal). Results showed no significant
correlations between argument components and the NOS aspects.
On the other hand, qualitative data showed that participants who
generated well-developed arguments across the four SSI also
exhibited more informed understandings of the NOS aspects,
especially for female participants. Further, the chi-square analyses
did not show significant differences in participants arguments and
NOS understandings across the four scenarios. Again, the qualitative
data from questionnaires showed differences in participants
responses to the different scenarios. The results were interpreted
along contextual factors, emotional factors, and cultural factors.
Implications for the teaching of NOS and arguments were discussed.
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Introduction

With the growing challenges affecting our society, it is crucial to prepare scientifically lit-
erate students who can actively take part in addressing these challenges. All reform move-
ments in science education advocate the preparation of scientifically literate students as a
primary goal of science education (e.g. American Association for the Advancement of
science [AAAS, 1989, 1993]; Council of Ministers of Education Canada [CMEC] Pan-
Canadian Science Project, 1997; National Research Council [NRC, 1996]). Moreover,

© 2017 Informa UK Limited, trading as Taylor & Francis Group

CONTACT Rola Khishfe rk19@aub.edu.lb Department of Education, American University of Beirut, P.O. Box 11-
0236, Beirut, Lebanon

INTERNATIONAL JOURNAL OF SCIENCE EDUCATION, 2017
VOL. 39, NO. 3, 299–334
http://dx.doi.org/10.1080/09500693.2017.1280741

http://crossmark.crossref.org/dialog/?doi=10.1080/09500693.2017.1280741&domain=pdf
mailto:rk19@aub.edu.lb
http://www.tandfonline.com


scientific literacy is a goal in the Next generation science standards (NGSS Lead States,
2013) and the Kingdom of Saudi Arabia (KSA) Content and performance standards for
science education (Obeikan Education, 2014).

According to Lederman, Antink, and Bartos (2014), scientific literacy does not only
include the knowledge of science but also involves the applications of this scientific knowl-
edge in order to make decisions about personal and society-based situations that have
science and non-science components. In accordance with BouJaoude’s (2002) ramework,
there are four components that characterise scientific literacy: (a) knowledge of science,
(b) doing and understanding of scientific inquiry, (c) understanding of nature of
science (NOS), and (d) understanding the relationships between science, technology,
and society, which encompass engagement in generating arguments and decision-
making about socio-scientific issues (SSIs). In this study, our focus was on the last two
components addressing NOS and arguments in the context of SSIs.

Nature of science

Central to advancing students’ scientific literacy is developing their understanding of NOS
(e.g. AAAS, 1993; Allchin, 2011; NGSS Lead States, 2013; NRC, 1996). Generally, NOS rep-
resents the epistemology of science, science as a way of knowing, and the beliefs inherent to
the development of scientific knowledge (Lederman, 1992). Disagreements exist on a
common definition for NOS but there are some general aspects of scientific knowledge
(Lederman, 2007) that address these disagreements and can be reasonably taught to K-12
students (Abd-El-Khalick, Bell, & Lederman, 1998). The general aspects include the under-
standing that this knowledge is (1) tentative (subject to change), (2) subjective (influenced
by scientists’ background, experiences, and biases), (3) empirical (based on and/or derived
fromobservations of the natural world), (4) creative and imaginative (involves the invention
of explanations), and (5) socially embedded. Two additional aspects involve the (6) distinc-
tion between observation and inference and the (7) distinction between theories and laws
(Lederman, 2007). It is important to note that the aforementioned aspects are not the
only ones that address NOS (Lederman et al., 2014), but these serve the purpose for teaching
NOS at the K-12 levels. In this paper, we focus on only three aspects of NOS: (1) the tenta-
tive, (2) the subjective, and (3) the empirical which have been addressed in the Next gener-
ation science standards (NGSS Lead States, 2013) and in the KSA Content and performance
standards for science education (Obeikan Education, 2014) and are believed to be closely
related to SSI (Khishfe, 2012a; Zeidler, Walker, Ackett, & Simmons, 2002).

Research results have consistently shown that students have views that are not consist-
ent with the accepted views of NOS (e.g. Duschl, 1988; Griffiths & Barman, 1995; Ryan &
Aikenhead, 1992) and that is the case even in SSI contexts (Khishfe 2012b , 2012c). In the
latter two studies, Khishfe (2012b, 2012c) found that participants showed naive under-
standings of the subjective, tentative, and empirical aspects of NOS in the context of
two controversial SSIs about genetically modified food and water fluoridation.

Socio-scientific issues

Researchers have suggested a close relationship between SSIs and NOS (Kolsto, 2001;
Zeidler, 2003), which refer to social science-based problems that are open-ended,

300 R. KHISHFE ET AL.



ill-structured, debatable, and involve multiple perspectives and interpretations. With the
relevance to society and the adherence to varying viewpoints, SSIs are likely to generate
interest among students (Eastwood et al., 2012). It has been argued that SSIs might
provide an ideal context for discussing students’ understandings of NOS (e.g. Khishfe,
2012a; Matkins & Bell, 2007) as these issues expose students to the values, assumptions,
and concepts embodying NOS (Bell & Matkins, 2003; Bentley & Fleury, 1998; Sadler,
Chambers, & Zeidler, 2002; Spector, Strong, & La Porta, 1998) and allow for various
opportunities for explicit connections to NOS aspects (Khishfe & Lederman, 2006).

To demonstrate this, Sadler, Chambers, and Zeidler (2004) investigated the relationship
between student conception of the NOS and socio-scientific decision-making. Eighty-four
high school students read two contradictory articles related to global warming and then
responded to a questionnaire to elicit their understanding of aspects of the NOS in the
context of global warming. Findings revealed that students demonstrated the use of
three aspects of NOS: empiricism, tentativeness, and social embeddedness. As a result,
researchers concluded that these aspects influence the interpretation of an SSI. Along
the same lines, Matkins and Bell (2007) explored the effect of explicit NOS instruction
in the context of global climate change and global warming on 15 pre-service teachers’
views of NOS and global climate change. Analysis of pre- and post-assessments of
open-ended questionnaires, interviews, and journals demonstrated an improvement of
perceptions related to NOS, mainly the empirical, tentative, creative, and subjective
aspects, as well as the social and cultural influences. Results also showed changes in the
teachers’ understanding of global climate change and global warming. Similarly, Walker
and Zeidler (2007) investigated the improvement of grades 9 and 12 students’NOS under-
standing in the context of the SSI of genetically modified food. NOS themes were empha-
sised throughout a web-based inquiry unit on genetically modified food. Learning
activities assessed student conceptions of NOS. Data were also collected from student
interviews and Nature of Science Questionnaire. Findings revealed that students devel-
oped and expressed ideas related to NOS as they engaged in the web-based inquiry
especially in aspects related to the tentativeness, and creative and subjective aspects of
NOS. However, students were not successful in spontaneously integrating aspects of
NOS in a debate of genetically modified food.

Taking arguments in the context of SSI as a component of scientific literacy suggests
the need to investigate the role of arguments in developing scientifically literate individuals
because SSIs help to involve students in the practices of arguments. Moreover,
arguments can be used as a basis to cultivate decision-making in the context of SSIs
(Khishfe, 2012a). Other research has suggested that engaging students in generating argu-
ments would assist in the development of their NOS views (McDonald, 2010; Sandoval &
Milwood, 2008).

Arguments

Engaging in arguments is considered as an important component of scientific literacy
(Baker et al., 2009; Cavagnetto, 2010; Jimenez-Aleixandre & Erduran, 2007; NRC, 1996;
Sampson & Clark, 2007). Moreover, arguments have been emphasised in the KSA
Content and performance standards for science education (Obeikan Education, 2014) at
the secondary grades.
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An argument is defined in different ways in the literature. Basically, an argument is
defined as an assertion accompanied by its justification (Toulmin, 1958; Zohar &
Nemet, 2002). In this paper, we focus on how individuals make and justify claims and con-
clusions (Driver, Newton, & Osborne, 2000). Students need to learn scientific arguments
in order for them to understand the intimate relationship between science and society
(Simonneaux, 2008); an understanding that is achieved through student engagement in
SSIs (Fleming, 1986; Kolsto, 2001; Sadler & Zeidler, 2005; Zeidler, 2003).

Research related to arguments in science education showed that students generally have
poor arguments. For instance, they have a tendency to ignore data and warrants, jump to
conclusions, and are unable to evaluate counter-evidence (Chinn & Brewer, 1998; Driver
et al., 2000). In many cases, student engagement in arguments in the context of SSIs yields
different results. Many research studies have found gains in students’ arguments when
practised in the context of SSIs (e.g. Dori, Tal, & Tsaushu, 2003; Pedretti, 1999; Tal &
Kedmi, 2006; Walker & Zeidler, 2007; Zohar & Nemet, 2002). For example, Zohar and
Nemet (2002) investigated student arguments in the context of a controversial SSI
related to genetics such as gene therapy and genetic cloning. An experimental design
was used in which a treatment group received explicit arguments instruction while the
control group experienced traditional instruction. Findings revealed that students in the
treatment group outperformed their peers in the control group in content knowledge
and arguments. Similarly, Osborne, Erduran, and Simon (2004) assessed students’ devel-
opment of arguments. In the first phase of their study, science teachers were instructed on
strategies to support arguments in the classroom. During the second phase, researchers
investigated student improvement of arguments in two contexts: scientific or socio-scien-
tific arguments. Results revealed that students’ arguments improved more in the context of
socio-scientific than in scientific issues. Conversely, other studies found difficulties in stu-
dents’ arguments when practised in relation to SSIs (e.g. Albe, 2008; Harris & Ratcliffe,
2005; Kortland, 1996). Khishfe (2012b) found that the majority of high school students
showed limited arguments, where they generated arguments with valid justification sup-
ported by one reason, or gave no justification/invalid justification in the context of the two
SSIs about genetically modified food and water fluoridation. Similarly, Khishfe (2014)
found that prior to the intervention, a majority of students exhibited poor arguments,
which were at the levels of naïve and intermediary. These students generated argument
components (argument, counterargument, and rebuttal) with no or invalid justification
or, at the most, they were justified by only one reason.

