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ABSTRACT
Socioscientific issues (SSIs) are used to guide science instruction by presenting
scientific real-world problems as multifaceted, consisting of social as well as scientific
components that must be considered when constructing solutions to the issues. Using
SSIs in classrooms can support students in developing scientific literacy by enhancing
their understanding of the social implications of science and how science is guided by
social values. It has been suggested that students rely on their Knowledge, Values, and
Experiences (KVP) associated with an SSI when they reason about the issue, but this
relationship has not been tested directly, nor has reasoning about SSIs been compared
between topics of SSIs. Understanding the degree to which characteristics of students and
the topic of the SSI contribute to students’ approaches to resolving SSIs may help inform
teachers of how to capitalize on the KVP of their students to guide instruction about
different SSI units.
In this study, I developed a tool to measure students’ KVP associated with two
SSIs—genetic screening and environmental preservation—and used and revised an
existing instrument to measure socioscientific reasoning (SSR), or reasoning about
complex socioscientific issues. Using these tools, I assessed the hypothesized relationship
between students’ KVP and their SSR and using structural equation modeling (SEM) and
multivariate analysis of variance (MANOVA). Additionally, I used multivariate analysis
of covariance (MANCOVA) to assess differences in SSR for the two topics while
controlling for demographic variables. Results suggested that students did use their KVP
to engage with SSIs, and the degree to which the KVP aspects were associated with
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levels of SSR were in some ways similar and in some ways different depending on the
topic of the issue. Implications for teachers includes providing opportunities for students
to engage with the controversy of the issue and to critically examine their own
perspectives and inherent biases. Recommendations for researchers based on this
research includes suggestions for replication studies involving students of diverse
populations and qualitative analysis to explain the patterns identified through this
research.
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CHAPTER 1: INTRODUCTION TO STUDY
Introduction and Rationale
Scientific literacy has evolved to reflect an understanding of how scientific
problems must be discussed and approached using complementary consideration of
scientific as well as social aspects of the problem (Roberts & Bybee, 2014). Roberts and
Bybee (2014) emphasize that this pursuit of scientific literacy is important because it
includes awareness that students will behave as decision-making citizens when they are
adults, and thus they need to develop an understanding of how to discuss complex issues
that require sophisticated reasoning abilities. One avenue that the authors suggest for
promoting development of scientific literacy is through engagement with socioscientific
issues, or SSIs.
Zeidler (2014, p. 697) explained that SSIs are issues that “allow for the cultivation
of scientific literacy by promoting the exercise of informal reasoning in which students
are compelled to analyze, evaluate, discuss, and argue varied perspectives on complex
issues that are ill structured.” He explained that SSIs:
● Utilize personally relevant, controversial, and ill-structured problems that require
scientific, evidence-based reasoning to inform decisions about such topics.
● Employ the use of scientific topics with social ramifications that require students
to engage in dialog, discussion, debate, and argumentation.
● Integrate implicit and/or explicit ethical components that require some degree of
moral reasoning.
● Emphasize the formation of virtue and character as long-range pedagogical goals.
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Zeidler, Sadler, Simmons, and Howes (2005) note that the inclusion of attention
to moral reasoning is what sets SSIs apart from other reform efforts, a construct that is
defined by Zeidler and Keefer, 2003, as “justification of moral actions [that] must be
derived from discussion, rhetoric, and argument concerning the normativity of different
values” (cited in Zeidler, 2014, p. 699). In other words, Zeidler (2014) suggests that SSI
should be used to help students develop skills in reasoning that allow them to think about
the issue by including consideration of competing values in addition to consideration of
scientific facts. For instance, teachers can use an SSI such as medical treatment options
(Zeidler, Sadler, Applebaum, & Callahan, 2009) as a platform for learning experiences
acquired through discursive interactions between students and experts about the science
as well as social controversy that surrounds the issue. In the Zeidler et al. (2009)
intervention in a high school anatomy & physiology class, they used topics such as
medical marijuana, vaccines, and stem cell research to demonstrate the socioscientific
interplay of issues associated with anatomy content. Together, these elements that define
learning with SSIs support growth in functional scientific literacy, (Fowler, Zeidler, &
Sadler, 2009; Han & Jeong, 2014; Lee, Yoo, & Choi, 2013; Zeidler, 2014), understanding
of science content (Klosterman & Sadler, 2010; Ottander & Ekborg, 2012),
communication skills (Chang, Yoo, Kim, Lee, & Zeidler; Kahn & Zeidler, 2016; Raven,
Klein, & Namdar, 2016; Rudsberg, Öhman, & Östman, 2013).
Sadler, Barab, and Scott (2007) sought to explore the connection between SSIs
and outcomes that aligned with goals of scientific literacy, including particularly the need
for science education to “help students prepare for more active participation in modern
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democracies” (p. 373). In response to this question, they describe the construct of
socioscientific reasoning (SSR) as a way of assessing the levels of reasoning students use
when confronted with an SSI. The authors define SSR as comprised of four areas, with
the term used for each component indicated in parentheses: development of nuanced
solutions (Complexity), using multiple perspectives (Perspectives), expression of need for
inclusion of social and scientific considerations (Inquiry), and ability to identify bias
(Skepticism). Within each category, they present a rubric consisting of four levels of
sophistication for each of the four aspects. They explain the goal of the construct as
providing a way to assess and support the objects for using SSIs, and the rubric can be
useful to support educators in assessing SSR sophistication and considering areas where
students need support in how they think about complex issues. For instance, Romine,
Sadler, and Kinslow (2017) used the rubric to develop the Quantitative Assessment of
Socioscientific Reasoning (QuASSR), an instrument consisting of ordered multiple
choice (OMC) items that they were able to use to assess the effectiveness of an SSI
intervention.
The scientific literacy goal and citizenship education aims of SSIs underscore the
need for students to develop awareness of complex issues and SSR skills associated with
reasoning about such issues. However, Chang Rundgren and Rundgren (2010) noted that
these objectives can be difficult to realize without a clear guiding system for using SSIs
in the classroom. To address this need, they developed a framework that describes how
Knowledge, Values, and Experience (KVP) influence the ways in which students
approach SSIs. Thus, when students engage with SSIs, they will include these different
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KVP components, to varying degrees, as they think about the issue (Chang & Chiu, 2008;
Chang Rundgren & Rundgren, 2010; Christenson, Rundgren, & Höglund, 2012).
In order to use an SSI, teachers must support students as they face arguments that
challenge their understandings of an issue (Zeidler, Applebaum, & Sadler, 2011), which
is impossible if the teacher does not understand the KVP the students have with the issue.
For instance, Chang & Chiu (2008) find that the core of students’ thinking about SSIs is
shielded by a “protective belt” (p. 1758) of their own views that makes it difficult for
them to think about issues in unique ways, a type of thinking that is necessary for
engaging in advanced SSR (as defined by Sadler et al., 2007). Thus, individuals will
approach SSIs differently depending on their KVP, and SSI units need to be carefully
constructed to highlight KVP and show how it influences decisions made (Rundgren,
Eriksson, & Chang Rundgren, 2016). In doing so explicitly, teachers can show how and
why different individuals come to different conclusions about SSIs and support the
students in understanding diverse perspectives by explaining from where these
perspectives arise, promoting scientific literacy through appreciation of complex
circumstances and views that are associated with SSIs. Additionally, if teachers want to
target a specific aspect of SSR, understanding how KVP appears differentially in their
reasoning about different topics could suggest to teachers which SSI topics are most
appropriate for teaching about different types of reasoning (Sadler & Zeidler, 2005b).
This dissertation study used an adapted version of the QuASSR and measures of
student KVP to see how high school students’ KVP is related to their level of SSR and to
examine if their demonstrated level of SSR differs depending on the topic of the issue.
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This work is important to extend the understanding of SSR to high school students (the
QuASSR having been validated with college students and the SSR rubric with middle
schoolers) and to inform teachers and researchers about the level of student SSR and its
dependence on the topic of the SSI and the KVP of the student.
Problem Statement
Scientific literacy goals state that students need to develop the skills needed to use
sophisticated reasoning skills when approaching complex, multi-faceted issues such as
SSIs (Roberts & Bybee, 2014; Sadler, et al., 2007). Students use informal reasoning
skills, that includes components of their KVP when they approach SSIs (Chang & Chiu,
2008; Chang Rundgren & Rundgren, 2010; Christenson et al., 2012; Zeidler, 2014), yet
the connection between these personal elements and the level of their reasoning is not
fully understood. Understanding this relationship may help teachers in pursuit of
scientific literacy goals by providing a way to highlight the source of different
perspectives and to support the students in using their KVP more effectively to heighten
their level of SSR.
Purpose of the Study
The purpose of this study is to measure how high school students reason about
SSIs that are presented on environmental and genetic topics and to demonstrate to what
extent differences in their level of reasoning are associated with their KVP, as well as to
study if the level of SSR differs for different SSI topics when controlling for
demographic background, which is defined by students’ age, grade level, race, gender,
typical grades in science, and current enrolled science class.

5

Research Questions and Hypotheses
The overall Research question (RQ) is: How strongly are aspects of high school
students’ KVP with the issue and the topic of the issue itself related to the level of SSR
displayed by the student?
Three sub-questions guide this research:
RQ 1: To what extent can high school students’ SSR (in the areas of Complexity,
Perspectives, Inquiry, and Skepticism) be accounted for by their KVP with an
environmental issue?
HO: There is no significant relationship between SSR and KVP with an
environmental issue.
HA: There is a significant relationship between SSR and KVP with an
environmental issue.
RQ 2: To what extent can high school students’ SSR (in the areas of Complexity,
Perspectives, Inquiry, and Skepticism) be accounted for by their KVP with a genetics
issue?
HO: There is no significant relationship between SSR and KVP with a genetics
issue.
HA: There is a significant relationship between SSR and KVP with a genetics
issue.
RQ 3: When controlling for demographic background (age, grade level, race, gender,
typical grades in science, and current enrolled science class), do high school students’
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levels of SSR (in the areas of Inquiry, Complexity, Skepticism, and Perspectives) differ
in responding to a genetic versus an environmental SSI?
HO: When controlling for demographic background, there is no significant
difference between topics (environmental or genetics) on measures of high school
students’ SSR in the areas of Inquiry, Complexity, Skepticism, and Perspectives.
HA: When controlling for demographic background, there is a significant
difference between topics (environmental or genetics) on measures of high school
students’ SSR in the areas of Inquiry, Complexity, Skepticism, and Perspectives.
Instruments and Procedures Used to Address RQs
For this research I used the QuASSR (Romine et al., 2017) and newly developed
items on a genetics topic that model the QuASSR, collectively comprising the
Assessment of Contextual Socioscientific Reasoning (ACSSR). The ACSSR measures
high school students’ SSR in the areas of Complexity, Perspectives, Inquiry, and
Skepticism (Sadler et al., 2007) for each of the topics using ordered multiple choice
(OMC) questions. Additionally, I used a newly developed open-ended assessment to
measure KVP by assessing Knowledge, Values, and Experience associated with each
topic. To address RQs 1 and 2, I used structural equation modeling (SEM), but, finding
that analysis incapable of producing interpretable results for both topics, I approached the
questions using multivariate analysis of variance (MANOVA). To address RQ 3, I used
repeated-measures multivariate analysis of covariance (MANCOVA).
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The Theoretical Framework
I used the Sociology/Culture, Environment, Economy-Science, Ethics/moralityPolicy (SEE-SEP) framework (Chang Rundgren & Rundgren, 2010) to explore the
relationship between SSR and KVP of the students. Their framework reflects how the
four components of SSR (Sadler et al., 2007) and the distinct features of SSI (Zeidler et
al., 2005) can be depicted in the subject areas of SEE-SEP. They also use the framework
to illustrate how aspects of student KVP are connected with the SSR by discussing how
all three are influential in how students engage in SSR.
Chang Rundgren and Rundgren identify the six subjects that make up the SEESEP acronym to represent the socioscientific facets of SSI, which includes scientific as
well as social considerations such as community (e.g. the SEE-SEP subject area of
“environment” may be considered largely scientific, while “sociology/culture” subject
area is mostly representative of the sociocultural aspects of the problem, though no
subject area can be thought of as purely scientific or social). They posit that a view of
SSIs through this framework can suggest ways in which the four SSR components
(Complexity, Perspectives, Inquiry, and Skepticism, Sadler et al., 2007) can be realized
as consisting of aspects of each of the subject areas. Additionally, they include in their
framework a discussion of the ways in which characteristics of individuals influence their
SSR through the KVP components. The authors define Knowledge, Values, and Personal
experience as follows:
● Value: aspect that is “related to people’s affective domain” (p. 12) and is heavily
influenced by sociocultural background
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● Personal experience: degree to which the issue is “connected to their daily life”
(p. 12), either through direct or indirect experiences
● Knowledge: the use of scientific evidence based on “concepts, theories, laws, or
evidence developed and discovered” (p. 13).
Collectively, these elements provide a way of thinking about how KVP of the students
may relate to the ways in which they approach SSIs.
Research that has been done using the framework has found that mention of
Value is especially prevalent in SSR (Christenson et al., 2012) and that differences
between the three KVP components (Knowledge, Values, and Experience) can lead to
different reasoning trajectories when different groups of students are working on the
same SSI (Rundgren et al., 2016).