Relationship between NOS and arguments

Driver, Leach, Millar, and Scott (1996) argued that NOS helps people participate in
debates and decision-making regarding science-related social issues. This argument
points at a relationship between NOS understandings and their arguments in the
context of SSI. An echo of this relationship is manifested in the literature. Some research-
ers have suggested that engaging in arguments might lead learners to understand the epis-
temological bases of scientific practice (e.g. Sandoval & Milwood, 2008). In other words,
students would understand the multiple perspectives based on evidence when they engage
in arguments. For instance, Ogunniyi (2006) explored the effectiveness of an argument-
based NOS course on inservice science teachers’ perceptions of NOS. The study
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emphasised the historical, philosophical, and sociological aspects of the NOS. Findings
revealed improved perceptions of NOS. Similarly, Yerrick (2000) evaluated the effect of
high school students’ abilities to construct scientific arguments. Findings showed that stu-
dents demonstrated changed perceptions of NOS as reflected in their arguments.

On the other hand, other researchers suggested that learners’ NOS understandings
influence their engagement in arguments (e.g. Nussbaum, Sinatra, & Poliquin, 2008;
Sandoval & Milwood, 2008). Kenyon and Reiser (2006) investigated the effect of
student application of epistemological views of science in developing and evaluating expla-
nations. Data were collected from a 7th grade science class in which a project-based
ecology unit was taught. Findings revealed that the use of NOS criteria helped students
assess the quality of their explanations and develop improved arguments. Simonneaux
(2008) argued that students need to be knowledgeable about NOS and that this is a pre-
requisite for them to engage in scientific arguments in SSIs. She explained that students
need to recognise that science is provisional and SSIs entail uncertainties. This means
that learners with more informed views of NOS can use arguments to verify their
claims based on evidence and taking into consideration alternative viewpoints. In contrast,
learners with naïve views of NOS have limited participation in arguments, because they
may not understand that claims are subject to challenge and refutation (Clark &
Sampson, 2007; Kuhn, 1992; Kuhn & Reiser, 2006). Thus, the assumption is that under-
standing NOS allows students to be more critical of evidence and effectively use that evi-
dence when formulating arguments on SSI.

As such, the relationship between NOS understandings and arguments appears to be
complex. In a recent study, Khishfe (2012b) investigated this relationship without any
explicit instruction on NOS or arguments and found a significant relationship between
students’ understandings of NOS aspects (empirical, subjective, and tentative) and their
arguments (particularly their counterarguments). The study was conducted with grade
11 students from five schools and the relationship was compared across two SSIs about
genetically modified food and water fluoridation. Results revealed that the three NOS
aspects correlated significantly with the skills of producing arguments, counterarguments,
and rebuttals. This result was evident for the scenario about genetically modified food
while for the scenario about water fluoridation, the subjective and tentative aspects corre-
lated significantly with skills of generating arguments, counterarguments, and rebuttals.
Additionally, the empirical aspect correlated significantly with skills of generating argu-
ments and counterarguments. Students’ counterarguments showed the strongest corre-
lations, compared to arguments and rebuttals, with students’ understandings of the
three NOS aspects. Additionally, results showed variations in students’ responses to the
scenarios targeting two different SSI, which were attributed by the Khishfe to contextual
factors.

Contextual factors

The context of the SSI could be seen through the theory of situated learning (Brown,
Collins, & Duguid, 1989; Greeno, 1998; Lave, 1991; Lave & Wenger, 1991). This perspec-
tive on learning is situated in social practice and is based on the interactions between the
individual and his or her environment (Greeno, 1998). Thus the setting or context of a
particular situation would influence reasoning and learning (Brown et al., 1989). It has
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been suggested that the quality of informal reasoning could be influenced by the context of
the SSI (Sadler & Zeidler, 2004). The extent of influence was tested on Turkish pre-service
teachers (Topcu, Sadler, & Yilmaz-Tuzun, 2010), and the results of their study revealed
strong consistency in the informal reasoning across socio-scientific scenarios. Nonethe-
less, finer-grained analyses showed variations in the informal reasoning of individual
teachers.

In the study described in the previous section (Khishfe, 2012b), the relationship
between arguments and NOS aspects was examined to see if it would be similar for differ-
ent controversial SSIs. This was done by examining the specificity of participants’
responses in different contexts. Findings revealed significant differences in participants’
arguments and NOS understandings between the two scenarios: genetically modified
food and water fluoridation. Moreover, the Khishfe noted that different SSIs are controlled
by contextual factors that involve being familiar with the issue, having prior content
knowledge related to the issue, and personal relevance of the issue.

Purpose

Similar to the study of Khishfe (2012b), the present study explored the relationship
between students’ understandings of NOS aspects and their arguments. However,
that study investigated the relationship in relation to two controversial SSIs in the
Lebanese context. It is important to note that the present study offers a new perspective
along two levels. First, this study addressed four controversial SSIs in order to investi-
gate contextual factors that might influence the relationship. Thus, this study differs
from the previous study (Khishfe, 2012b) in that it offers a new perspective by explor-
ing the relationship across different SSIs. Second, the present study explored the
relationship in the Saudi Arabian context, which presents a distinctive dimension
since most of the work related to NOS and arguments has been conducted in the
Western World. Furthermore, the fact that Saudi Arabia is an Islamic country offers
a unique context for the discussion of SSIs; a context which provides the opportunity
to understand the interplay among social, ethical, religious, and cultural orientations.
There are many instances in the literature that document the influence of these orien-
tations in a Turkish context (Kilinç et al., 2014; Topçu, Mugaloglu, & Guven, 2014;
Topçu, Yılmaz-Tüzün, & Sadler, 2011), Pakistani context (Iqbal, Azam, & Rana,
2009), and Egyptian context (Mansour, 2008). For the Turkish context, Topçu et al.
(2011) grouped the factors influencing participants’ informal reasoning under three
main categories: personal experiences, social considerations, moral-ethical consider-
ations, and technological concerns. Further, they grouped the social considerations
under the three sub-categories: economic, educational, and religious considerations.
Mansour (2008) found that teachers’ personal religious beliefs and experiences
shaped their beliefs and practices. Iqbal et al. (2009) found that views about science
as absolute truth that Pakistani science teachers hold are mostly in contradiction
with their religious Islamic beliefs. As such, the three research questions that guided
the present investigation were:

(1) What are the arguments of Saudi Arabian high school students across the four con-
troversial SSIs?
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(2) What are the NOS understandings of Saudi Arabian high school students across the
four controversial SSIs?

(3) How does the relationship between students’ arguments and their understandings
about NOS differ across the four controversial SSIs?

Method

Participants

Participants in this study came from six public secondary schools in Riyadh, the capital of
Saudi Arabia. The participating schools were purposefully selected for the study based on
the following four criteria: (a) they belong to the public sector; (b) they have an overall
‘average’ academic performance; (c) the students’ socioeconomic status is at the middle
level, which represents the majority of Al- Riyadh’s citizens; and (d) they include schools
of females and those of males; as the education system in Saudi Arabia is segregated by sex.

A total of 74 11th graders in the Biology sections from the 6 schools (average age is 17
years) participated in the study. There were 50 female participants from 3 schools, and 24
male participants from another 3 schools. Most of the participants held the Saudi Nation-
ality. It is important to note that participants did not have any formal instruction about
NOS or training in arguments. Further, these participants did not study about any of
the addressed SSIs in their curriculum. It is important to note, though, that NOS is
implicitly addressed in the KSA 10th grade biology textbook with the most addressed
aspect being the empirical, and the least addressed aspect as the subjective (Alasmari,
Alshamrani, & Alshaya, 2014). However, these NOS aspects have not been explicitly
taught or discussed by teachers, as noted per informal conversations with Saudi science
educators (personal communication, 5 April 2014).

Instruments and data collection

The study is a qualitative case study that focuses on in-depth understanding of a single
phenomenon or event. Case studies rely on data that are usually gathered through a
variety of means including, but not limited to, interviews and observations. The
purpose of collecting data through a variety of means is both to augment the theory-gen-
erating capabilities of the case as well as to provide additional validity to assertions made
by either the researcher or the participants in the case itself (Stake, 2005).

The rationale of the design was to investigate NOS understandings and arguments in
different contexts. Scenarios are contexts for us to find out how students think about
NOS and argumentation. So participants in all schools responded to all scenarios.

Participants at the six schools responded to an open-ended scenario (Appendix) that
addresses the four controversial SSIs. It is important to note that these participants may
know a little about the four SSIs from what they are likely to be exposed to in the
media such as cloning cells for stem cell therapy. The questionnaire has four open-
ended scenarios that address controversial SSIs related to global warming, genetically
modified food, acid rain, and human cloning.

The open-ended scenario about genetically modified food was taken from a previous
study (Khishfe, 2012a) while the three other scenarios were designed for the purposes
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of this study. The content validity of the scenario about genetically modified food was
established by the input of experts (two science educators, three biologists, two ethics pro-
fessors, and three high school biology teachers), while the content validity of the three
additional scenarios included in the questionnaire was established by the input of four
science educators and two science teachers. Pilot-testing of the four scenarios was also
conducted in Saudi Arabia before the start of the study with grade 11 students who did
not participate in the study. Sixty female students from 4 schools and 52 male students
from 2 schools responded to the 4 scenarios in the pilot study. The schools in which
the pilot study was conducted were comparable to the participating schools in student
demographics, school size, and school culture. Following the pilot study, modifications
to the scenarios were done accordingly. For example, some of the sentences were
revised to make them more understandable and readable to students. Further, the ques-
tionnaire was translated into Arabic by science educators in Saudi Arabia. Then, the trans-
lation was validated by two other Arabic-speaking science education researchers. Thus, the
responses of participants were all in Arabic and they were translated again into English.

The SSIs in the questionnaire were selected because these topics address controversial
science and society concerns at a global level and also at the local level of Saudi Arabia,
which seem to be appropriate for the scope of this research project. Moreover, these issues
have not been addressed in the curriculum for grade 11, the focus of the present study.

The SSIs were presented as scenarios, which were followed by two sets of questions relat-
ing to arguments and NOS (Appendix). First, respondents were asked to generate an argu-
ment (Appendix, part b), a counterargument (Appendix, part c), and a rebuttal (Appendix,
part c), and justify them. Counterarguments are arguments that contradict one’s original
position. Rebuttals are arguments that refute the counterarguments. The second part
asks respondents to present their views about the tentative (Appendix, parts f and g),
empirical (Appendix, parts f, g, and h), and subjective aspects (Appendix, part e) of NOS.

Graduate assistants assisted in the distribution of the questionnaires at the different
schools. The biology teacher was present during the administration of each scenario,
which was done during class time. The purpose of the questionnaire was explained to
the 11th graders by the graduate assistants.

It needs to be emphasised that the scenarios were translated into Arabic by science edu-
cators in Saudi Arabia. Then, the translation was validated by two other Arabic-speaking
science education researchers. Thus, the scenarios were given to participants in Arabic and
the excerpts were translated from Arabic. Then, there was translation of the participants’
responses to the scenarios back to English to insure no changes in meaning were created in
the translation.

Data analysis

Data analysis was done at three levels to answer the three research questions: analysis of
participants’ arguments, analysis of participants’ views of the target NOS aspects, and
analysis of the relationship between the two variables. Each participant scenario was ana-
lysed to categorise his/her arguments and views of the emphasised NOS aspects. The cat-
egorisation of participants’ responses for the argument components and NOS aspects was
done by three researchers. The three researchers met to discuss the framework and analyse
the cases together. Two of the researchers analysed 25% of the cases independently then
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met with the third researchers to discuss the results. Any differences in the categorisation
were discussed to reach consensus. The rest of the questionnaire was analysed by two
researchers who met periodically to discuss results and resolve any differences. During
this stage, the third researcher randomly selected cases to ensure that the categorisation
was consistent with the framework.

Arguments
The response of each participant was analysed to categorise his/her argument components
(argument, counterargument, and rebuttals) into naïve, intermediary, or informed. The
rubric for categorisation was adapted from Mason and Scirica (2006) and used in a
recent study by Khishfe (2012b).

. A response was categorised as naïve and received a score of 1 when no justification or
an invalid justification was given. For example, this participant did not support his
argument with any reason or explanation; the response was ‘I support human cloning’.

. A response was categorised as intermediary and received a score of 2 when the partici-
pant gave a valid justification supported by only one reason. For example, this partici-
pant formulated a counterargument based on religious reason: ‘No. Cloning is not a
natural phenomenon, and it’s a sin because it defies Allah [God]’.

. A response was categorised as informed and received a score of 3 when the participant
gave a valid justification supported by more than one reason. The following example
represents a rebuttal for supporting human cloning based on more than reason: ‘Yes,
cloning isn’t against nature, and there’s nothing supernatural about it. Cloning
assures the progress of Human race. When a pregnant mother is sick, her uterus can
be re-planted again giving her the hope to be a mother’.

Table 1 presents examples of student responses related to arguments when supporting
the issue in response to the scenario about human cloning. Table 2 presents examples of
responses related to arguments when opposing the issue in response to the scenario about
human cloning. These examples are translated verbatim and quotes selected from the
responses of participants.

NOS
Each participant questionnaire was analysed to categorise his/her views of the empha-
sised NOS aspects into naïve, intermediary, or informed. A participant’s view was cate-
gorised as naïve when the view is not consistent with the contemporary views of NOS.
For example, item ‘f’ (Appendix) addresses the empirical and tentative aspects of NOS,
and asks participants whether they think the knowledge about human cloning would
change in the future. The following response was categorised as naïve and was given
1 point: ‘Technical development will help a lot, but I insist on my own opinion and
oppose the human cloning’.

An intermediary view is neither naïve nor informed. The intermediary views include
the multiple form (Khishfe, 2008), where fragmented views exist together and might con-
tradict each other. In the following response, the participant acknowledged that there
would be a change of knowledge and change in opinions but this will not be possible
until the truth is found. Therefore, the response was categorised as intermediary and
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was given 2 points: ‘Yes, because scientists and humans discover as the years pass by to
find the truth. Their opinions will change’. An ‘informed’ view represents a desirable
view that corresponds with contemporary views of NOS accepted by science philosophers,
scientists, and science educators. For example, this participant exhibited an informed view
about the empirical aspect when she acknowledged that scientific knowledge about
cloning might change based on new findings or developments:

Yes of course. Life goes on and science develops every minute and not only every year. Maybe
tomorrow or after it they’ll find something about or related to cloning. Then, more than one
issue in the cloning topic will change.

Table 3 presents examples of responses related to NOS understandings in response to the
scenario about human cloning.

Relationship between argumentation and NOS
The third research question, ‘How does the relationship between students’ arguments and
their understandings about NOS differ across the four different controversial SSIs?’ was
first addressed quantitatively using SPSS by performing correlation analyses between
the examined variables of argument (argument, counterargument, and rebuttal) and
NOS aspects (subjective, tentative, and empirical) for each of the four scenarios for
females and for males in order to investigate the relationship between NOS and argu-
ments. By using SPSS, chi-square tests were performed (with the rationale being

Table 1. Examples of responses to scenario about human cloning that support the issue related to
argumentation skills.

No justification or invalid
justification (score = 1)

Valid justification supported by
one reason (score = 2)

Valid justification supported by
more than one reason (score = 3)

Argument I support human cloning. Yes, as time passes there will be
problems with the human
organs. Cloning can help by
replacing the exact organ in the
body. For example, cloning will
make blood transfer easier.

Yes, I support human cloning.
Cloning can help in substituting
the damaged organs, helping
the sick, and giving hope for
people who are sterile.
Scientists also can study the
growth of the embryo through
close observation.

Counterargument There’s a reason why I’m
against it. Whether am
supporting or opposing the
problem, she has to show me
the positive and negative
sides of cloning and compare
them. She doesn’t have a
choice to disagree.

No. Cloning is not a natural
phenomenon, and it’s a sin
because it defies Allah [God].

No. Human cloning is a complex
topic. How can we see or live
with a cloned person. There will
be discrimination within the
society, and it’ll cause division,
so it’ll make a problem. Also
from a religious perspective,
some might assume you’re
creating a human and that’s a
sin. Also, the cloned child might
be taken away from the mother
and won’t be able to live beside
her.

Rebuttal Yes, but I don’t know how.
Every person has his/her own
opinion, and I’m with human
cloning.

Cloning can help replace
damaged organs in the body.

Yes, cloning isn’t against nature,
and there’s nothing
supernatural about it. Cloning
assures the progress of Human
race. When a pregnant mother
is sick, her uterus can be re-
planted again giving her the
hope to be a mother.
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categorical data) to compare the different components of arguments and the different
aspects of NOS between the four scenarios. Second, the research question was addressed
qualitatively to explore any possible relationships within and across the different scenarios.
This was done by mapping out the categorised responses of the NOS aspects with the cate-
gorised responses of arguments for each of the four different scenarios. This was done case
by case for each of the participants by looking at the categorised response for the tentative
and mapping it out with the argument, counterargument, and rebuttal. This was followed
by looking at participants’ actual responses. Then the mapping was also done for the same
participant for the empirical aspect with the argument, counterargument, and rebuttal.
Again, the categorised responses for the subjective aspect of NOS were mapped out
with the argument components.

Table 2. Examples of responses to scenario about human cloning that oppose the issue related to
argumentation skills.

No justification or invalid
justification (score = 1)

Valid justification supported by
one reason (score = 2)

Valid justification supported by
more than one reason (score = 3)

Argument I want it, but it’s not legal. Cloning might be harmful for
the human, and some might
be damaged from it. The
cloned individual might
impersonate the real
individual through same
actions and thoughts. This
might put the real person in
problems. We need to avoid
problems and get rid of them
before they happen.

In my opinion, I think cloning is
morally and religiously
inappropriate for several reasons.
First, even though it can be useful
for the humans and progress in
science, yet it’ll damage the
society and environment. Second,
it’ll be less genuine in the future.
Third, I think it’ll cause more wars
through the great countries
dominating the underdeveloped
ones by cloning their own armies,
or it might increase the crime
rates. Fourth, humans will be of
two types, cloned and original
ones. Fifth, family bonds will
decrease and humanity will be lost
and cultures will disappear. Sixth,
it’s morally inappropriate, and it’s
forbidden in different religions
especially in Islam. Seventh, the
population will increase which will
decrease the resources available,
increase laziness and regression in
the society.

Counterargument Yes, cloning can help me
and has characteristics
similar to mine.

Dr. Sara supports human
cloning. She says it can help
in providing organs during
sickness.

Yes, cloning can change several
things. Cloning organs and
implanting them in individuals
needing organ. Also, the cloned
individuals can do the hard chores
that the original human can’t.

Rebuttal No Dr. Sara, I don’t find
human cloning to be
good. It’ll cause more
problems and damages.

I’m against it because
religiously it’s a sin.

No, I think cloning will help in
transplanting organs but it has
more negatives. From a religious
perspective, there will be less
obedience to Allah [God], and the
cloned individual might worship
us. On the individual’s
perspective, humans will depend
on the cloned one and the
cultures will decrease.
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Results

The results are presented in four sections. The first section discusses participants’ argu-
ments, which addresses the first question. The second section gives an overview of the per-
centage of participants with the different scores for NOS aspects for the human cloning
scenario, which addresses the second question. To guide the reader through the results
addressing the first two questions, the examples are given from the scenario about
human cloning. The third question is addressed in the third and fourth sections. In the
third section, the relationship between students’ understandings about NOS aspects and
their arguments is displayed. The results are presented for the four different scenarios quan-
titatively and qualitatively. Finally, the last section presents the response patterns across the
four different scenarios addressing comparisons between the different scenarios of the NOS
aspects and argument components using chi-square analyses and student quotations.

Arguments

An overview of the results shows that female participants, compared to males, were gen-
erally able to generate more informed arguments, counterarguments, and rebuttals across
all four scenarios (Table 4). However, there were relatively higher informed arguments,
compared with counterarguments and rebuttals, for both females and males across all
four scenarios. For a more detailed description about the trends, we have taken the
example about the human cloning scenario and described it in detail.