Although valuable, this work only measured the

frequency at which Knowledge, Value, or Experience was mentioned in discussion of an
SSI.
In my research, I used the SEE-SEP framework to further study the relationship
between these factors on how students reason about SSIs by measuring both KVP and
SSR to see how KVP can be associated with levels of SSR displayed by high school
students for two SSIs (preserving an environmental area and using genetic screening to
detect disorders). The SEE-SEP framework hypothesizes that this relationship exists, but
the relationship had not yet been tested quantitatively. Although the work cited above has
shown that each of the three KVP components contributes to arguments students develop,
research had yet to measure how they relate to differences in levels of reasoning about
SSIs, which is an important assumption of the framework. Because these studies suggest
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that the topic of the SSI changes the extent to which each of the three components is
utilized in reasoning, I also tested whether a different topic would affect the levels of
SSR.
Context of the Study
In this study I surveyed high school students, thus my conclusions and
implications are made regarding this population. High school students, who are beginning
to acquire more responsibility for making decisions independently, for instance as they
register to vote, begin driving, and seek employment, find themselves at a critical stage in
which they need support in understanding the issues they see and are expected to form
opinions and make decisions about. The major goal of teaching using SSIs is to prepare
students for democratic decision-making through supporting development in
understanding and appreciating issues for their complex and multi-faceted nature (Sadler
et al., 2007; Zeidler et al., 2005; Zeidler, 2014). Thus, exploring the ways in which high
school students reason about SSIs and how that reasoning can be influenced by students’
characteristics is particularly important.
In this quantitative study, I analyzed data from high school science students who
attended high school in the southeastern United States. I received approval to work in
three schools and surveyed a total of 18 classes of nine teachers. Using high school
students for this study had several advantages, in addition to alignment with the
citizenship goal of SSIs that I mentioned at the start of this section. I used an instrument
that was designed for college students (the Quantitative Assessment of Socioscientific
Reasoning, or QuASSR), but I aligned these questions with current Next Generation
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Science Standards (NGSS Lead States, 2013) to show that the questions are suitable for
high school students (see Appendix A for standards alignment). By selecting high school
students, I positioned myself to be able to extend and validate the use of the QuASSR to
another group of students, thus opening avenues for future research with this tool.
Additionally, by using high school students, I worked with students who have all had
exposure to genetics and environmental topics. High school students in the state in which
I collected my data receive instruction on these topics in middle school, according to state
standards, so all high school students have had exposure to them, whereas middle school
students may not have encountered those topics yet in their classes, particularly since I
collected data early in the fall semester.
My instrument used genetic and environmental SSIs (genetic screening to detect a
disorder and preservation of an environmentally sensitive area). These two topics are
well-represented in research about SSIs (Sadler, & Zeidler, 2005b) because they contain
many issues within their realm “involve the products or the processes of science and
create social debate or controversy” (Sadler & Zeidler, 2005b, p. 112). Additionally,
these topics are well-reflected in the NGSS, so students I surveyed would have had some
knowledge of them, as opposed to medical SSIs, which often appear in SSI literature but
are not required to be studied by national science standards.
Definitions
ACSSR (Assessment of Contextual Socioscientific Reasoning): instrument for use
in this dissertation to measure SSR that includes questions and scenarios from the
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QuASSR and items I created that also assess SSR for genetics topics, thus allowing for
comparison across different contexts of genetics and environmental issues
CFA (Confirmatory Factor Analysis): factor analysis technique that is “theorydriven… to estimate a population covariance matrix that is compared with the observed
covariance matrix” (Schreiber et al., 2006, p. 323)
EFA (Exploratory Factor Analysis): analysis employed to “describe and
summarize data by grouping together variables that are correlated” (Mertler & Vannatta,
2013, p. 245)
KVP (Knowledge, Values, Personal experience): three characteristics of
Knowledge, Values, and Personal experiences of individuals that are “influential
important factors for individuals to argue about SSIs” (Chang Rundgren & Rundgren,
2010, p. 10)
MANOVA (Multivariate Analysis of Variance: statistical technique used to “test
the significance of group differences…[allowing for the use of] several DVs” (Mertler &
Vannatta, 2013, p. 119).
MANCOVA (Multivariate Analysis of Covariance): statistical technique that
assesses if “there are statistically significant mean differences among groups after
adjusting the newly created DV for differences on one or more covariates” (Tabachnick
& Fidell, 2013, p. 247)
OMC (Ordered Multiple Choice): format of multiple choice questions in which
“Each possible answer choice...is linked to developmental levels of student
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understanding, facilitating the diagnostic interpretation of student responses” (Briggs,
Alonzo, Schwab, & Wilson, 2006)
QuASSR (Quantitative Assessment of Socio-Scientific Reasoning): quantitative
SSR instrument designed as a “brief narrative presentation of an SSI and a series of
multiple choice questions using a two-tiered ordered multiple choice (OMC) format”
(Romine et al., 2017)
Repeated-measures MANCOVA: variation of MANCOVA in which “subjects are
repeatedly tested on more than one DV under each level of the treatment factor” (Verma,
2015, p. 161)
SEE-SEP Framework: model of SSI that “covers six subject areas of SSIs:
sociology/culture (S), environment (E), economy (E), science (S), ethics/morality (E) and
policy (P), connecting with three aspects of value, personal experiences and knowledge”
(Chang Rundgren & Rundgren, 2010, p. 10)
SEM (Structural Equation Modeling): “a collection of statistical techniques that
allow a set of relationships between one or more IVs, either continuous or discrete, and
one or more DVs, either continuous or discrete, to be examined” (Tabachnick & Fidell,
2013, p. 681).
SSI (Socioscientific issues): pedagogical movement that “focuses specifically on
empowering students to consider how science-based issues and the decisions made
concerning them reflect, in part, the moral principles and qualities of virtue that
encompass their own lives, as well as the physical and social world around them (Zeidler
et al., 2005, p. 360).
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SSR (Socioscientific reasoning): “a theoretical construct which subsumes aspects
of practice associated with negotiation of SSI and address the citizenship goal” (Sadler et
all, 2007, p. 374)
Assumptions
This research used a survey to measure student SSR on topics related to genetics
and environmental science, specifically environmental preservation and genetic
screening. I selected these two topics because they were well-suited for SSIs because of
the diversity of perspectives that can exist and their presence in current debates. This
research assumed that the scenarios selected for the survey are reflective of SSIs in
general, and I checked this assumption using a pilot study that consisted of careful
selection of scenarios based on existing literature and reviews by two expert panels--one
of researchers in SSI and one of teachers--as well as a pilot administration of the items to
a small group of high school students.
I delivered the KVP instrument in an open-ended format using three questions to
measure each construct (Knowledge, Values, and Experience). These are broad
constructs that need careful definition when measured, thus I constructed the questions
used based on the definitions provided by the framework I used in this study (Chang
Rundgren & Rundgren, 2010). Thus, the research assumed that the questions used are
reflective of a component of KVP that can be related to SSR. Because the framework I
used illustrates a relationship between SSR and KVP, this assumption can be supported
with consistent alignment to the framework through methodological decision-making and
development of interpretations, as discussed in Chapter 4 during presentation of
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instrument development. This assumption was supported in Chapter 6 by my use of
careful language when communicating the results of the study to avoid the validity threat
of construct over or underrepresentation (Messick, 1995).
Scope and Delimitations
Students involved in this study all attended high school in the same area in the
Southeastern United States. Though this convenience sampling reduced the confounding
effects of environment or student characteristics (e.g. area science standards, issues that
affect the area), it does restrict the ability to extend conclusions to different populations.
Additionally, the instrument developed measured SSR in two contexts, environmental
science and genetics, thus the conclusions of the comparison are limited to these two
contexts. Finally, the conclusions about the associations between SSR and KVP are
limited to the ways in which the KVP components are defined; other articulations of any
of these three constructs will not be reflected in this study.
Limitations
The results of this study cannot be assumed to extend beyond the population
involved in this study. This population was composed of students living in the same
geographic area. Because SSI includes attention to the importance of local context on
student engagement, the lack of directly relevant choice of SSI in the problem scenarios
presented in the instrument may influence the SSR scores; the students may have
performed at higher SSR levels if presented with a more personally relevant issue.
However, to make the findings somewhat generalizable, I used SSI contexts that were
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globally rather than locally relevant. Still, the homogeneity of the demographics of the
sample imposed limitations to generalizability to more diverse groups.
I used exploratory factor analysis (EFA) and confirmatory factor analysis (CFA)
to test the factor structure of the KVP instrument employed for this research. Using these
analyses allowed me to determine if the constructs that were expected to be measured
grouped together. They are, however, limited methods of validation because they only
confirm if a structure exists rather than considering other possibilities for the factor
structure that may exist if additional data were collected or different questions asked
(Goldstein, 2015). Further validation will need to involve consideration of alternative
hypotheses that could fit the data, and this is discussed in the final chapter in the Future
Work section.
For RQs 1 and 2 I evaluated the data using SEM then, finding the complications
with the analysis, MANOVA. Tests using SEM confirm of an existing framework
(Tabachnick & Fidell, 2013), thus conclusions drawn using this technique are based on
the assumption of the soundness of that framework. Additionally, because SEM is
frequently referred to as “causal modeling,” (Tabachnick & Fidell, 2013, p. 687), there is
a need in the interpretation of SEM to clarify that the results do not imply a causal
relationship but instead to statistically model a relationship that reflects a theoretical
model. MANOVA, unlike SEM, does not include latent variables and lacks a way of
accounting for measurement error. Thus, MANOVA still allows for multivariate analysis
by considering the effects of several dependent variables (DVs) on outcomes, but it lacks
the predictive ability available through regression approaches such as SEM. Additionally,
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to use MANOVA, independent variables (IVs) must be converted to categorical groups,
which reduces the variety provided by the use of continuous IVs through SEM. A more
in-depth discussion of the comparison of these methods and the limitations introduced is
presented in the final chapter.
In conducting the MANCOVA I used to answer RQ 3, I controlled for specified
measures of background, defined by self-reported grades in science and class level as
well as demographics of race, and gender. My analysis did not consider other potential
variables which may influence results, for instance involvement in extracurricular
activities associated with science. Additionally, students self-reported all of the
demographic information, including the question asking students to supply their typical
grades in science class. Thus, this work also assumed honest responses from students
who participate in the study. To minimize this concern students responded to all
questions with assurances of anonymity, and responses were not tied with any student
evaluation. MANCOVA is limited in that it only provides information about group mean
differences and is inappropriate for drawing conclusions about the proportionality of how
factors contribute to a measure of an overall construct (Tabachnick & Fidell, 2013).
Summary
SSIs provide an avenue for teaching scientific literacy that includes awareness of
the relationship between science and society in complex social issues. Students enter