Forty-one per cent of female participants constructed informed arguments, as compared
to 25% and 23% who constructed informed counterarguments and rebuttals in response to
the scenario about human cloning. There were different views from the participants regard-
ing their position about human cloning. A group of the participants supported the issue,

Table 3. Examples of responses to scenario about human cloning related to NOS understandings.
Naïve views (score = 1) Intermediary views (score = 2) Informed views (score = 3)

Subjective Scientists might benefit from it. They [scientists] can reach
different conclusions because of
different opinions and cultures.
However, there has to be one
right choice that scientists will
reach suitable for our religion
and society.

Of course, because they’re not
cloned individuals. Each one has
a different way of thinking, and
each one has different
perspective. So they can come
up with different conclusions.

Empirical Technical development will help a
lot, but I insist on my own
opinion and oppose the human
cloning.

Yes, because scientists and
humans discover as the years
pass by to find the truth. Their
opinions will change.

Yes of course. Life goes on and
science develops every minute
and not only every year. Maybe
tomorrow or after it they’ll find
something about or related to
cloning. Then, more than one
issue in the cloning topic will
change.

Tentative Maybe, only from the religious
aspect. If religious authorities
announce it to be a sin, then my
whole opinion will change.
Religion comes first.

I don’t think so, unless something
is found that convinces me
otherwise.

That might happen that it
[knowledge about human
cloning] changes, but no one
knows what might be found
tomorrow about cloning. Maybe
tomorrow something from a
study will be found and change
this knowledge and my opinion
or encourages me to persist on
it.
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while another group opposed the issue for several reasons. For example, a participant sup-
ported human cloning and her argument involved a valid justification supported by more
than one reason as substituting damaged organs and helping sterile people:

Yes, I support human cloning. Cloning can help in substituting the damaged organs, helping
the sick, and giving hope for people who are sterile. Scientists also can study the growth of the
embryo through close observation. (Student 3[S3], Item b, Female)

On the other hand, this participant opposed human cloning and she presented the follow-
ing justification supported by several reasons such as moral and religious. She discussed
the influence on the society, the family, the country, as well as the religion:

In my opinion, I think cloning is morally and religiously inappropriate for several reasons.
First, even though it can be useful for the humans and progress in science, yet it’ll damage
the society and environment. Second, it’ll be less genuine in the future. Third, I think it’ll
cause more wars through the great countries dominating the underdeveloped ones by
cloning their own armies, or it might increase the crime rates. Fourth, humans will be of
two types, cloned and original ones. Fifth, family bonds will decrease and humanity will
be lost and cultures will disappear. Sixth, it’s morally inappropriate, and it’s forbidden in
different religions especially in Islam. Seventh, the population will increase which will

Table 4. Percentage of participants with the different scores for the argument, counterargument, and
rebuttal for the four different scenarios.

Scenario Scores Argument Counterargument Rebuttal

Females Human cloning

3 22 (41%) 13 (25%) 12 (23%)
2 29 (55%) 27 (50%) 22 (41%)
1 2 (4%) 13 (25%) 19 (36%)

Acid rain
3 27 (54%) 12 (24%) 22 (44%)
2 18 (36%) 10 (20%) 19 (38%)
1 5 (10%) 28 (56%) 9 (18%)

Genetically modified food
3 29 (46%) 16 (25%) 19 (30%)
2 33 (52%) 21 (33%) 36 (57%)
1 1 (2%) 26 (42%) 8 (13%)

Global warming
3 20 (40%) 5 (8%) 12 (20%)
2 28 (47%) 29 (48%) 34 (57%)
1 8 (13%) 26 (44%) 14 (23%)

Males Human cloning
3 8 (19%) 1 (2%) 2 (5%)
2 23 (55%) 3 (7%) 8 (19%)
1 11 (26%) 38 (91%) 32 (76%)

Acid rain
3 21 (45%) 4 (8%) 9 (19%)
2 16 (34%) 5 (11%) 11 (23%)
1 10 (21%) 38 (81%) 27 (58%)

Genetically modified food
3 12 (25%) 2 (4%) 4 (8%)
2 30 (63%) 15 (31%) 19 (40%)
1 6 (12%) 31 (65%) 25 (52%)

Global warming
3 4 (14%) 1 (4%) 1 (4%)
2 11 (39%) 3 (10%) 8 (28%)
1 13 (47%) 24 (86%) 19 (68%)

INTERNATIONAL JOURNAL OF SCIENCE EDUCATION 311



decrease the resources available, increase laziness and regression in the society. (S6, Item b,
Female)

Other reasons that participants gave included loss of humanity and cultures, religious con-
straints as well as a decrease in resources available to the population.

On the other hand, 19% of male participants constructed informed arguments,
compared to 2% and 5% who constructed informed counterarguments and rebuttals.
For example, one of the male participants who opposed cloning presented a justification
supported by several reasons. He maintained that cloning is both morally and religiously
inappropriate since it causes damage to society and the environment and increases the
number of crimes and wars due to the replication of armies. He also explained that
people would discriminate between clones and original humans.

More than half the female and male participants (55%) generated arguments with a
valid justification supported by one reason as illustrated in the following excerpt:

Cloning can help replace damaged organs in the body. (S49, Item b, Female)

Other participants who opposed cloning also presented arguments supported by only one
reason. For instance, one participant maintained that it is harmful and damaging for
humans since it might lead cloned individuals to impersonate real humans.

NOS understandings

Results showed that female and male participants at some instances exhibited more
informed views of the subjective and the empirical aspects of NOS, in comparison with
the tentative aspect (Table 5). In many instances, the male participants did not exhibit
any informed views of these aspects. Along the same lines, we have taken the example
about the human cloning scenario and described it in detail in relation to understandings
about the three NOS aspects.

Subjective aspect of NOS
Twenty-eight per cent of female participants elucidated informed understandings of the
subjective aspect of NOS, as compared to 5% of male participants. About one-third of
female participants showed intermediary understandings of this aspect, where they held
informed and naïve understandings at the same time. For instance, one participant
acknowledged that scientists can reach different conclusions when looking at the same
data due to different opinions and different cultures (informed). However, she also
asserted that there has to be one ‘right’ choice that scientists will reach (naïve):

They [scientists] can reach different conclusions because of different opinions and cultures.
However, there has to be one right choice that scientists will reach suitable for our religion
and society. (S11, Item e, Female)

Tentative aspect of NOS
A minority of female participants (6%), compared to none of the male participants,
showed informed understandings of the tentative aspect of NOS as evidenced in the fol-
lowing excerpt:
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That might happen that it [knowledge about human cloning] changes, but no one knows
what might be found tomorrow about cloning. Maybe tomorrow something from a study
will be found and change this knowledge and my opinion or encourages me to persist on
it. (S22, Item f, Female)

The majority of participants (60% for females and 81% for males) held naïve understand-
ings, where they either stated that everything will generally change or that the knowledge
will not change because of religion, as shown in the following excerpts:

Yes [the knowledge about human cloning might change in the future], everything can be
changed and nothing stays the same. (S13, Item f, Female)

No [the knowledge about human cloning will not change in the future], because I’m a
Muslim. (S2, Item f, Male)

Empirical aspect of NOS
Seventeen per cent of female participants and none of the male participants exhibited
informed understandings of the empirical aspect of NOS. The following is a quotation
by a female participant that demonstrates her understanding of how evidence from
research studies can be geared to back up a position about human cloning:

Table 5. Percentage of participants with the different scores for the subjective, tentative, and empirical
aspects for the four different scenarios.

Scenario Scores Subjective Tentative Empirical

Females Human cloning

3 15 (28%) 3 (6%) 9 (17%)
2 20 (38%) 18 (34%) 33 (62%)
1 18 (34%) 32 (60%) 11 (21%)

Acid rain
3 11 (22%) 19 (38%) 18 (36%)
2 24 (48%) 11 (22%) 14 (28%)
1 15 (30%) 20 (40%) 18 (36%)

Genetically modified food
3 13 (21%) 8 (13%) 14 (22%)
2 19 (30%) 35 (55%) 30 (48%)
1 31 (49%) 20 (32%) 19 (30%)

Global warming
3 9 (15%) 6 (10%) 10 (17%)
2 22 (37%) 9 (15%) 23 (38%)
1 29 (48%) 45 (75%) 27 (45%)

Males Human cloning
3 2 (5%) 0 0
2 2 (5%) 8 (19%) 17 (40%)
1 38 (90%) 34 (81%) 25 (60%)

Acid rain
3 3 (7%) 2 (4%) 2 (4%)
2 10 (21%) 16 (34%) 9 (19%)
1 34 (72%) 29 (62%) 36 (77%)

Genetically modified food
3 6 (12%) 4 (8%) 5 (11%)
2 11 (23%) 11 (23%) 15 (31%)
1 31 (65%) 33 (69%) 28 (58%)

Global warming
3 0 1 (4%) 0
2 11 (39%) 7 (25%) 11 (39%)
1 17 (61%) 20 (71%) 17 (61%)
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Yes of course, the knowledge about human cloning might change. There will be more studies.
The supporters of human cloning will try to convince the world about their own views and
will conduct numerous studies. The ones opposing the human cloning won’t give up, and
they’ll try to convince the world about their own views by using studies and data as well.
(S46, Item f, Female)

The majority of female participants (62%) were intermediary in their understandings of
this aspect, while the majority of male participants (60%) exhibited naïve understandings.
For example, the following male participant equated the change in scientific knowledge
with the development in technology:

Yes, the scientific knowledge will change because the tools of measurement will develop. (S20,
Item f, Male)

Relationship between argumentation skills and NOS understandings

Toanswer the researchquestionquantitatively, Pearson correlationswere carried outbetween
the examined components of argument (argument, counterargument, and rebuttal) andNOS
aspects (subjective, tentative, and empirical) for the four scenarios. There were only few and
scattered low but significant correlations between the variables. For females, (a) the empirical
aspect of NOS correlated positively with argument for the scenario about acid rain [r(50) =
0.282, p = .047], (b) the tentative aspect correlated positively with argument for the scenario
about global warming [r(60) = 0.277, p = .032], (c) the tentative aspect correlated positively
with counterargument [r(53) = 0.314, p = .022] while the subjective aspect correlated posi-
tively with rebuttal for the scenario about cloning [r(53) = 0.401, p = .003], and (d) no positive
correlations were found for the scenario about genetically modified food. As for males, the
only positive correlations were found for the scenario about cloning between the subjective
aspect and argument [r(42) = 0.414, p = .006] on one hand, and between the tentative
aspect and counterargument [r(42) = 0.318, p = .040] on the other hand.