classrooms with different KVP associated with these topics, but it has not yet been
measured how their KVP could influence the level at which they are able to approach the
SSIs.
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This study extended the work of Romine et al. (2017) by expanding upon their
instrument to include a genetics topic in addition to environmental issues, collectively
comprising the ACSSR. Additionally, in my research I paired the ACSSR with a measure
of student KVP to assess the theory put forth by theoretically by Chang Rundgren &
Rundgren (2010) and studied experimentally by Christenson et al. (2012) that argues for
a relationship between SSR and these components of student KVP. Through use of these
instruments, I studied if student displays of levels of SSR differed in the environmental
and genetic contexts (RQ3) and how levels of SSR are associated with the KVP of the
students (RQs 1 and 2). I used repeated-measures MANCOVA to answer RQ3 to assess
if students reasoned differently on different SSI topics, controlling demographics of
science class, typical science grades, grades, gender, and race. I used SEM and
MANOVA to answer RQs 1 and 2 to assess the relationship between KVP and SSR and
compare it for both topics. This work is valuable to inform teachers of areas of emphasis
when using SSRs in genetics or environmental issues, two of the main topic areas for
SSIs (Sadler & Zeidler, 2005b), or when dealing with controversial topics with which
students have KVP, and it helps researchers understand the limits of the generalizability
of their work that considers an SSI on only one topic.
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CHAPTER 2: LITERATURE REVIEW
Introduction
The purpose of this study is to measure how high school students reason about
SSIs that are presented on environmental and genetic topics and to demonstrate to what
extent their level of reasoning is associated with their KVP, as well as to study if the level
of SSR differs for different SSI topics when controlling for demographic background,
which is defined by students’ age, grade level, race, gender, typical grades in science, and
current enrolled science class.
This chapter discusses how the SSI curricular movement evolved from the
science-technology-society (STS) approach and highlights how SSI differentiates itself
from this earlier approach, as well as how it is beneficial for students. First, I give a brief
background on STS, including how it was defined and challenges that arose in response
to it. Then, I discuss how SSI was constructed to address those challenges. Then I present
literature that highlights ways in which the SSI curriculum can benefit students, followed
by research that discusses challenges teachers face in using SSIs. Then I discuss the
construct of SSR as a measure of how students work with SSIs. Finally, I discuss how
gaps in the research fail to fully consider how the KVP of the student may influence how
the students approach the issue.
Background of SSIs
In this section I outline how SSI as an instructional approach arose from
perceived weaknesses in the science-technology-society (STS) context for learning
science that was forwarded by Yager and Tamir (1993). This discussion of SSI’s origin
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serves as a context for understanding why learning science using SSIs is important
because it meets developmental needs for students that are not addressed through other
approaches. First, I describe what STS is and the criticisms against it raised by several
researchers. Then, I define SSI in terms of how it contrasts with STS and addresses those
criticisms. This section supports my work by providing a context for SSI and, by showing
how it arose out of challenges to STS, defining how it differentiates itself from other
science education movements.
Shifting from STS to SSI
SSI arose out of dissatisfaction with the implementation of the STS curriculum,
namely the lack of attention to how individual views and social contexts can influence
and shape problems that arise and solutions that are developed (Zeidler et al., 2005),
considerations that align with scientific literacy goals (Zeidler, 2014). In this section I
will define STS, enumerate weaknesses that have been identified with its implementation,
and describe how the SSI movement was developed to address those weaknesses.
Defining STS. STS was developed as an approach to science instruction aimed at
addressing reform concerns of the 1960s, such as the need to focus on real-world
connections and to facilitate an awareness of nature of science (NOS) in science students
(Yager & Tamir, 1993). This need was interpreted as a “crisis” in science education in
that students were not prepared to contribute meaningfully to the increasingly rapid pace
of technological development needed for a growing globally competitive economy
(Wraga & Hlebowitsh, 1991). Previously, curricula were developed with a high degree of
standardization to be “teacher proof”—implying that the curriculum would work without
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much in the way of teacher agency—however, STS requires a curriculum that is
developed from the ground up, using student differences and interests as a foundation for
learning (Yager & Tamir, 1993; Wraga & Hlebowitsh, 1991).
STS has been defined by several sources, resulting in differing ideas of
frameworks and goals, a problem identified by Hofstein (1988). Aikenhead (1996)
defined STS as approaches
that emphasize links between science, technology and society by means of
emphasizing one or more of the following: a technological artefact, process or
expertise; the interactions between technology and society; a societal issue related
to science or technology; social science content that sheds light on a societal issue
related to science and technology; a philosophical, historical, or social issue
within the scientific or technological community (p. 52 –53).
Wraga and Hlebowitsh (1991) stated that STS education is education that “stresses the
interaction of personal and social goals within a problem-focused framework” (p. 54).
Heath (1992) defined it as “an instructional approach that incorporates appropriate STS
knowledge, skills, attitudes, and values” (p. 52). Hofstein (1988) stated that STS means
“teaching science content in the authentic context of its technological and social milieu”
(p. 358). Collectively, these definitions showed a shared understanding that STS
instruction involves curriculum and teaching situated within experiences to which
students can relate in a real-world context.
However, these definitions did differ to the extent at which a problem-based
approach is emphasized; for instance, students can be taught about STS issues along a
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backdrop of local and current issues according to the Hofstein (1988) description without
engaging in solving problems, or, in other words, this curriculum could still be presented
using a teacher-centered, traditional approach. Other work extends these definitions to
include attention to the affective influence an STS approach can have on students. Yager
and McCormack (1989) listed four goals for STS: concepts (the content), process (the
work of how scientists do science), creativity (skills such as creating models and
generating new ideas) and attitude (encouraging students to like science more). Similarly,
Bennett, Lubben, and Hogarth (2007) discussed the value in how STS influences
students’ affective view towards science in school.
Yager (1990) and Yager and Tamir (1993) worked to differentiate the STS from
traditional curriculum to emphasize how teachers employing STS practices would differ
from textbook approaches to teaching science. Yager (1990) considered the two
(traditional versus STS) within the domains of application, creativity, attitude, process,
and knowledge in a comparison that heavily favors STS. For instance, he portrayed the
traditional approach to instruction as requiring students to passively learn facts to do well
on a test, inviting little room for creativity or personal reflection, and misrepresenting
science as involving little active engagement or personal influence. STS, on the other
hand, he described as an approach that is problem-based, locally relevant and personal,
and results in meaningful learning of knowledge that allows students to see the purpose
and utility in learning science. In Yager and Tamir (1993) the authors also included
reference to the use of sources beyond the textbook, such as the community, and peer-topeer learning as characterizing STS but not seen in traditional approaches.
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Challenges for STS. At its inception, several researchers noted a few challenges
to STS. Hofstein (1988) remarked on the lack of agreed-upon vision for the approach,
inadequate training of teachers, and scarcity of resources in the form of curriculum guide,
pedagogical strategies, or materials for teachers to use. He also remarked on the
challenge of “selling” the program within an assessment-heavy educational system that
did not invite space for these cross-curricular approaches. Hofstein (1988) and Heath
(1992) noted the difficulty in finding space within classrooms and school schedules for
STS.
However, these challenges are to be expected in any major educational reforms,
but others noted additional barriers to the success of implementation of the theoretical
vision of STS. Lederman and Niess (1997) attributed lackluster data in support of STS to
inherent differences in each discipline that posed nearly insurmountable barriers to
integration. Others have also noted that STS in practice left out important aspects of
societal concerns, which hindered the authenticity of the problems. For instance, Hughes
(2000) used analysis of syllabus texts and classroom discourse to demonstrate that
socioscientific concerns are often omitted or marginalized from STS curricula such that
socioscientific concerns are portrayed as being less important than more quantifiable
impacts of scientific and technological discovery on society. In a similar vein,
Boerwinkel, Swierstra, and Waarlo (2014) compared “hard” and “soft” impacts of
advancements in science and technology. The authors argued that “hard” impacts are
easily quantifiable outcomes that have sway in policy decisions--such as health,
environment, and safety. Though valuable, the STS approach focused on these “hard”
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impacts with little attention to “soft” impacts--influences of science and technology on
individual and societal values and ethics, for instance how movements in technology
threaten our understanding of the value of creation and ecological interdependence. Using
a framework of genetic testing, they outlined how the hard and soft impacts of the issue
can be used to give a more holistic picture of the problem and suggests avenues for
including socioscientific components to STS curricula particularly through classroom
discourse analysis. They discussed how social issues in the classroom often encounter
“discussion stoppers” such as “because God made it that way” which makes it difficult
for teachers to move conversations on social and ethical issues, such as genetic testing
and in-vitro fertilization, forward. This tendency for students to use discussion stoppers
factors into teacher hesitancy to discuss social implications, the soft impacts, of science
and technology. The authors suggested for instruction on innovation to include explicit
discussion of hard and soft impacts such that students recognize that both are rooted in
value codes--the difference being that “hard” impacts are presented as universal values.
Overall, the authors advised revision of STS curriculum to include socioscientific
components through inclusion of
● Explicit attention to discussion stoppers
● Helping students to become aware of “instrumental and determinist
attitudes” (p. 497)
● Explicit instruction on hard and soft impacts and how both relate to values
● Use of real-world examples as a vehicle for teaching about science,
technology, and society and how they influence one another
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In another challenge to STS curriculum, Barrett and Pedretti (2006) showed that
STS curriculum could work for either “social reconstruction or social reproduction” (p.
237), meaning that the STS curriculum was insufficient to promote social awareness that
is necessary for producing the changes that contribute to movements towards social
justice. Fortunato (2017) called for a curriculum that is “antifragile,” meaning that it can
adapt to frequent shifts in public opinion and technological development. Although the
STS curriculum may be equipped to be “antifragile” for the latter, it is not, as practiced
and used, able to address the former.
SSI Definition and Contrast with STS
In an attempt to address these gaps in the STS curriculum, Zeidler et al. (2005)
described a movement in SSIs. The authors stated that the STS curriculum was enacted
such that the personal development of the child was removed from consideration and
asserted that science education should also be concerned with “empowering students to
consider how science-based issues reflect, in part, moral principles and elements of virtue
that encompass their own lives, as well as the physical and social world around them” (p.
357). Zeidler (2014) further explained this point, comparing SSI approaches with
traditional curricula that “tend to produce students whose epistemological beliefs and
their justification for those beliefs are derived through dogma or non evidential (faith)
methods of instruction (p. 698). As an example, Zeidler et al. (2005) contrasted the SSI
movement with STS noting that
the overarching purpose of the STS approach is to increase student interest in science
by placing science content learning in a societal context, SSI education aims to