From the qualitative perspective, we closely scrutinised the participants’ responses to
check for any relationship between participants’ understandings of NOS and their argu-
ments. This examination revealed that many of the participants who exhibited more devel-
oped arguments (argument, counterargument, or rebuttal) also exhibited informed
understandings of NOS aspects (subjective, tentative, or empirical). The following are
some examples that represent this pattern, mostly with the female participants.

Acid rain scenario
Concerning the acid rain scenario, 26% of the female participants seemed to take into con-
sideration the other perspective before deciding on a certain idea indicating more cogni-
tive flexibility:

As the consumption of fossil fuels decreases, the acid rains will decrease. The bicycles can be
used as a substitute for the cars. Also, bus stations can be constructed to transport people
from one place to another. I chose option B since option A isn’t correct, and the acid rain
is a dangerous topic that can’t be solved easily. And option C would cost a lot so I chose
option B. (S26, Item b, Female)

They will control the toxic gases before reaching the atmosphere, but it will cost a lot and
might not last for a long period of time. Therefore, I did not choose the other options and
I therefore found option B to be the best choice. (S29, Item b, Female)
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Additionally, the majority of these female participants who took the other perspective into
consideration also generated more developed arguments that had a valid justification sup-
ported by more than one reason.

In another example, the participant explained that scientists might come up with differ-
ent conclusions in relation to the scenario about acid rain because of different back-
grounds and perspectives and thus had an informed view of the subjective aspect of NOS:

They come from different backgrounds and have different and non-identical perspectives.
Sometimes a person perceives something that you do not and this is only natural. So each
scientist has concluded to reach these points and again their points of views might differ.
(S49, Item e, Female)

This same participant generated a developed rebuttal that had a valid justification sup-
ported by more than one reason:

You are mistaken with your idea. The world is changing and the future will be changed as
well. People can’t abandon using their cars. The cars are needed for emergencies and daily
lives. We need to approach the problem from different aspects. Option (A) costs less, and
it’s suitable for everyone. We only need to add the filters. People will realize that acid
rains will always be present, that’s why option (A) is the best. It tackles the problem from
different angles. (S23, Item d, Female)

Genetically modified food scenario
Concerning the scenario about genetically modified food, 50 female participants answered
the questionnaires. Fifty-nine per cent of these participants requested more studies, exper-
iments, and thus internalised the role of evidence (empirical aspect of NOS) regarding the
topic when making their arguments:

I can’t decide, since I don’t have any study or experiment. Scientists who support the idea of
golden rice are required to provide more studies and facts that prove the safety of the golden
rice and no side effects over the soil, human, and animal. (S39, Item d, Female)

There is a need to conduct more research in order to detect the side effects and its impact over
the human’s genetics. If its benefits exceeded its side effects, then it might be agreed on it.
(S50, Item d, Female)

And 41% of male participants demanded more information, studies, and experiments
regarding the genetically modified rice:

There isn’t any experimental study that shows the presence of side effects. It’s known that any
mutation has its positives and negatives. We already know the positive outcomes of the
golden rice, but no one studied the negative effects. We need more studies. The public
might also reject the golden rice due to its different taste. The solution can be found in a
more natural substitution. (S6, Male)

In another example, one female participant exhibited an informed understanding
about the empirical aspect of NOS in demanding more evidence about the effects of geneti-
cally modified food. This understanding and demand for evidence was reflected in her
argument:

I can’t decide, since I don’t have any study or experiment. Scientists who support the idea of
golden rice are required to provide more studies and facts that prove the safety of the golden
rice and no side effects over the soil, human, and animal. (S39, Item b, Female)
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Human cloning scenario
About one-third of the female participants seemed to take into consideration possible evi-
dence from new studies leading to different interpretations. These participants exhibited
informed understandings of the tentative and empirical aspects of NOS thus indicating
more cognitive flexibility, as shown in the following:

What we know about human cloning nowmight be changed … research in the field of human
cloning is taking place so we get new information, new knowledge … I think what we know
about human cloning might change provided we have new studies. (S26, Item b, Female)

Most of these participants generated more developed arguments, as shown with this same
participant who presented an argument against human cloning with a valid justification
supported by more than one reason:

I’m against human cloning because it will lead to moral and genetically related problems. For
moral problems, there might be difficulties in relationships and they will not be normal. For
genetically related problems, there can be some complications and the person might not be
exactly the same as the other person. (S26, Item b, Female)

Similarly for the subjective aspect of NOS, many of the participants who exhibited
informed understandings of this aspect also generated more developed arguments.
These participants explained that scientists might come up with different conclusions
when looking at the same data because they look from different angles as shown in the
following:

Scientists can come up with different conclusions about the effects of human cloning. Of
course, because they’re not cloned individuals. Each one has a different way of thinking,
and each one has different perspective. So they can come up with different conclusions.
(S23, Item e, Female)

Scientists are affected by their experiences and can focus on one perspective only and make
their conclusions accordingly. (S21, Item e, Male)

These participants constructed more developed arguments that had a valid justification
supported by more than one reason, as shown in the following rebuttal and argument:

In my opinion, I think cloning is morally and religiously inappropriate for several reasons.
First, even though it can be useful for the humans and progress in science, yet it’ll damage
the society and environment. Second, it’ll be less genuine in the future. Third, I think it’ll
cause more wars through the great countries dominating the underdeveloped ones by
cloning their own armies, or it might increase the crime rates. Fourth, humans will be of
two types, cloned and original ones. Fifth, family bonds will decrease and humanity will
be lost and cultures will disappear. Sixth, it’s morally inappropriate, and it’s forbidden in
different religions especially in Islam. Seventh, the population will increase which will
decrease the resources available, increase laziness and regression in the society. (S23, Item
d, Female)

I am against human cloning. First, it’s religiously forbidden to change what Allah [God]
has created. Second, human cloning might lead to more damages and end human life.
They might clone unwanted people such as Hitler. It’s better to leave creation for the
Creator and not alter the human genes. Third, the cloned person might resemble the
original one, but inside characteristics might not be present such as bravery. (S21,
Item b, Male)
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In general, there were no differences between female and male participants in terms of
the relationship between their arguments and NOS understandings. It needs to be noted
again that there were differences between the quantitative results and the qualitative
results. The difference between quantitative and qualitative results supports the argument
of how quantitatively the reduction of data (changing the data into numbers) leads to loss
of meaning at many instances.

Response patterns among the four scenarios

To explore whether the participants had similar response patterns to the four scenarios,
chi-square tests were performed to compare the different components of argument and
the different aspects of NOS between the four scenarios. Comparisons between all four
scenarios revealed that the distribution of participants’ responses were not significantly
different for all argument components (argument, counterargument, and rebuttals) and
for all NOS aspects (subjective, tentative, and empirical); a situation that was found to
be the case for females and for males.

At the qualitative level, there were some differences in the NOS understandings of
female participants in response to the different contexts. For example, more participants
exhibited informed understandings of the empirical and tentative aspects of NOS when
responding to the acid rain scenario. On the other hand, participants showed more
informed understandings of the subjective aspect when responding to the human
cloning scenario. With respect to male participants, they exhibited naïve views in relation
to the different contexts. As such, there was no particular pattern in how participants’
understandings of NOS were exhibited in response to the different scenarios. As for the
participants’ arguments, the following section provides an overview of the four different
scenarios with the similarities and differences between them. The comparison of the
responses among the different scenarios showed that the participants used different orien-
tations to argue and explain the issue depending on the context of the SSI.

Religious orientations
Concerning the Human Cloning scenario, 50 female participants answered the question-
naires. Out of the 50, 34 disagreed with human cloning, 14 agreed, and 2 participants did
not commit to a position but rather accepted cloning for one reason and rejected it for
another. Twenty-two out of the 34 participants who refused human cloning based their
decisions on religious grounds as shown in the following excerpts:

The topic of human cloning is similar to creating a human being. Only Allah is able to create
humans. This cloning has several damages such as confusion between people about the
Creator. From a religious perspective, it’s prohibited to confuse about the Creator.
(S7, Female)

In my opinion, cloning has both positive and negative points at the same time. If the purpose
is to do good, then it’ll be of good cause. However, I have a suspicious about it from a reli-
gious perspective since it’s prohibited to define the Creator. (S20, Female)

Six out of 14 participants who agreed with cloning, as well as the 2 participants who chose
both ‘Yes and No’, justified their responses in a similar way. Both groups indicated that
they agree with cloning because it helps in curing diseases and in organ transplants but
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rejected it for the whole human being because it is religiously forbidden, as shown in the
following excerpts:

I agree, but under certain conditions. Cloning can be good to help patients by cloning
organs for transplantations. However, cloning a whole human is a waste of time and
money. I support cloning if it’s doing good for humans and extinct animals. (S1, Female,
agreed)

If cloning assists in organ transfer and cures diseases, then I support it. However, if they aim
to create whole human beings, then I’ll be against it. (S9, Female, agreed)

I agree only when it’s used to heal some diseases, organ transplants, and increase the human
population on the planet. However, I don’t support it because of religious restrictions con-
cerning the human cloning. The cloning might aim in controlling the creating process, the
human characteristics, and other aspects of the human. This might lead to more diseases
and mutations. (S49, Female, yes and no)

At another level, half of the participants who agreed with human cloning claimed that they
were willing to change their positions if Islam rejects it. Only one participant considered
that human cloning is acceptable from a religious point of view although she believed that
it is dangerous for the individual and society:

In my opinion, I think human cloning is dangerous for society and the individual being
cloned. From a religious perspective, I find it acceptable because we’re using cells that are
already present in the human body and are applicable to growth. (S13, Female)

When asked about what kind of information they might need to change their opinions
or learn more about human cloning, the answers varied between scientific and religious
orientations. Thirty-six per cent of the female participants (18) requested more scientific
information about human cloning especially regarding the life of a cloned individual. Out
of these, 3 accepted the idea of cloning while 15 rejected the idea of cloning. Of these par-
ticipants, 11 used Islam as their argument to refuse human cloning and 3 requested to
learn more about the perspective of Islam on human cloning, as shown in the following
excerpts:

Yes, religion’s opinion regarding the topic. Is it safe? (S2, Female)

Yes, I need to know the religion’s opinion regarding it. This topic is very important for the
future generations that aim to specialize in medicine. (S3, Female)

And only two of the female participants requested to learn more about the topic from both
the scientific and religious perspectives.

With respect to the male participants, the human cloning scenario was answered by 24
participants. Of these, 21 disagreed with human cloning, and 3 agreed with it with one of
those who agreed indicating that he was willing to change his position based on religious
reasons:

As long as it’s restricted within the boundaries of the Islamic religion. I will change my pos-
ition with any change in that. So I agree on cloning the human organs, but I don’t agree on
cloning the whole individual because of my religious beliefs. I support the cloning of organs
or organ systems within the human body. Restricting any further studies within the organ
cloning would keep us behind within the medical field. (S15, Male)
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Four of the 21 participants who rejected the human cloning did mention its advantages in
certain conditions. For instance, this participant mentioned the benefits relating to organ
transplantation, yet he also referred to a disadvantage in relation to overpopulation:

Cloning has both positives and negatives. Some of its positives, according to the scientists, is
the ability to transplant organs and treat several diseases. However, I find its negatives to be
more dominant. Some countries will take advantage of the human cloning to empower their
armies, so more wars might take place. Also, the earth is suffering from the humans. The
cloned individuals will add more damages to our environment. There are other factors,
such as religion, that might forbid it. (S3, Male)

However, 10 of the 21 participants who rejected human cloning based their rejection on
religious reasons:

It’s religiously forbidden. The cloningmight lead to social problems such as robberies. (S17,Male)

Natural orientations
Concerning the genetically modified food, 50 female participants answered the question-
naires, 16 of whom supported the consumption of genetically modified food, and 34 were
against it. Of those against it, 10 claimed that they were willing to change their opinions in
case more studies were conducted that show that this food will not have any negative side
effects:

Adding vitamin ‘A’ might be dangerous for the human and has future side effects. Vitamin
‘A’ is beneficial, but when it’s taken in a natural and healthy way that is tested to ensure its
reliability with more studies. (S24, Female)

There are no experiments studying the side effects of this golden rice product. There is no
chemical analysis for the change in the two genes. If I had to choose, I’ll prefer to follow a
healthy life style, since it won’t have any side effects or dangerous results. Also, the society
might not accept the ‘genetically modified foods’ unless there is detailed explanation regard-
ing research studies for its results and benefits. (S25, Female)

Five of the 16 participants who supported the consumption of genetically modified food
gave conditions for their acceptance. One condition was that the amount of modified rice
taken needs to be regulated. Another condition was that the genetically modified rice
needs to be grown in areas different than those with natural rice:

Yes, since it’ll benefit several individuals living in the developing countries. However, I don’t
advice in consuming a large amount of it since it’s ‘modified’. There needs to be a limit, only
take the amount needed. I expect anything out of the natural order would have more side
effects than the natural ones. (S3, Female)

There is a need for a helping agent such as the golden rice, but it should be planted within
specific areas so as not to mix with the other rice. Therefore, the one who needs to follow a
healthier life style won’t need to eat the golden rice, but the ones whom chose to eat it, will
find it available. (S4, Female)

And 27% of female participants revealed that they are willing to change their positions
based on more research and scientific data.

With respect to the male participants, the scenario about genetically modified food was
answered by 24 male students. Of these, 12 were against the production and marketing of
genetically modified food:
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The natural rice is much better than the mutated one. The vitamins present in the natural
rice, vegetables, and fruits are more powerful than the vitamins of the mutated one. (S13,
Male)

Following a healthy diet is far better in providing us with the necessity vitamins needed. (S6,
Male)

Forty-one per cent of participants requested more information, studies, and experiments
regarding the genetically modified rice:

There isn’t an experimental study and chemical analysis about the golden rice. This plant
might completely change in the future. (S2, Male)

Finally, 11% of participants added conditions to accept genetically modified food:

I support [the production and marketing of genetically modified rice] according to the fol-
lowing conditions:

1 – Not mix the golden rice with the natural one.

2 – Consume the golden rice in limited amount and organise the matter.

3 – Vary between the modified rice and the natural rice. Never rely on the modified rice for
the entire life (S14, Male).

I agree if it’ll be sold within reasonable prices and mixed with the carrots for better results.
(S16, Male)

Environmental orientations
Fifty female participants completed the global warming scenario, 43 of whom supported
their country’s commitment towards the Kyoto Protocol on climate change, 5 refused the
commitment, and 2 were uncertain.

The majority of participants believed that global warming was a dangerous problem,
and interventions were needed to solve them. Seventy-two per cent of participants
agreed on the global warming protocol. A majority of participants (63%) agreed on the
protocol to preserve nature locally and globally:

Yes, decrease the pollution and diseases to protect nature, to preserve the country. (S49,
Female)

Yes, to get rid of this environmental problem, the global warming phenomena and save the
world from the deadly environmental pollution affecting nature. (S45, Female)

Twenty-four male participants answered the scenario about global warming. One-
quarter of the participants considered the global warming topic to be a natural
phenomenon:

I don’t think this will damage KSA’s economics. I agree with the other group of scientists.
This is only part of the natural phenomena or changes that take place on the planet earth.
(S11, Male)

As for the acid rain scenario, fifty female participants completed that. The participants
had to choose between three options as a solution for the acid rain problem; A, B, or
C. Option A suggests not doing anything about acid rain. Option B suggests controlling
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the release of pollutant gases by burning less fossil fuel. Option C suggests controlling the
release of pollutant gases by removing them before they get into the atmosphere. Six par-
ticipants chose A, 29 chose B, 14 chose C, and 1 participant did not support any of the
options. Both options B and C consider the acid rain as an important issue to address,
but they offer different types of solutions. Only A does portray the topic as dangerous
and suggests that it would be solved naturally without the need for interventions.

The majority of participants believed that acid rain was a dangerous problem, and
interventions were needed to solve this problem. Forty-three of the 50 participants, who
chose B or C, agreed on not to ignore the acid rain phenomena. Of these, 15 participants
chose B or C based on the need to preserve nature:

The problem can negatively impact nature. From the financial perspective, it’s important for
people to pay in order to preserve the nature for themselves and the future generations. We
need to preserve our earth and maintain the marine life, since its loss will negatively impact
the human life. (S8, Female)

I chose (c), since it’s important to control the toxic gases that cause the aid rain even if it costs
a lot. If the acid rain isn’t stopped, the natural marine life will be damaged which will impact
the health of humans. We shouldn’t allow the toxic gases to reach the atmosphere, and they
need to be stopped as soon as possible. (S22, Female)

Twenty-four male students answered the questionnaires regarding the acid rain scenario.
Seventeen per cent of these participants found the acid rain to be a minor problem that
does not need any intervention:

Yes, the problem isn’t dangerous and can be easily solved. (S10, Male)

And 44% of participants were concerned about the impact of acid rain over nature:

Solution: We can use and replace our cars with bicycles. Solution: we can use the electronic
trains to decrease pollution. If the whole world agrees on producing cars that consume less
fossil fuels and agreeing on a fixed price, then all of these problems would disappear and we
save nature. (S12, Male)

We can use electronic cars and the metro to decrease the release of toxic gases into nature.
(S22, Male)

Discussion

The purpose of this research study was to examine students’ arguments and their under-
standings about NOS in the context of four controversial SSIs with no intervention for
NOS or argumentation. Overall, the results showed that a majority of participants were
not able to generate well-developed arguments and did not hold informed views about
the three NOS aspects. This corroborates previous research that showed students hold
naïve understandings about NOS (Khishfe, 2008, 2012a; Griffiths & Barman, 1995; Leder-
man & O’Malley, 1990) and have difficulty generating well-developed arguments (Khishfe,
2012a; Driver et al., 2000; Kuhn, 1991, 1993) when no explicit instruction is provided.

The third research question explored the relationship between participants’ NOS
understandings and their arguments. The results did not reveal any significant and con-
sistent correlations; there were only few and scattered correlations between variables poss-
ibly because of the small number of participants. On the other hand, mapping out the
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participants’ arguments with their NOS understandings showed that participants who
generated well-developed arguments also exhibited more informed understandings of
the NOS aspects across the four SSIs. These results are consistent with previous findings
that showed a relationship between NOS understandings and arguments (Bell & Linn,
2000) in relation to SSIs (Khishfe, 2012a; McDonald, 2010; Zeidler et al., 2002).

The relationship between argument components and the NOS aspects support the find-
ings in a previous study (Khishfe, 2012a). In that study, Khishfe found that the responses
of participants’ argument components carry a demand for more evidence and the con-
sideration of others’ perspective related to the issue. Khishfe (2012a) found that the
demand for more evidence relates to the empirical aspect of NOS, and the consideration
of the other alternative perspective to the subjective aspect of NOS. Khishfe (2012a) also
related the idea that scientific knowledge might change (tentative aspect of NOS) to the
construction of counterarguments, which entail cognitive flexibility (Kuhn, 1991).

These results also support the finding in a previous study (Khishfe, 2012a that explored
the relationship in the context of two controversial SSIs about genetically modified food
and water fluoridation. This study moved further to explore the relationship in the
context of four different controversial SSIs about genetically modified food, human
cloning, acid rain, and global warming. As such, these results can be interpreted in light
of contextual factors, emotional factors, and cultural factors. It is important to note that
the three factors are not mutually exclusive but they actually relate to each other.
However, it might be useful to try to find out if there are situations in which one factor
was more influential than another such as the case of cloning where it was more explicitly
influenced by cultural factors.