25

stimulate and promote individual intellectual development in morality and ethics as
well as awareness of the interdependence between science and society. SSI therefore
does not simply serve as a context for learning science, but rather as a pedagogical
strategy with clearly defined goals. (p. 360)
Zeidler and Keefer (2003) explained further “science education, therefore, should
stress that political and religious commitments, economic factors, technical feasibility as
well as ethical implications influence our understanding of socio-scientific issues” (p.
10). Sadler (2009) summarized that the “SSI movement represents an evolution of the
progressive agenda for science education (over STS) in that a framework that explicitly
considers the psychological and sociological development of learners is central to SSI
based education” (p. 699). Thus, what sets SSI apart from other movements such as STS
is the emphasis on the need to consider all of these factors when arriving at decisions
about SSIs. Multiple researchers (e.g. Lee, Chang, Choi, Kim, & Zeidler, 2012; Sadler &
Zeidler, 2005b; Topçu, Yilmaz-Tüzün, & Sadler, 2011) have since shown that moral and
ethical concerns contribute to the arguments constructed and decisions made by
individuals faced with an SSI in a classroom setting.
Instruction using SSI considers the value-laden aspect of scientific progress and
includes attention to culture and community, a component that addresses the concerns
raised by several researchers of the lack of attention to soft impacts of science. In their
work, Zeidler et al. (2005) described a theoretical basis of SSI that includes four areas of
focus:
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A. nature of science: the epistemological beliefs of students influence the ways the
approach complex scientific issues. There is a need for students to understand
how to critically consider multiple views of a scientific issue and learn reasoning
skills that can serve them as citizens
B. classroom discourse: Students need opportunities to engage in peer-to-peer
learning that helps them to develop argumentation skills, including raising and
responding to challenges to one’s own perspective
C. cultural issues: The classroom needs to acknowledge the cultural milieu of
science, including how emotions tied to culture can influence perspectives on an
SSI. Capitalizing on the diversity of classrooms is instrumental.
D. case-based issues: Using controversial issues will engage students in developing
decision-making practices that support the moral and ethical development of the
student as they become aware of their values and how those values sway their
approach to the issue.
Through the inclusion of these elements, SSI was established as more than a context for
teaching content; SSI can serve as “entry points in the science curriculum that can
contribute to a student’s personal intellectual development” (p. 361).
How Students Benefit from SSI
This section highlights several studies that have shown that SSI pedagogy results
in positive outcomes for students by providing gains in content knowledge,
communication and argumentation, and cultural awareness. This section also discusses
some of the challenges teachers face when considering implementing SSIs, highlighting
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the need for further understanding of students engage with SSIs and to support teachers
as they use them.
Content Knowledge
A few studies have produced findings that suggest that curricula that include SSIs
support content knowledge gains. For instance, Klosterman and Sadler (2010) showed
that students in a SSI unit achieve significant gains in content knowledge. The
researchers implemented a three-week unit on global warming and measured gains in
content knowledge using both “proximal assessment” through performance on an exam
aligned with classroom curriculum and a “distal assessment” through a standards-based
test. This work was particularly valuable in showing that SSI can be used while still
producing desirable performance on standards-based assessments that often measure the
quality of schools and teachers. Ottander and Ekborg (2012) also studied how students
develop content knowledge from participation in an SSI, but they relied on self-report
measures from students about their perceived development following engagement in six
socioscientific cases. Nearly all students reported that they feel they learned new facts,
with girls reporting that they learned more than boys. The perceived learning differed by
case, supporting other research that shows outcomes for SSI are dependent on the SSI
context. Interestingly, students overall reported that the work was easy to do, an outcome
that raises questions about how rigor in SSI units could influence outcomes.
In addition to supporting understanding of scientific ideas, other work has
suggested that use of SSIs helps students understand the nature of scientific issues better.
Levine Rose and Barton (2012) used case study methodology of two middle school
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students in an after-school program to show how middle school students who experienced
an SSI unit about power plants could use the context of the SSI to express that scientific
issues are complex and require knowledge from multiple disciplines in design of
solutions. However, the authors noted that a significant factor in the direction of student
reasoning was prior knowledge. Students did engage in scientific reasoning, but the
conceptual frame they brought with them, constructed by prior experiences and values,
dictated the scientific arguments the students constructed. Thus, although they engaged in
scientific reasoning, they used scientific reasoning that would allow directions in support
of their beliefs and values. This work implied that although students may learn about
science and scientific processes through an SSI, they are not necessarily going to learn
how this information can be viewed from multiple perspectives. This additional goal
requires clear communication aims from the SSI.
Communication
Other researchers have examined how SSI can be a vector for developing
communication skills in students. Chung, Yoo, Kim, Lee, and Zeidler (2016; 2014) used
a pre and post-intervention administration of the Communication Skills Questionnaire
(CSQ) and interviews with students and classroom observations to demonstrate that an
SSI program on genetically modified organisms improved 9th grade students’
communication skills; following the unit, students were more appreciative of alternative
perspectives and had somewhat improved in their ability to develop an argument, though
there was no evidence that the intervention helped students to arrive at consensus.
However, Raven et al., (2016) did conclude that SSI could provide an avenue for helping
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students develop argumentation skills beyond trying to “win” a debate, but rather towards
reaching consensus.
Rudsberg et al., (2013) considered the use of SSI to help students develop skills in
argument using transactional argumentation analysis, which is a methodology the authors
derived and suggest could enable “analyses of teaching and learning in argumentative
discussions via in situ studies of SSI discussions” (p. 595). They were interested in
learning how argument quality changed and new knowledge was constructed during the
SSI and how prior knowledge and teacher action influenced these developments. This
analysis involved three stages. First, they looked at how students constructed arguments.
Second, they looked at use of argumentative strategy. Finally, they looked for evidence of
learning about both content and argumentation based on development of argument
quality over time. Though the purpose of the study was predominately to show the utility
of the transactional argumentation analysis in SSI, they also demonstrated that through
involvement with the SSI students learned to support their claims and identify new
solutions. Thus, the quality of argument and complexity of knowledge improved over
time as a student engaged with SSI, and that prior knowledge and interactions with peers
and the teacher influenced development of arguments in particular directions and towards
higher levels of Complexity.
Kahn and Zeidler (2016) considered the utility of SSI approaches to improvement
in skills on perspective taking, which they define as “a dynamic process requiring the
ability to differentiate others’ views from one’s own and systematically evaluate how
those data fit within the realm of one’s cognitive and affective experiences” and that it is

30

a “key condition for productive argumentation” (p. 263). They noted that approaches to
introduce perspective taking in science are lacking, yet SSR tasks can easily lend
themselves to activities that develop this skill in students. In their study, they
demonstrated how research in perspective taking in the fields of humanities, arts, and
social sciences (the HARTSS) showed alignment to SSR and suggested how perspective
taking could be included in science curricula. Although this work did not describe an
intervention that shows student development in communication, it did suggest a
theoretical alignment between SSI and argumentation skills.
Scientific Literacy and Sensitivity
Scientific literacy goals in the United States have shifted from the vision of all
students possessing a shared understanding of basic scientific principles to the aim that
students should possess an awareness of science such that they are able to participate in
informed decision-making as a responsible democratic citizen, which requires attention to
how science and society co-influence one another and how this mutual relationship
affects the lives of individuals (Roberts & Bybee, 2014). Zeidler (2014) termed this
evolved form of literacy “functional scientific literacy.”
An aspect of the redefined version of scientific literacy is understanding the moral
reasoning involved in how people think about SSIs. Sadler (2004) described this
awareness as “interpreting reactions and feelings of others, understanding causeconsequence chains of events and how these may affect involved parties, empathy and
role taking skills to ‘become aware that a moral issue is involved in a situation’ (Bebeau
et al., 1999, p. 22)” (p. 341). Sadler (2004) used this framework to study how thirty
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college students reacted to SSIs on genetic engineering. They found that in both scenarios
students expressed moral considerations of consideration of others, need to maintain the
natural order, and concern of “slippery slope” implications, such that a decision may
results in subsequent decisions that lead to undesirable consequences (Boss, 2002; cited
in Sadler, 2004). In one situation the students also used moral intuition (e.g. gut feeling
about whether or not something is right) as they considered the SSI. However, the
respondents also discussed non-moral reasoning as they considered the SSI, such as
economic outcomes and roles of science, technology, and medicine. In some cases, moral
and non-moral considerations coincided, and in others they conflicted with one another,
leaving a more difficult decision for the student to make in resolution of the SSI. This
research suggested several implications for SSIs: that students bring in their own values
which influences decisions, that reasoning may differ depending on context, and both
moral and non-moral criteria are used with the SSI. Similarly, Lee, et al. (2012) studied
moral reasoning about the issue as a component of scientific literacy and considered how
preservice teachers reasoned about SSIs. Like Sadler (2004), they found that context
influenced the directions of moral reasoning and that personal characteristics affected
judgements. For instance, respondents appeared to rely on economic progress and its
potential for their own country above moral concerns in more locally relevant issues
rather than those that were more global, to which they applied more consideration of
justices, suggesting the significance of emotion in moral reasoning.
Neither of these studies examined how awareness of the inclusion of moral
considerations in reasoning could develop through use of an SSI, though they did suggest
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that SSI could be useful for unveiling how morals influence decision-making. Some
researchers have taken this line of study. Lee et al. (2012) were interested in
understanding the influence of an SSI curriculum on attention to ethical concerns brought
about by scientific progress. The utilized a unit on genetic modification with 9th grade
students to show that students developed more awareness of ethical considerations on
technological progress and more sensitivity to the social implications of scientific and
technological development. Additionally, they expressed more concern for how the future
of the technology develops. However, evidence that students adopted personal agency
towards the issue was not available.
Han and Jeong (2014) used a semester-long course on science and engineering
ethics to see how moral judgement and epistemological beliefs can shift with explicit
attention to ethics in relation to science and technology. Although this study did not
explicitly state the use of an SSI framework, the approach of including moral and ethical
implications of science and technology fits the framework of SSI. They did find
significant change in both measures at the conclusion of the semester. They noted that the
approach was most effective when students were challenged to reconsider their prior
conceptions about an issue and discuss that the practice of including ethics in the domains
of science and engineering is more effective than teaching ethics separately at advancing
moral reasoning and epistemological belief because of the context to which students
could relate. It is noteworthy, however, that the population of this study was Korean
students identified as talented in science and engineering, thus the effects may not be as
pronounced for students who are not as engaged in the scientific subjects.
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As part of a larger study on the impact of SSI on high-school anatomy students,
Fowler et al. (2009) studied how the intervention of an SSI curriculum influenced the
likelihood that an individual would recognize the moral aspects of an issue, a
characteristic they termed “moral sensitivity.” Note that they did not use this term to refer
to the strength of the students’ moral convictions associated with the issue, but rather
their ability to perceive the moral conflicts inherent in the issue. They used an
experimental group (taught using an SSI framework) to compare to a control group
(taught using a traditional, textbook-based approach). Four classes total—two in the
experimental and two in the control group—participated in the study, all taught by the
same teacher. Researchers used pre- and posttest scores on a modified instrument
designed to assess moral sensitivity in response to a situation. The researchers modified
the instrument by adding a second scenario, so that student participants were assessed on
moral sensitivity in response to an issue about genetic modification and one about
cloning. Growth in moral sensitivity was observed for both groups, but the growth was
significantly higher for the control group in their responses to the genetic modification
scenario but not the cloning scenario. These results suggested that SSI could support
growth in moral sensitivity but also contributes to the research that outcomes of SSI
interventions are context-dependent.
Current challenges in teaching about SSI
Despite the support for SSI found in the literature cited in the section above, it
may not be seen often in classrooms because adopting pedagogy that incorporates social
perspectives and considerations can be difficult for teachers. Teachers recognize that
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using social perspectives to teach science is a justifiable approach, but they are reluctant
to do so themselves and are readily able to supply reasons not to try (Aikenhead, 2006,
cited in Lee & Witz, 2009). Some avenues have been suggested to support teachers as
they adopt this pedagogy. Carson and Dawson (2016) implemented a professional
development (PD) program with Australian secondary science teachers. The goals of the
PD included increasing content knowledge, addressing misconceptions, and helping
teachers understand how to facilitate argumentation in their instruction centered on SSIs.
The SSI program of instruction was also explained to the teachers, most of whom
reflected that they had used SSIs before in their classes without being familiar with the
term. Through engagement with the PD, teachers interacted with professional experts on
climate change and developed curriculum resources. Teachers indicated that the PD
helped them think about using SSIs, and follow-up observations by researchers indicated
that teachers were making strides to include SSIs and argumentation in their courses. The
authors concluded that teachers are not going to be inherently comfortable teaching SSI
and need support through professional development programs, curricular resources, and
communications that their efforts are supported in the classroom to implement SSI in a
sustained way such that student gains are realized. This study did not extend beyond a
couple of follow-up observations with the teachers, so it is not certain if changes in
practice were sustained.
Many teachers may be reluctant to use SSI because of concerns associated with
covering all of the content required by their standards. Tidemand and Nielsen (2017) used
interviews with Danish biology teachers to show that teachers were reluctant to
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implement the pedagogy because of concerns with student content acquisition, leading to
uses of SSI that distilled the issue to the science, providing an inauthentic and less
engaging task for students. Similarly, Ekborg, Ottand, Silfer, and Simon (2012)
administered a questionnaire to teachers to show that teachers are most concerned about
how SSI affects outcomes for individual students (motivation and greater content
mastery). The teachers in the study did not note that their students formulated questions
or critiqued assertions as part of the SSI, but they saw SSI as a vehicle for learning
content and engaging in group work, which was motivating for students. They identified
a main goal for SSI as an introduction to regular content.
Lee and Witz (2009) used a case study of four teachers who implemented SSI to
highlight how teacher beliefs and values were central to their decision to used SSI and
how they approached teaching SSI. Thus, teachers with different beliefs of how science
intersects with society, religion, and/or technology will approach SSI from different
directions and desire different outcomes for their students. Additionally, the authors
noted that the cases highlighted individual student values and characteristics and how
they related to the SSI, which Lee and Witz noted was absent from reform materials
which focused more heavily on students as future change agents. This research suggested
that teachers need to feel in control of reforms in order for them to be adopted.
Collectively, these studies provide examples of difficulties teachers face and
reasons for why they may be reluctant to use SSIs at all. Additionally, teachers who may
be willing to use SSIs face challenges in thinking about how to assess student activity as
students work with SSIs. Because SSIs should not isolate the science from the social
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aspect of the issue (Zeidler, 2014), it follows that assessment should also be integrative of
the multiple skills involved in negotiating an SSI. However, teachers often do not take
this approach. For instance, Tidemand & Nielsen (2016) noted through interviews and
questionnaires with biology teachers that the teachers typically focused on content in
assessment, which was consistent with an implementation of SSIs that distilled the SSI to
the science of the issue. One approach to assessing SSIs that includes the reasoning goals
that has gained popularity in research and SSI interventions has been through measuring
of SSR.
Socioscientific Reasoning (SSR)
Sadler et al. (2007) sought to provide a concise answer to the question “What do
students gain by engaging in socioscientific inquiry,” and through this pursuit developed
the SSR to provide an “analytic concept to help understand student practice relative to
SSI” (Sadler, 2009, p. 699). In this section I briefly define SSR and how it is used as an
assessment tool. I then discuss literature that suggests that factors such as the topic of the
SSI and KVP of the students, both of which will be explored in my study, may relate to
the ways in which they reason about SSIs. I also point to gaps in existing research, which
I will be able to use to help support the rationale for my work.
Conceptualizing SSR
Sadler et al. (2007) described the construct of SSR as a way to assess the level at
which students make decisions about SSIs. They developed a rubric that takes into
consideration the goal of citizenship education that is unique to SSI, meaning that SSIs
provide a context for which science education can act as a bridge between school and
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community, and this interconnectedness can help students prepare for participation in a
democratic community. This rubric consists of four aspects that the authors identified
through a review of literature on SSIs as significant components of reasoning about SSIs:
● Complexity: SSIs are inherently complex, requiring that multiple dimensions of
the issue (e.g. political, economic, scientific) must be considered when crafting a
resolution
● Perspective: Opposing views will exist about the topic, and many or all may all be
based on sound logic and data despite having contradicting solutions
● Inquiry: Construction of socioscientific solutions requires an ongoing process, so
solutions are always tentative and subject to need to be revisited and reevaluated
to suggest modifications or a new approach
● Skepticism: Claims interest groups make may be biased because they are based on
the wills of those stakeholders, who may cherry-pick data or pursue data
collection that is likely to support their stances
Using interviews with students about how the students approached SSIs, the authors
developed a rubric consisting of four levels of each of the four aspects that reflected
student responses of two SSIs about environmental topics. This construct has been taken
up by many researchers as a measurable assessment of how students progress in their
level of reasoning associated with dealing with SSIs. In this dissertation, I follow their
example by using this Sadler et al. (2007) construct definition as the outcome variable of
RQs 1, 2, and 3 of my study.
Context and Its Influence on SSR
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SSI, and how students reason about SSIs, matters in schools because of its
connection with scientific literacy (Zeidler, 2014), argumentation (Nielsen 2011; 2012
Kolstø, 2006), nature of science (Zeidler et al., 2009) and development of moral
reasoning (Lee et al., 2013). Thus, a holistic understanding of how students engage in
SSR depending on features of the SSI and the characteristics of students themselves can
be valuable in providing avenues for teachers to promote these skills (scientific literacy,
argumentation, awareness of nature of science, and moral development) in their
classrooms. Based on these merits, researchers have begun to tease out how students may
approach SSIs differently based on certain characteristics of the student, however little
research has been done to look at the ways in which the SSI itself influences student
responses. This section will first describe some work that has been done in these areas,
particularly as it applies to student KVP and the topic of the SSI, then I will draw
attention to the need for future research on how student SSR may differ, thus establishing
a rationale for my study.
Relationship between student KVP and SSR. When students discuss
controversial and complex topics, they need to have an opportunity to relate the
arguments that surround the issue to their own experiences (Oulton, Dillon, & Grace,
2004). This notion is supported by research that suggests that populations will reason
about SSIs differently if they have a stronger or weaker cultural connection to the topic
(Ozturk & Yilmaz-Tüzün, 2017). Given that SSI’s contrast to other curricular approaches
lies in its ability to tap into the value-laden aspect of the science-society relationship, it
follows that beliefs, understandings, and experiences of the students may factor into how
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they work with these issues as they are presented within a context of competing interests
and perspectives (Nielsen, 2011; 2012). In research conducted by Zeidler, Herman,
Ruzek, Linder, and Lin (2013), the researchers included in their SSI intervention a
component in which attention to and respect for students’ perspectives, regardless of their
accuracy, was a critical component of using an SSI effectively. This addition highlighted
the significance to giving attention to the KVP of students when using SSIs. Sadler and
Zeidler (2005b) noted that when an individual was confronted with a complex decision
such as those confronted in SSIs, reasoning was more personal and intuitive, thus
suggesting the influence of KVP on the outcome of that reasoning. This influence was so
pronounced that when students did not have a value connection to the topic they had
more trouble deciding about the SSI (Rundgren, Eriksson, & Chang Rundgren, 2016) or
may reason about it less sophisticatedly (Ozturk & Yilmaz-Tüzün, 2017). Other
researchers have demonstrated that values (Christenson et al., 2012; Fleming, 1986;
Zeidler & Schafer, 1984), emotions (Sadler & Zeidler, 2004), and personal experience
(Zeidler & Schafer, 1984) more so than scientific knowledge, frame the decisions
students make about SSIs.
The extent to which the individual student’s characteristics factors into their
approach to an SSI is worthwhile to consider because SSIs cannot be resolved purely
through understanding of scientific content—values and science together, interpreted
through a lens of experience, lead to decisions about these complex issues (Nielsen,
2011; 2012, b; Kolstø, 2006; Sadler, 2004), but often most of the weight of the decision
lies in consideration of personal values (Christenson et al, 2012: Lee et al., 2012). In fact,
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students often manipulated the scientific content to assert their arguments and meet the
needs established by their pre-existing values (Nielsen 2011; 2012), and when they had
trouble arriving at a decision they did not seek out more scientific knowledge (Kolstø,
2006), implying that difficulty in decision-making lies outside of the need for
understanding the science more—instead students need more awareness of the social
components of socioscientific decision-making. Despite this influence, teachers are often
hesitant to discuss their role in SSR because they are uncomfortable doing so (Tal &
Kedmi, 2006) or because they do not see value considerations as relevant to science
(Allchin, 1999).
Topic of the issue and influence on SSR. The construct of SSR existing along
this spectrum of levels suggests that at higher levels of sophistication the skills of SSR
transcend the content. Zeidler et al. (2013) summarized
The assumption here is that the greater epistemological sophistication along these
dimensions [the four Sadler et al. (2007) identified of SSR], the better students
can apply their thinking to varied contextual matters across discipline boundaries
and cultures (p. 252)
This statement suggested a valuable outcome of using SSIs in classrooms in that it helps
facilitate transfer of skills to unique contexts, including those in students’ everyday lives.
Romine et al. (2017, p. 279) stated “effective measures of SSR ought to distinguish
between understanding of the issue and reasoning practices in the context of the issue.”
However, some studies did suggest that the topic of the SSI actually did make a
difference in the way students approached it. Topçu et al. (2011) interviewed Turkish
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preservice teachers about their approach to resolving SSIs about gene therapy, cloning,
and global warming and found that the genetic scenarios (gene therapy and cloning)
elicited more moral-ethical considerations and were more emotive than the global
warming topic. In a study of genetics topics, Sadler & Zeidler (2005b) noted, “the context
of an issue significantly influenced how individuals responded to that issue” p. 125.
Similarly, Berglund and Gericke (2016) found that students prioritized different
dimensions of certain sustainable development issues differently depending on how that
issue was presented to them.
Yet, Herman, Zeidler, and Newton (2018) demonstrated that an SSI intervention
on Yellowstone national park in an area community supported the development of more
nuanced emotive reasoning (e.g. shifting from a stance that affected parties “deserve their
fate” to a more compassionate handling of the issue). Lee and Grace (2012) also showed
how cultural context affected the value individuals placed on sources of information
when faced with a SSI on avian flu. Studies like these suggest that personal relevance of
the issue, rather than the topic itself, affects the type and degree of reasoning employed.
These results taken together with the Zeidler et al. (2013) statement suggests that
topic, but not topic alone, influences the reasoning students employ in multiple ways
(including quality, information attended to, and degree of emotional involvement). Other
factors include content knowledge (Karahan & Roehig, 2017; Sadler & Zeidler, 2005a;
Shea, Duncan, & Stephenson, 2015; Wu & Tsai, 2007), attitudes towards science (Xiao
& Sandoval, 2017), and personal association with the issue (Lee & Grace, 2012; Lee et
al., 2012).
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Need for future work on SSR
Sadler (2009) clarified in a response to an article using SSR as a theoretical
framework by Simonneaux & Simonneaux (2009) that “the four aspects [Complexity,
Perspectives, Inquiry, and Skepticism] contributed some, certainly not all of the defining
aspects of socioscientific reasoning” (p. 700). Indeed, several researchers have suggested,
implicitly or explicitly, additions to the SSR analytic concept. Simonneaux and
Simonneaux (2009), authors of the paper to which Sadler was responding, discussed the
need to add the aspects of considering risks and unknowns and expressing values, though
Sadler argues that these components are reflected within the SSR aspects already or, in
the case of values, describe influences on reasoning rather than serve to distinguish levels
of reasoning. Additionally, Karahan & Roehig (2017) found through case study of high
school students the additional components “identification of social domains affecting the
SSI,” “cost/benefit analysis for evaluation of claims,” and “understanding that SSIs are
context bound.” Though these conclusions have some congruency with that of
Simonneaux and Simonneaux (2009), thus possessing the same weakness that Sadler
argues, the work by both sets of authors suggests that the way SSR is often
conceptualized may overlook considerations such as context and risk.
Regardless of the semantic debate that may exist in research circles about how
SSR aspects are defined, these conclusion supports much of the research cited above that
points to characteristics of the student and the SSI topic as influential components of how
and why students reason about SSIs in particular ways. Sadler (2009) clarified that
values, the SSR aspect addition proposed by Simonneaux and Simonneaux (2009), have
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an important influence on SSR but are not themselves reflected by the SSR construct,
which limits itself to evaluation of reasoning levels. Research that shows relationships
between characteristics of individuals and their SSR can help to clarify these connections
and provide a clearer framework that distinguishes between influences on and aspects of
SSR.
Conclusion
This chapter discussed research related to SSI and SSR, including how the SSI
movement arose, how it differs from a previous science education concept (STS), and
how SSR has been defined to allow measurement of student reasoning with SSIs. It also
discussed the need for further understanding of how the context of the SSI and
characteristics of the student may relate to the level at which students reason about the
SSI. The next chapter will present the theoretical framework I used in my study to bring
together the ideas of SSR with the characteristics of KVP and SSI topic.