Contextual factors

Participants in the present study exhibited at some instances less informed views regard-
ing one scenario versus another scenario. In accordance with this, research studies
showed that students held different views of NOS across different topics or domains
(Abd-El-Khalick, 2001; Khishfe & Abd-El-Khalick, 2002; Hofer, 2000, 2006; Lederman
& O’Malley, 1990; Sinatra, Sountherland, McConaughy, & Demastes, 2003). Similarly,
Smith and Wenk (2006) claimed that students could show more informed views
about some domains than others due to the notion that students’ experiences in particu-
lar domains have an effect on their epistemological views about those domains. Lewis
and Leach (2006) articulated such limited understanding of NOS in relation to
context. Their participants of age 14–16 were engaged in discussion about the social con-
sequences of gene technology. The discussion was strongly influenced by the students’
ability to recognise key issues of the topic. For example, inexperienced students had
no background information about the subject and limited their use of exploratory
talk. Exploratory talk requires the individual to articulate, justify, evaluate, challenge,
and consider various viewpoints. Such skills were already taught to the students in
their English, History, and Religious Education classes, but the students seem to have
failed to transfer these skills into the scientific discussion or did not even consider
using them. According to the authors, the limited use of exploratory talk by these stu-
dents might also relate to their limited understanding of NOS. They appeared to view
science as a body of uncontested knowledge and showed little understanding of the
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tentative aspect of NOS. Many of the participants considered that the answer would be
known if only the scientists would give more data. It was found that the students’
engagement in reasoning increased in accordance with their understanding of the
context. Similarly, participants in the present study failed to recognise key issues
about human cloning. This might have limited their use of exploratory talk, which
might in turn relate to their limited understanding of the emphasised NOS aspects.

At a different level, the qualitative analyses showed that the participants used different
orientations to argue and explain the issue depending on the context of the SSI. For
example, the overall focus of participants was on religious orientations when responding
to the human cloning scenario. As for the genetically modified food scenario, the trend
of responses was geared towards nature and natural orientations. The participants’
responses to the acid rain and globalwarming scenarioswere geared towards environmental
orientations. As such, participants’ responses were stimulated and triggered by the context
of the SSI. Students construed the dilemmas or issues fromdifferent orientations. Sadler and
Zeidler (2004) found similar results in a study conducted in theUSA in which students con-
strued the human cloning scenario as religious and other scenarios (e.g. genetic engineer-
ing) as moral. It seems these orientations were important factors in students’ decisions
regarding the scenarios (Sadler & Zeidler, 2004). These findings are akin to those found
in the present study where religion seemed to play a significant role in students’ decisions
regarding human cloning. Pedretti (1999) found that students explained their decisions
regarding mining by activating their environmental orientations. Along the same lines,
Fowler and Zeidler (2010) found that the arguments used by participants about an SSI
varied with the specific nature of the issue while Sadler (2009) claimed that different
types of knowing and learning are stimulated and facilitated in different contexts. Finally,
Khishfe (2012a) found that the relationship between NOS and arguments was more signifi-
cant for the SSI about water fluoridation in comparison with the issue about genetically
modified food. The Khishfe interpreted that result in relation to contextual factors that
reflect issue familiarity, prior content knowledge, and personal relevance of the issue.

Chang and Chiu (2008) have also noted the power of prior knowledge, personal experi-
ence, and scientific belief over informal arguments. In their empirical work, the scientific
belief includes three categories: scientific attitude, NOS, and ethics. Their science major
undergraduates outperformed their non-science undergraduate peers in forming arguments,
supporting their positions, and relying on scientific analogies in the written responses. Both
groups supported their work with personal experience and scientific belief. However, the
science major participants had more background information that led to better fulfilment
of the required task, and this is consistent with previous work that signifies the relationship
between prior knowledge and informal reasoning and arguments (Mason & Scirica, 2006;
Means & Voss, 1996; Perkins & Salomon, 1989; Sadler & Zeidler, 2004; Tytler, 2001). In
this study, participants had no appropriate formal instruction about SSIs. Even thoughAlza-
ghibi, Alrdiyan, and Alshaya (2012) identified the presence of 42 SSI in KSA high school
biology textbooks, they found that teachers do not teach them appropriately or even recog-
nise them as important and necessary to teach in the first place.

Again, the finding that the participants’ views of NOS differed in different contexts and
that they used different orientations to argue and explain the issues stem from the contextual
factors, particularly in relation to the issue about situated learning. As put forth by Sadler
(2009), the idea of situated learning can be used as a theoretical framework to address the
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role of context for SSIs. He has stressed on the role of context in shaping the knowledge
gained by the students, believing that it will promote motivation, interest, critical thinking,
and an active participation within their community. However, the notion of the influence of
context over the knowledge gained is not new. Sadler (2009) has included a line of research
with eminent scholars and their empirical work that highlighted knowing and learning
within a social setting (e.g. Bartlett, 1932; Bauman, 1973; Mead, 1934; Shaw & Bransford,
1977; Vygotsky, 1934). Lave (1988) noted that ‘with respect to whether knowledge and
learning can cross contexts, proponents of a view of cognition as inherently situated offer
evidence that adult learning and knowing are profoundly structured by the context in
which they occur’ (Wilson, 1993, p. 74). According to Semin and Smith (2013), it is
rather a traditional approach that privileges the individual over the social level, and
relates the behaviour to the content and structure of mental representations, rather than
the current social situation.

Linked to contextual factors is the prior content knowledge; the latter did not seem to
be a factor since these issues are implicitly addressed in the curriculum (Adhalaan,
Alshaya, & Alzaghibi, 2015) but they have not been taught or discussed by teachers in
an explicit manner, as per informal conversations with Saudi science educators (personal
communication, 5 April 2014). Furthermore, there is no discussion of the burning of fossil
fuels, global warming, genetically modified food, and stem cells in the Saudi curriculum
until grade 12 (Obeikan, 2009). The student physics textbooks and teacher guides for
the secondary grades lack an explicit reference to SSIs but there is an implicit mention
of 60 SSIs in 51 lessons out of 71 in the 3 grades in physics textbooks (Adhalaan et al.,
2015). As for the biology textbooks, 60 instances of SSIs were found, with repetition of
some issues including genetic engineering (Alzaghibi et al., 2012) especially at the grade
12 level (Obeikan, 2009). As for NOS, it has been shown that the Saudi tenth grade
biology textbook includes all concepts of NOS to varying extents (Alzaghibi et al.,
2012). The most included aspects are the empirical aspect and among the least included
is the subjective aspect of NOS.

Emotional factors

It is important to note that emotional factors did not seem to be related to NOS. They pre-
vailed in SSI and they were more related to argumentation in the context of SSI. As such,
one of the challenges in working with SSIs is the personal conflict that participants
encounter as they attempt to answer questions related to these issues. Some might com-
pletely refuse to think about the topic, and others might demand more evidence not
only from a scientific perspective, but also from religious, cultural, and ethical lenses. Hal-
verson, Siegel, and Freyermuth (2009) used qualitative data from papers of college stu-
dents in a biotechnology course to investigate how students decide and argue their
positions about stem cell research using relevant evidence. The most common perspective
was the medical application. However, the authors found that most students’ judgements
were from multiple perspectives and that they depended more on the ethical than the
scientific perspective. These justifications or reasons for the positions were very similar
to the ones provided by participants in this study such as destruction of life, unnatural
aspect, interference with human life, and being wrong. About 23% of these participants
based their ethical stance on their religious belief system. In conclusion, students were
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less likely to rely on science content to get justification since their emotional state domi-
nated through ethics, religion, and personal anecdotes.

Similar challenges with SSIs were reported by Molinatti, Girault, and Hammond
(2010), who found that high school students who were involved in debates about stem
cell research had difficulty in constructing their arguments. This is supported with a
line of research that confirms the challenges of argumentations (Jiménez-Aleixandre,
Rodriguez, & Duschl, 2000; Kuhn, 1991; Simonneaux, 2003). In these studies, the
authors concluded that ‘students deeply need to learn the difference between arguments
and emotions, to gain ability to construct argumentation to defend their position, that
is, to advance a reason for or against a proposition or course of action’ (p. 2247).

Cultural factors

When students generate counterarguments, they become cognitively flexible persons who
are more prone to change (Kuhn, 1991). This cognitive flexibility would pave the way for
students to understand that scientific knowledge is subject to change (Khishfe, 2012a) and
thus understand its tentative nature. Along these lines, another issue that came out in the
study is the cognitive inflexibility in the views of some participants when responding to the
human cloning scenario. There seemed to be no potential for any cognitive flexibility when
responding to the scenario. This issue has cultural underpinnings. This is in accordance
with a previous study (BouJaoude, Wiles, Asghar, & Alters, 2011) that found Lebanese
Sunni and Shiite students as well as Egyptian Sunni students tend to exhibit high levels
of religiosity, and these students reported that their religious beliefs have influenced
their positions regarding evolution. Mansour (2008) interpreted that within the frame-
work of ‘personal religious beliefs’. He used the term to refer to the views, opinions, atti-
tudes, and knowledge that are constructed by a person through interaction with his/her
sociocultural context and these are interpreted as having their origins in religion. There-
fore, the views that some participants exhibited in the present study can be interpreted
based on the sociocultural context in which the individual has been brought up. This
would include such sources as family upbringing and role of religion in society. Within
the same context, Sutherland and Dennick (2002) compared the NOS understandings
of two cultural groups (Cree and Euro-Canadian). They found that the understandings
of Cree students differed from the Euro-Canadian students in some tenets of the
western model of science. For example, they differed in the tentative aspect that science
changes over time. As such, some authors have suggested that moral considerations
necessarily contribute to argumentation in the context of SSIs (Sadler & Donnelly,
2007; Zeidler & Keefer, 2003). Their studies were conducted in the USA. In one such
study, Sadler and Donnelly (2007) investigated how content knowledge and morality con-
tribute to the quality of SSI argumentation among high school students. Results showed
that most of the participants perceived SSIs as moral problems. In other words, moral con-
siderations influenced how individuals negotiated a variety of SSIs involving gene therapy
and cloning. Participants frequently cited moral considerations in their argumentation
regarding the SSI. Many of the participants’ comments indicating moral considerations
were those that related the issues to a religious perspective. In that study, about half of
the participants cited personal religious beliefs as significant factors contributing to
their negotiation of the scenarios. In contrast, participants in the present study, when
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responding to similar issues about cloning, focused on religious orientations or consider-
ations without relating them to moral considerations.

The issue can also be considered from a different perspective as it relates to the cultural,
political, and sociological forces of power. Hewson and Ogunniyi (2011) raised the ques-
tion of feasibility of argumentation as a method to teach science when it is contextualised
within multiple ways of knowing in South Africa. They underscored the issue of belief
system, which is situated within a framework of cultural, economical, political, and
socio-historical challenges. Further, Hewson and Ogunniyi (2011) discussed different
ways of knowing between western science and indigenous knowledge (IK). They suggested
that there may be different forms of argumentation that function within different kinds of
IK, e.g. western scientific argumentation and indigenous African argumentation. Easton
(2011) claimed that argumentation is a western endeavour, and may not be compatible
with how non-westerners acquire new knowledge or negotiate learning. Martínez
(2011) explains that it is more culturally acceptable in South Africa to build consensus
than to be confrontational. He proposes embracing multiple ways of knowing.

Implications and recommendations

The results pave the way towards understanding Saudi students’ views about NOS and
arguments in the context of SSIs; such an understanding is needed to improve the teaching
of arguments and NOS as well as SSIs. These results suggest that it may indeed be possible
and also useful to introduce different ways of knowing through arguments and NOS into
the science classroom. This raises the issue of whether to highlight western science or
encourage multiple ways of knowing in science education. This approach could help to
direct the requirements of the KSA science curriculum concerning teaching science in
relation to NOS and arguments within the context of SSIs.

The implications from this study relate to the teaching about NOS and arguments in the
context of SSIs. An in-depth understanding of students’ understandings about NOS and
their arguments can improve their teaching in the context of SSIs. One way might be to
couple the teaching of NOS with the teaching of arguments given the finding that they
are related in the context of SSIs. In addition, the result about a relationship between
NOS understandings and arguments needs to be further defined and explored in different
contexts and in different cultures. Further, the results about the contextual orientations of
responses instigate further research to understand the contextual manifestations of argu-
ments and NOS understandings that are triggered by a particular context. Furthermore,
considerable thought needs to be given by teachers, science educators, and curriculum
developers about the relationship between science and religion that needs to be portrayed
to students.

Future research needs to explore the relationship between NOS understandings and
arguments in different contexts and in different cultures. Moreover, there is a need to
investigate how the contextual manifestations of arguments and NOS understandings
are triggered by a particular context. Another issue relates to the obstacles with SSIs
and their teaching. Thus, this research project is significant in its mission to address
two components of science literacy. That mission translates into the need to prepare citi-
zens who (a) understand SSIs, (b) can make valid arguments by critically evaluating evi-
dence, and (c) understand the issues of NOS.
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Appendix. Controversial socio-scientific issues (CSI)

Scenario I
Global warming is a major environmental issue facing the international community. According to
the majority of scientists, human activities, especially the burning of fossil fuels (oil, gas, and coal)
has significantly increased the levels of carbon dioxide and other greenhouse gases in atmosphere.
These gases trap solar energy, which raises the earth’s temperature, and this will in turn lead to an
environmental catastrophe.

According to the opposition group of scientists, the influence of humans is insignificant since
the increases in temperature are a natural part of the earth’s climate as evidenced by the changes
in temperature as alternating ice ages and warmer periods. This group worries that proposed ‘sol-
utions’ to global warming will have devastating effects on the global economy.

In 1997, there was a climate conference in Kyoto, Japan, where more than 160 nations met to
discuss binding limitations on greenhouse gases. The outcome of the meeting was the Kyoto Pro-
tocol, which obliged developed countries (e.g. US) to commit to reduce their global emissions by
5.2% by 2012. Developing countries (e.g. Lebanon) were exempted from any legally binding com-
mitment but were encouraged to reduce their emissions by providing them with the necessary
financial and technical support. So far, about 140 countries agreed to abide by the Kyoto Protocol.
The United States did not agree to abide by the Kyoto Protocol although it is one of the main emit-
ters of greenhouse gases that contribute to global warming. As noted, the Kyoto Protocol does not
require fast-growing developing countries (e.g. China and India), who are also becoming major pol-
luters, to reduce their greenhouse gas emissions. The Kingdom of Saudi Arabia ratified the Kyoto
Protocol in 2005.

(a) Do you think that your country should have joined the Kyoto Protocol?

YES NO NOT SURE

(b) Do you think that your country should agree to be legally responsible for limiting greenhouse
gas emissions and keeping it stable? Explain and justify your decision.

(c) Another scientist, Professor Ponso, disagrees with your decision. How could he explain his
position to illustrate the reasons supporting it and convince you?

(d) What would you reply to Professor Ponso to explain that your decision is right?
(e) How can you explain that scientists reached different conclusions even though they were all

looking at the same data about the possible outcomes of global warming?
(f) Do you think the knowledge about global warming might change in the future? Explain why or

why not.
(g) Do you think you might change your decision in the future? Explain why or why not.
(h) Is there anything else you would want to know about this issue that might help you decide or

even change your decision?

Scenario II
The burning of fossil fuels (especially in car engines and power stations) leads to the formation of
pollutant gases that are acidic as sulphur dioxide and nitrogen dioxide. After these gases are released
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into the air, they react with rainwater causing rain water to become acidic (acid rain). When acid
rain falls into streams and lakes, it kills water life including fish. Additionally, acid rain may cause a
negative effect on architectural buildings and works of art; it literally dissolves the structures that are
constructed of marble (calcium carbonate).

There is a controversy on how to address the problem of acid rain. The first group of scientists
argues that the problem of acid rain is minor and that acidified lakes and streams can be treated by
adding alkaline compounds (bases) to help restore the water to neutral conditions. The second
group argues that this solution is only temporary and as long as acid rain continues to fall, then
bases must be reapplied. Instead, they strongly argue for a control on the release of pollutant
gases in the air, which will reduce acid rain. This can be done by burning less fossil fuels and con-
serving more energy. Yet, that would lead to increases in the average cost of a new car, as well as
special taxes to encourage energy conservation. A third group argues for removing the pollutant
gases before they get into the atmosphere. The extraction of these gases can also be very expensive,
and again the people will have to pay for these costs.

There are three possible ways to address the problem of acid rain:

A. Not to do anything about acid rain because the problem is not very serious or can be solved
easily.

B. Control the release of pollutant gases by burning less fossil fuel. Burning less fossil fuel means
you would be prepared to go without a car of your own, or you would be prepared to have
increases in the cost of a new car, and/or special taxes to encourage energy conservation.

C. Control the release of pollutant gases by removing them before they get into the atmosphere.
Removing these gases can also be very expensive, and we will indirectly pay these costs.
(a) Which suggestion would you recommend?

A B C

(a) Explain and justify your decision
(b) Another scientist, Professor Ponso, disagrees with your decision. How could he explain his

position to illustrate the reasons supporting it and convince you?
(c) What would you reply to Professor Ponso to explain that your decision is right?
(d) How can you explain that scientists reached different conclusions even though they were all

looking at the same data about the effects of acid rain?
(e) Do you think the knowledge about the effects of acid rain might change in the future? Please

explain.
(f) Do you think you might change your decision in the future? Please explain.
(g) Is there anything else you would want to know about this issue that might help you decide or

even change your decision?

Scenario III
Scientists in the UK have developed a new genetically modified strain of ‘golden rice’ to deal with
Vitamin A deficiency. The genetically modified rice plants contain two extra genes.

One group of scientists believes that eating the genetically modified rice can help prevent blind-
ness by improving vitamin A intake during digestion. As a result, this could reduce childhood
blindness, which affects 500,000 children worldwide each year especially in developing countries
in Asia. This group argues that no studies have indicated any dangers associated with genetically
modified food.

Another group of scientists argues that we do not know how eating genetically modified rice (or
any food) can affect us. There is no biochemical analysis of the golden rice to see how adding two
genes may have changed the plant as a whole. Additionally, this group is concerned that the new
rice is grown in the same regions as other rice so there might be crossing over (contamination),
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which would change the genetic material of other rice. So this group argues that a healthily balanced
diet would be a better solution than the golden rice to deal with the Vitamin A deficiency.

(a) Do you think the golden rice should be produced and marketed?

YES NO

(b) Explain and justify your decision.
(c) Another scientist, Professor Ponso, disagrees with your decision. How could he explain his

position to illustrate the reasons supporting it and convince you?
(d) What would you reply to Professor Ponso to explain that your decision is right?
(e) How can you explain that scientists reached different conclusions even though they were all

looking at the same data about genetically modified rice?
(f) Do you think the knowledge about genetically modified food might change in the future?

Please explain.
(g) Do you think you might change your decision in the future? Please explain.
(h) Is there anything else you would want to know about this issue that might help you decide or

even change your decision?

Scenario VI
Human cloning is a complex issue that started with the creation of Dolly the sheep. A human clone
is an identical twin that has the exact DNA of the original.

The group supporting human cloning argues that it should be allowed because it could offer
many benefits. New developments in cloning have led researchers to stem cells. Stem cells are
not specific types of cells and could develop into different kinds of cells. Scientists use stem cells
to possibly clone human organs or tissue without cloning a complete person. Using this technology
could help in organ transplants and in curing many diseases.

The group against cloning thinks human cloning is morally, ethically, and/or religiously wrong.
This group considers that cloning is unnatural and involves manipulation of human genetics. There
are also some ethical questions involved. These concerns are based on horror stories about human
cloning. Another reason people are against human cloning is a religious one. One of their argu-
ments is against stem cell research because they believe that destroying a human embryo is murder.

In some countries, cloning has been banned, while in other countries there are no laws or regu-
lations on cloning.

(a) Would you vote to make cloning humans legal in your country?

YES NO

(b) Explain and justify your decision.
(c) Another scientist, Professor Ponso, disagrees with your position. How could he explain his

position to illustrate the reasons supporting it and convince you?
(d) What would you reply to Professor Ponso to explain that your position is right?
(e) How can you explain that scientists reached different conclusions even though scientists were

all looking at the same data about the effects of human cloning?
(f) Do you think the knowledge about human cloning might change in the future? Please explain.
(g) Do you think you might change your decision in the future? Please explain.
(h) Is there anything else you would want to know about this issue that might help you decide or

even change your decision?
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