44

CHAPTER 3: THEORETICAL FRAMEWORK
Introduction
The purpose of this study is to measure how high school students reason about
SSIs that are presented on environmental and genetic topics and to demonstrate to what
extent their level of reasoning is associated with their KVP, as well as to study if the level
of SSR differs for different SSI topics when controlling for demographic background,
which is defined by students’ age, grade level, race, gender, typical grades in science, and
current enrolled science class.
The previous chapter ended with a call for research that connects influences of
and aspects of SSR. This chapter discusses a theoretical framework that attempts to bring
these components together and that I use to interpret the findings of this dissertation. I
used the Sociology/culture, Environment, Economy-Science, Ethics/morality, Policy
(SEE-SEP) (Chang Rundgren & Rundgren, 2010) framework for my dissertation, and in
this chapter, I discuss how the SEE-SEP framework exposes need for further
investigation about why students may reason about SSIs differently that was addressed
with this dissertation study. In this chapter I use the SEE-SEP framework to explain
theoretically the relationship between SSR and student KVP, and I discuss how this
model was used to guide measurement and analysis in my dissertation.
SEE-SEP Theoretical Framework
When students reason about SSIs, they must utilize complex reasoning skills that
allow them to think about problems in multiple ways (Sadler, 2004; Sadler et al., 2007).
Thus, understanding what factors influence how students construct arguments about SSIs
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or under what circumstances those decisions may differ is worthwhile to study to inform
instruction on SSIs and promote active participation in scientific issues. In consideration
of this need, this dissertation is framed by the SEE-SEP framework (Chang Rundgren &
Rundgren, 2010).
Description of the SEE-SEP Framework
Most real-world decisions are complex and multi-faceted, consisting of several
smaller selections such as those that are made automatically out of habit and those that
occur with more careful reflection and weighing of alternatives (Hogarth & Karelaia
2005). If the issue is complex, the individual needs to apply a strategy to arrive at a
decision, which involves considering attributes of the choices and making tradeoffs
(Payne, Bettman, & Johnson, 1993). In some cases, such as when reasoning about SSIs,
this weighing of attributes requires individuals to consider factual information as well as
subjective, personal considerations (Zeidler & Sadler, 2005b) and will be influenced by
the previous experiences and understandings of the individual, even if those prior notions
were inaccurate (Zeidler, 1997). Ozturk and Yilmaz-Tüzün (2017) discussed “reasoning
modes” as “factors that may influence individuals’ arguments on a SSI” (p. 1277). They
used Wu and Tsai’s (2007) reasoning modes of social-, economic-, ecology-, and science
or technology-oriented to evaluate the informal reasoning elementary preservice teachers
demonstrate when discussing an SSI to look for associations between factors of the
preservice teacher and their reasoning quality, defined by the ability to construct
arguments, counterarguments, and rebuttals. Their work contributed to Wu and Tsai’s
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framework by adding consideration of types of risk and political-oriented modes of
reasoning that they identified through their study.
The work of Ozturk and Yilmaz-Tüzün (2017) and Wu and Tsai (2007) found that
certain interests may be considered in negotiation of an SSI, and multiple may appear
within one argument. Chang Rundgren and Rundgren (2010) presented these modes as
the six SSI subjects of sociology/culture (S), environment (E), economy (E), science (S)
ethics/morality (E) and policy (P) (thus forming the SEE-SEP acronym). These six
subjects are closely tied with the KVP of the individual; as represented in their article and
reproduced in Figure 3.1:

Figure 3.1. The SEE-SEP framework shows how each SSI subject is connected to
elements of KVP of the individual: Knowledge, Values, and Personal experience (Chang
Rundgren & Rundgren, 2010, p. 16).
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Chang Rundgren and Rundgren (2010) developed the SEE-SEP model to provide
a representation of what SSI is, and through the inclusion of the KVP component, how
reasoning about SSIs can be connected to KVP of the individual. The six subject areas of
SEE-SEP and three aspects of KVP were derived from a review of studies on reasoning
and argumentation about SSIs. Figure 3.2, below, shows how the authors represented this
relationship, using a depiction of a benzene molecule that conveys the SSR components
of Complexity, Perspectives, Inquiry, and Skepticism (Sadler et al., 2007) by showing the
interrelatedness and co-influences between the six subject areas. The figure also shows
that Knowledge, Value, and Personal experience provide the root for the interplay
between the six subjects.

Figure 3.2. KVP contribution to SSR in SEE-SEP framework. The authors indicate that
Knowledge, Values, and Experience form the basis for reasoning about SSIs (Chang
Rundgren & Rundgren, 2010, p. 11).
The KVP Component
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Chang Rundgren and Rundgren (2010) defined the Value, Knowledge, and Personal
experiences that make up their framework as follows:
● Value: aspect that is “related to people’s affective domain” (p. 12) and is heavily
influenced by sociocultural background
● Personal experience: degree to which the issue is “connected to their daily life”
(p. 12), either through direct or indirect experiences
● Knowledge: the use of scientific evidence based on “concepts, theories, laws, or
evidence developed and discovered” (p. 13).
In an empirical exploration of this entwinement between KVP and SSI subject,
Christenson et al. (2012) studied the extent to which students reasoning about SSIs used
Knowledge, Values, and Experience to make their arguments. Students participating in
the study were asked to express their opinions and describe their arguments about a given
SSI. The authors used the SEE-SEP framework to code the responses for SEE-SEP
subjects and KVP to derive a distribution of Knowledge, Values, and Experience as they
were connected to reasoning based on the subject of the SSI. Their findings showed that
Value, regardless of topic, accounted for two-thirds of the reasoning statements, with
Knowledge and Experience making up the remaining third. Though the proportion of
Value reasoning was steady across all issues, Knowledge and Experience, making up the
remaining one-third, differed with the topic, though in all topics Personal experience was
noted least frequently.
To explore the issue of KVP influence from a different angle, Rundgren et al.
(2016) studied how reasoning may differ about a single SSI due to student characteristics.
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Students in this study worked through an SSI module on toxins and their effect on
fishing, and the researchers monitored their argumentation and reasoning during their
work through the four-week module. The authors found that despite access to all the
same information, the decisions developed by the students differed, and these differences
could be attributed to differences in KVP of the individual students, background
experiences that the authors called “intellectual baggage,” quoting Zeidler (1997).
However, like in the study done by Christenson et al., (2012), Values seemed to have the
greatest influence on reasoning, with Experience making up the smallest component, a
finding that could be attributed to the use of an issue to which the students had little or no
relation. Notably, the authors also found that students without a Value stance on the issue
had a harder time making a decision about it, suggesting that Values provide a significant
starting point for allowing students to approach and think about an issue.
Research Related to KVP
Other research has looked at how characteristics of individuals may affect SSR,
but instead used the components of Knowledge, Attitudes, and Behaviors. Michalos et.
al. (2011) developed a Likert-scale instrument to measure these components, in which
Knowledge questions included items related to agreement of how certain components
contribute to sustainable development (e.g. “Economic development is necessary for
sustainable development), Attitudes items included statements on the role of government
and individuals in learning and taking action (e.g. “We don’t need stricter laws and
regulations to protect the environment”), and Behavior items presented statements about
typical activities of the respondent. (e.g. “I recycle as much as I can”). Research done by
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these authors (Michalos et al., 2011; 2012) looked at how these three aspects influenced
one another, finding that Behaviors are influenced by both Knowledge and Attitudes but
more so by Attitudes.
Olsson, Gericke, and Chang-Rundgren (2016) studied how these factors
influenced sustainability consciousness, replacing “Knowledge” with “Knowingness,”
citing Von Glasersfield (1990) to remove the implied existence of truth in matters
pertaining to sustainability consciousness. They used a revised version of the Michalos et
al. (2011) instrument to study how Knowingness, Attitudes, and Behaviors, collectively
referred to as KAB, of each of the environmental, economic, and social dimensions of
sustainable development related to differences in sustainability consciousness for
students taught in an education for sustainable development (ESD) format compared to a
reference group. Their findings showed significant differences in environmental domain
KAB for sixth graders, with ESD students scoring higher, and significant differences for
social domain KAB for ninth graders, with ESD students scoring higher. They used these
results to show that ESD supports higher sustainability consciousness, as evidenced by
KAB outcomes.
These results aligned well with what is implied by the SEE-SEP model, namely
that increases in certain aspects of the student (KVP or KAB) contribute to increases in
certain aspects of how students approach the issues. Regarding KAB, the studies cited
here were mainly concerned with the value students place on the issue, which is separate
from SSR (Sadler, 2009). However, the KAB studies did present the potential that certain
aspects of the student may not be factored into the KVP construct, namely Attitudes and

51

Behaviors, which are related to but distinct from Values and Experiences. Chang
Rundgren and Rundgren (2010) define Values as referring to the affective domain, while
Olsson et al. (2016) cites Kollmuss and Agyeman (2002, p. 252) in defining Attitudes as
“enduring positive or negative feeling about some person, object or issue). Christenson et
al. (2012) uses Experience to refer to daily activity as well as memorable learning
experiences, and Behaviors, though not defined directly by Michalos et. al (2011), uses
statements that are exclusively reflective of everyday activities, a more narrowly defined
aspect of experience.
The SEE-SEP Framework and its Appropriateness for this Dissertation Study
To make decisions about SSIs requires an interplay of thought processes that
invoke consideration of multiple factors and their influence on desired outcomes (Sadler
& Zeidler, 2005b), and research that considers how students think about these types of
topics needs to aim at understanding the nuance of the approaches students take (Nielsen,
2013). Researchers (e.g. Oulton et al., 2004; Sadler & Zeidler, 2005a; 2005b; Zeidler,
1997) suggest that KVP of individuals determine the arguments individuals make about
SSIs and how they support those arguments. In my study, I examined the association
between high school students’ KVP and SSR, as well as if SSR differed depending on the
topic of the issue when demographic characteristics were controlled. Below I discuss the
match between the SEE-SEP framework and my two measures: KVP and SSR.
The SEE-SEP Framework and KVP
The SEE-SEP framework reflects the multi-dimensionality of SSIs by showing an
intertwinement between science subjects and social considerations. The KVP component
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shows that these aspects are rooted in the KVP of the individual, specifically related to
Values, Knowledge, and Experience. Chang Rundgren and Rundgren (2010) noted that
the subject areas and aspects are visible to differing extents depending on the topic of the
SSI. The purpose of my study is to understand how student KVP is related to the levels at
which the student reasons about an SSI and if these levels of SSR differ depending on the
topic of the SSI. I used the KVP component of the SEE-SEP framework to define the
KVP of the students and to frame how I measured student KVP.
The SEE-SEP Framework and SSR
Sadler et al. (2007) defined the construct of SSR as a “theoretical construct which
subsumes aspects of practice associated with negotiation of SSI and addresses the
citizenship goal [of SSI instruction]” (p. 374). They articulated the construct as
comprising of four aspects: Complexity, understanding issues from multiple Perspectives,
understanding the need for constant Inquiry, and expressing Skepticism. Christenson, et
al. (2012) explained that the SEE-SEP framework serves “to integrate the crossdisciplinary dimensions and four features of SSIs into a more holistic viewpoint” (p.
344). Thus, the SEE-SEP was derived as a reflection of how the SSR construct can look
in practice. Theoretically, this relationship makes sense. The SEE-SEP framework
presents a model that shows that SSIs should be viewed from multiple angles through a
process of constant inquiry, which the authors depicted in Figure 3.2 using arrows to
circle the SSI to represent the need to view it through the lenses of different subjects and
to show the fluid nature of developing solutions to SSIs.
The SEE-SEP Framework and Methodology of this Study
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In practice, this framework has been used to study SSR through analysis of
students’ argumentation (Christenson et al., 2012; Rundgren, Eriksson, & Chang
Rundgren, 2016). These studies used qualitative analysis of argumentation about the
issues to identify evidence related to Knowledge, Values, and Experience in the
reasoning expressed by the students. However, neither of the studies cited above also
analyzed SSR, which is curious considering its foundation to the SEE-SEP framework
from which both studies are derived. Additionally, other research (e.g. Berglund &
Gericke, 2016; Michalos et al., 2012) suggested that components of Attitudes and
Behaviors, not directly reflected in the SEE-SEP framework, also influence the
approaches students take to reasoning about SSIs, exposing the need to test the extent to
which the SEE-SEP framework may be limited. In this dissertation, I empirically brought
together the aspects of SSR and KVP that are theoretically described by the SEE-SEP
framework. As noted above, the SEE-SEP model represents the SSR dimensions
described by Sadler et al. (2007) and depicts these ideas as rooted by the KVP of the
individual.
In my study, I looked at the relationship between these measures of student KVP
and the level of the students’ SSR by using SEM to show how KVP contributes to SSR. I
used SEM as a methodological approach to address the relationship between KVP and
SSR because my study is confirmatory in that it models this theoretical relationship
between KVP and SSR (Tabachnick & Fidell, 2013). By viewing these results through
the SEE-SEP framework, I evaluated the extent to which KVP relates to SSR, the
construct from which the SEE-SEP framework was derived. As an extension of the
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Christenson et al. (2012) work, I also used repeated-measures MANCOVA to study if
levels of SSR differed in different SSI topics, and I controlled for demographics,
including age, grade level, race, gender, typical grades in science, and current enrolled
science class, to isolate the relationship between the topic of the SSI on SSR. Christenson
et al. (2012) showed that different topics can elicit different degrees of using aspects of
KVP characteristics in developing reasons, but they did not study how the topic alone
may account for different levels of reasoning. By adding this work to the Christenson et
al. (2012) research, I could more fully illustrate the ways in which different topics of an
SSI can be understood differently through the SEE-SEP framework.
Conclusion
Research aimed at understanding the influence of the issue of the SSI on how
students approach the SSI is mixed, but it has not yet quantitatively explored the way in
which the KVP of the student in relation to the issue influence the level of reasoning. The
SEE-SEP framework suggests that KVP intersects with and influences the way
individuals think about SSIs. Although work using this framework has suggested that
reasons attributed to KVP present themselves in differing frequencies when students
make arguments about SSIs of different topics, research had not yet studied to what
extent these factors influence the level of the reasoning itself, nor if the level of reasoning
may differ depending on the topic of the issue. Considered alongside Sadler and Zeidler’s
(2005b) finding of intuitive and emotive reasoning, discussed in Chapter 2, there is
reason to believe that the issues that students feel more strongly about will elicit different
levels of reasoning. There is a need for research that explores this idea directly so that
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teachers can be better prepared to address the “intellectual baggage” (Zeidler, 1997) and
its influence on student responses to SSIs. Chapter 4 provides an overview of my
quantitative research study designed to address this inquiry.
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CHAPTER 4: RESEARCH METHODS
Introduction
The purpose of this study is to measure how high school students reason about
SSIs that are presented on environmental and genetic topics and to demonstrate to what
extent their level of reasoning is associated with their KVP, as well as to study if the level
of SSR differs for different SSI topics when controlling for demographic background,
which is defined by students’ age, grade level, race, gender, typical grades in science, and
current enrolled science class. In my study, I used SEM and MANOVA to analyze how
student responses to questions about how they reasoned about SSIs on genetics and
environmental topics were related to measures of students’ KVP of the topics
Additionally, I studied if levels of SSR were different when the topic of the SSI was
environmental or genetics using repeated-measures MANCOVA. This dissertation
consisted of two phases: Phase 1 involved development and initial construct validation of
the instruments to measure KVP and SSR, and Phase 2 consisted of analysis of the data
collected using these instruments to answer my RQs.
This chapter details the research design and methods for this study. The Research
Design and Rationale section briefly lists RQs for Phase 2, as well as the procedures I
used to answer them and why these procedures were appropriate. The Instruments section
describes the development and assessment of the instruments that I used to answer those
questions. In Procedures for Data Collection, I describe how I collected data using those
instruments. Then, I detail the variables measured in the study in the Study Variables
section, and in Sampling and Sampling Procedures I describe how I selected the sample
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for the study. Next, I discuss threats to validity and how they were addressed in the
threats to Validity section, followed by a section to detail how research participants were
protected in collection of data in the Ethical Procedures Information section.
Figure 4.1 summarizes the procedures involved in Phase 1 and Phase 2 of the
study.

Figure 4.1. Timeline of data collection events. The components in grey show analysis
after the data has been collected. The top boxes show events of Phase 1, and the bottom
boxes show the events of Phase 2.
Research Design and Rationale
The RQs for this study were:
RQ 1: To what extent can high school students’ SSR (in the areas of Complexity,
Perspectives, Inquiry, and Skepticism) be accounted for by their KVP with an
environmental issue?
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RQ 2: To what extent can high school students’ SSR (in the areas of Complexity,
Perspectives, Inquiry, and Skepticism) be accounted for by their KVP with a genetics
issue?
RQ 3: When controlling for demographics (gender, race, science class, and
science grades), do high school students’ levels of SSR (in the areas of Complexity,
Perspectives, Inquiry, and Skepticism) differ in responding to a genetic versus an
environmental SSI?
To address RQs 1 and 2, I used SEM to measure the relationship between KVP
and SSR. SEM was appropriate for these questions because this technique allowed me to
model the relationship between two sets of variables, with one set acting as the IV and
the other as the DV (Tabachnick & Fidell, 2013). In this case, student KVP, as measured
by their Knowledge, Values, and Experience, acted as a set of IVs, and SSR, consisting
of aspects of Complexity, Perspectives, Inquiry, and Skepticism, comprised the set of
DVs. However, when I used SEM, the data did not fit appropriately with the model for
the genetics topic, as discussed in Chapter 5 below. Thus, I used MANOVA to
approximate answers to these RQs. MANOVA was appropriate for this research because
it allowed comparison of scores based on group membership and, like SEM, allowed for
the inclusion of multiple IVs so that interaction effects could be considered (Mertler &
Vannatta, 2013). For this work, I used MANOVA to determine if students presenting
different levels of KVP differed in their demonstrated level of SSR. In Chapter 6, I
discuss in more detail the limitations imposed by using MANOVA in place of SEM.
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To address RQ 3, I used one-way repeated-measures MANCOVA to assess group
mean differences exhibited in the sample on SSR components and control for effects of
demographics. The use of MANCOVA was appropriate for this study because it allowed
comparisons among categorical groups using multiple DVs when controlling for possible
interfering variables (Tabachnick & Fidell, 2013), and repeated-measures MANCOVA
allowed for these comparisons to be made when repeating scores from a single
participant on the same DV in different experimental contexts while controlling for the
effects of other variables on the outcome variable (Verma, 2015). In the case of this
research, I was interested in how the topic of the issue (the IV) affected measures of their
performance on an area of SSR (the four DVs) when removing the influence of
demographics (the controlled variables). Through use of multiple DVs and repeatedmeasures MANCOVA analysis, I was able to acquire a more detailed picture of the
particular aspects of the construct (SSR) and how its measures differed in a different
context (the two topics) for the same student (Verma, 2015). By controlling for
demographics, I isolated this relationship to achieve more evidence for the relationship
between the topic of the issue and the level of SSR (Tabachnick & Fidell, 2013).
Sampling and Sampling Procedures
Population
The target population for this study was high school science students (grades 912). As noted in Chapter 1, high school students are in a developmental stage in which
they are making more independent decisions and are thus in critical need of
understanding how to weigh issues as complex as SSIs. Additionally, by targeting high
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school students I extended work that has been done with college students (the
development of the QuASSR) and with middle school students (the SSR rubric) to this
population.
Sampling Procedures
For this study I sampled three schools, nine teachers, and 18 classrooms. I
sampled this population using convenience sampling on the level of the school and
holistic sampling on the level of the class. I selected the school based on convenience to
facilitate fidelity with the protocol of administering the instrument; by selecting schools
that were conveniently located and with which I have worked I was able to travel to the
site to administer the instrument myself and to gain access to the schools using the trust I
had already built with the administration. I sampled all the students who agreed to
participate in the classes that allowed the study to take place so that I could have a large
enough sample to strengthen the analyses and so that I could have data from students of a
variety of grades (9 - 12) and course levels (honors and standard-level). Electing to use
the convenience sampling method did introduce limitations to the study, and this point is
detailed in the Limitations and Threats to Validity section in this chapter below. Details
of these schools, based on the 2017 state annual report card, and teachers are presented in
Table 4.1. In Table 4.1, teacher names are represented as codes and listed to indicate that
some teachers taught more than one subject area that in the classes I surveyed.
Table 4.1
School and teacher characteristics
School

School student details
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Teacher

Class(es)

Local public
school 1

440 enrolled
15.1% in poverty
4.4% with disabilities

1-A

Local public
school 2

1040 enrolled
49.9% in poverty
12.1% with disabilities
982 enrolled
54.4% in poverty
12.8% with disabilities

2-A
2-B

Local public
school 3

*Science, cinema, and literature is an elective course

1-B
1-C

3-A
3-B
3-C
3-D

Science, cinema, and
literature*
Anatomy (2 classes)
Chemistry (2 classes)
& Physics
Chemistry
Chemistry (2 classes)
& Physical Science
Chemistry (2 classes)
Chemistry (2 classes)
Biology (2 classes)
Anatomy (2 classes)

Phase 1: Development of the Instruments
Phase 1 of the dissertation involved the creation of the instruments needed to
answer my three RQs. I used two instruments for this work. One was a measure of SSR
in environmental and genetic contexts, which I adopted from Romine et. al (2017) for the
environmental topic and adapted for the genetics, and the other is an assessment of
aspects of KVP associated with each topic, which I developed myself. These instruments
were needed to check for how KVP related to the issue can be said to influence the level
of the SSR aspects (RQs 1 and 2), and to see if the SSR levels differed when students
worked with a different SSI topic, when controlling for demographics (RQ3). Validity
considerations for the instruments are described separately in the Validity section of this
chapter.
Measuring SSR for Different Topics
This section details how the instrument to assess SSR on two different topics
(environmental preservation and genetic screening) was used and, in the case of the
genetics topic, developed, in the study. I developed and validated the SSR items for the
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genetics topic in a pilot study not detailed in this dissertation, but I describe that process
briefly below.
SSR instrument development and operationalization of constructs. The
instrument I used in this study consists of questions from the QuASSR (Romine et al.,
2017) which assesses SSR about environmental topics, and newly developed questions
that model the QuASSR and are situated in SSIs about genetic issues. Together, these
items comprise the ACSSR, or Assessment of Contextual Socioscientific Reasoning. I
grouped these items into one instrument to enhance clarity and ease of referring to the
items used to assess SSR collectively. Romine et al. (2017) constructed the QuASSR
instrument in OMC format using a construct map (Briggs, et al., 2006) that aligned the
multiple-choice options with the levels of the Sadler et al. (2007) rubric on SSR, and I
created the genetics items by modeling this approach. Because the QuASSR was
validated and constructed by another research team, I do not discuss the construct
validation involved in the creation of that instrument here, though I did take measures to
assess its structural validity in the use of the new population (discussed more in the
Validity section below).
Initially, I checked the appropriateness of the QuASSR (consisting of the
environmental topic questions) for a high school population by aligning its questions to
the national Next Generation Science Standards (NGSS Lead States, 2013) for high
school. The details of this alignment can be referenced in Appendix A. Following this
assessment, from which I concluded that the questions and topic were appropriate for
high school students, I used the QuASSR as a model to develop new questions on

63

genetics topics (gene therapy and genetic screening). I structurally validated these items
using interviews with SSI researchers and high school science teachers to establish
construct validity. Then, I piloted the questions with a small group of 11 high school
students by using an open-ended instrument to check their likely responses to the ACSSR
prompts. This open-ended instrument is identical to the ACSSR, consisting of both
environmental and genetics topics, but with the OMC items removed, thus requiring
students to construct a response. The technique allowed me to compare the responses that
the students gave to the questions with those provided in the OMC items to make sure the
OMC choices were consistent with how high school students would respond to the
questions. Additionally, conducting these surveys with high school students helped me to
measure the appropriateness of the topics used in the ACSSR. There are two
environmental and two genetics question sets that make up the instrument, and I wanted
to select one of each for the study to reduce test fatigue. In my pilot study, I asked the 11
students to select one environmental and one genetics topic based on which they felt most
comfortable answering. Ten students selected the Branville Bay coastal development
topic (over fracking), and ten selected the genetic screening topic (over gene therapy).
These results supported the feedback I received from the expert panels that reviewed my
instrument and suggested these scenarios were more clearly written and more reflective
of the issue. The construct map for the genetic component can be referenced in Appendix
B and a complete version of the genetics items for the ACSSR instrument is available in
Appendix C.
Calculating the scores. The SSR instrument that I developed through this study
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utilizes OMC items. OMC instruments are designed with the typical multiple-choice
format but have tiered levels of choices for respondents to select which align with
different developmental levels. This approach has the advantage of multiple-choice
formats through ease of completion for respondents and ease of interpretation for
assessment administrators, but the levels of responses add an additional layer of
understanding of how responses align with different developmental levels (Briggs et al.,
2006).
The new items as well as the original items from the QuASSR consist of a series
of OMC items, and the series of questions viewed by the student are determined by
answers to binary items. For instance, students were asked if they consider an issue to be
complex, and, depending on that answer (yes or no) the student was taken to a separate
screen that asks to choose the answer that explains why they think the issue is complex (if
the answer to the previous question was yes) or why they think the issue is not complex
(if the answer to the previous question was no). Students completed a series of questions
using this format that were designed to assess the SSR aspects of Complexity,
Perspectives, Inquiry, and Skepticism for each scenario. My research followed the model
of scoring based on developmental levels provided in Romine et al. (2017)—the authors
assigned a score of 0 or 1 for the binary question and added 0-2 points for the OMC
follow-up question using a three-level scale, with a score of 0 to indicate low SSR, 1 for
moderate, and 2 for high. I used this scoring to assess student SSR for each question of
the SSR aspects (Complexity, Perspectives, Inquiry, and Skepticism) for each scenario.
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Table 4.2 shows the scores that correspond with the levels of SSR, and the alignment of
the scores with individual questions can be seen in the construct maps in Appendix B.
Table 4.2
SSR aspects and score descriptions
Score
0

1

2

3

Complexity
Simplistic
solution without
considering many
facets
Issue is complex
because of need
to know a lot of
information about
the topic of the
issue

Perspectives
Issue is not
considered
carefully

Inquiry
Does not see a
need for further
investigation

Skepticism
Stakeholders do not
have different
positions

Addresses
issue from a
single
perspective

Sees the need to
investigate
more, but
without much
direction for
what needs to
be studied

Different
perspectives exist
because the
different groups
have different
information from
which to base their
perspectives.
Differences exist,
but vague reasoning
as to why
Differences exist
among
stakeholders, and
can be described
how those
differences came
about
Conflicting
perspectives arise
because of different
interests in the issue

Need to learn
more about the
consequences of
the issue

Recognizes
other
perspectives
exist, but not
necessarily due
to values of the
groups.
Different interests Evaluates the
and opinions
issue from
make an issue
diverse points
complex
of view,
including how
they may see
issues
differently
because of how
they consider it

Measuring KVP
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Sees the need to
understand
scientific or
social data
more, but not
both. One right
choice exists.
Sees the need to
collect more
information
about the
science and
social aspects of
the issue. There
isn’t a correct
outcome.

Existing research using the SEE-SEP framework (e.g. Christenson et al., 2012;
Rundgren et al., 2016) has been qualitative, mainly conducted by assessing the influence
of KVP by noting the frequency at which students bring up these three aspects when they
reason about SSIs. Because a research question about the degree of association between
sets of scores (KVP and SSR, in my case) requires a quantitative measure, I needed to
develop a new instrument that could be used to assign numeric scores to the KVP
components. As with the development of the new SSR items, I needed to develop the
instrument to align with the purposes of interpretation for my study. In this case, I needed
an instrument that measures the extent to which students have knowledge about,
experience with, and ascribe value to the SSIs. Throughout this dissertation I refer to this
instrument as the KVP instrument.
KVP instrument development and operationalization of constructs. In the
Romine et al. (2017) study, the authors used an open-ended question to assess the amount
of knowledge the students had related to the topic (fracking and development along a
bay, in their work). Though they used this information for a part of the study that is not
duplicated in this dissertation work, I used this same method of using an open-ended
instrument to assess KVP for my study. I selected open-ended instruments in place of
forced-choice alternatives such as Likert scale items (as used to measure Knowledge,
Attitudes, and Behaviors, or KAB, by Olsson et al., 2016) to allow for greater flexibility
in student responses. For instance, by allowing students to express their own personal
relationship with an issue, I avoided the potential to not ask a forced-choice question that
would elucidate some of their experience, which would exclude that data from my
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analysis.
I used theoretical work from Chang Rundgren and Rundgren (2010) and empirical
work by Christenson et al. (2012) and Olsson, et al. (2016) to construct questions about
KVP associated with the issues. Chang Rundgren and Rundgren (2010) defined each
aspect of KVP, and Christenson et al. (2012) explained how each aspect of KVP may be
articulated in the six SEE-SEP subject areas by coding student responses to interview
questions with codes that reflect an intersection of the subjects and KVP (see Table 1, pp.
345-346 in the paper for a summary of these codes). For instance, they used the code SoK
to represent an utterance that includes the Knowledge component in a discussion of a
Sociology subject. Using this scheme allowed me to think about how each of the three
KVP components may manifest in discussion of the subject areas so that I could construct
items that reflected the different ways in which KVP may be considered. Olsson et al.
(2016) measured KAB about sustainability using Likert scale items. Though I do not
measure the Attitudes and Behaviors constructs are in my study, I was able to examine
these questions to get ideas for phrasing questions to assess broad constructs such as
those that comprise KVP.
To create my items, I combined the subjects of sociology and ethics, economy
and policy, and science and ecology; these subjects showed a lot of overlap in the way
they were expressed in the Christenson et al. (2012) paper and asking three broader
questions gave me more diversity in responses that will be useful when developing
rubrics of the responses. Additionally, I reduced testing fatigue by asking three openended questions rather than six for each aspect (giving a total of nine rather than 18).
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Thus, I developed three questions for each KVP aspect, and those three questions aligned
with the subject areas described in the SEE-SEP framework. Additionally, I checked for
alignment between the questions and the definitions of KVP in the Chang Rundgren and
Rundgren (2010) framework and the types of questions used by Olsson et al. (2016). For
Values, my items assess value of individual action as well as institutional action, for
instance through governmental regulations. For Knowledge, the items measure
knowledge of the science as well as the controversy behind each topic, which reflects the
questions that were asked by Romine et al. (2017). Experience is measured by assessing
both direct and indirect experiences, as described by the Chang Rundgren & Rundgren
(2010) description of personal experience. Table 4.3 (below) lists the aspects, their
definitions, the subject areas, and the question I asked that aligns with each subject area.
In the table, [issue] is used as a placeholder for the actual issue that students will be asked
to discuss. The items are listed in the order in which students answered them. The
Knowledge items are listed in a different order (with the science/ecology question first
rather than last) because students answer the science/ecology question on paper. In future
reference, numbers and components will be used to designate the questions. For instance,
I will use the term knowledge1 to refer to the question “Summarize the science behind
[issue] in writing or using a picture or diagram,” values2 for the question “Should local
and/or national governments devote more resources (e.g. time, money, personnel) to
learning more about [issue]? Why or why not?,” etc.
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Table 4.3
KVP components, how they are defined, and how they were assessed
Component
Knowledge

Values

Experience

Definition
Knowledge and
evidence as it
relates to
scientific as
well as social
understandings

Subject area
science/ecology

Affective
response to the
issue, as
influenced by
the large and
small-scale
communities
with which the
individual
associates

sociology/ethics

Connection of
the issue to the
individual’s
daily life or
perceived
personal
relevance

sociology/ethics

sociology/ethics
economy/policy

economy/policy

science/ecology

economy/policy

science/ecology

Open-ended questions
1. Summarize the science behind
[issue] in writing or using a picture
or diagram.
2. Why might people understand
genetic screening differently?
3. What political or economic
problems can you imagine existing
around the decision to use genetic
screening areas?
1. Why might people from different
groups hold varied opinions about
[issue]?
2. Should local and/or national
governments devote more resources
(e.g. time, money, personnel) to
learning more about [issue]? Why
or why not?
3. Should scientists devote more
resources (e.g. time, money,
personnel) to learning more about
[issue]? Why or why not?
1. What have you seen to show you
that different views exist about
[issue]?
2. Would you devote more of your
own resources (e.g time, money) to
learn more about [issue]? Why or
why not?
3. What learning experiences have
you had to help you understand the
science behind [issue]?

Calculating the scores. Following the example of Romine et al. (2017), I
developed a four-point ordinal scale for coding these responses, following a spectrum of
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0 to 3. Because of the uniqueness of each of these aspects, the scores of 0 and 3 meant
different things. Before analysis of any of these items, I created the framework of scores
in Table 4.4.
Table 4.4
Scores for KVP measures
Aspect
Knowledge
Values
Experience

0
Inaccurate
Does not value the issue
No experience with the
issue

3
Sophisticated
High value for the issue
Much experience with the
issue

Note that in Table 4.4 I only defined levels of 0 and 3 for each aspect. Rather than
defining the intermediate levels prior to conducting the study, I used random samples of
responses to develop the levels of the rubric and procedures to establish interrater
agreement, following the example of Romine et al. (2017) in developing their articulation
of levels of Knowledge. This constant comparison method (Glaser & Strauss, 1967)
allowed me to develop a theoretical basis for rating these complex constructs that is
closely tied to my data and my population.
I established appropriateness of scoring for the KVP items and the final rubric by
measuring interrater agreement (IRA) for a subset of scores. IRA differs from interrater
reliability (IRR) in that it is used to assess the degree to which two or more raters ascribe
the same rating to that data, whereas IRR is more useful in assessing reliability of
measurement (Gisev, Bell, & Chen, 2013). Because this work involved assigning scores
to data that has been collected rather than evaluating an instrument, I used IRA. When
using ordinal data in which some scores may be more similar than others (for instance, a
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score of 2 and 3 being more similar than a score of 0 and 3), a weighted kappa (ĸW) is a
suitable assessment for IRA (Gisev et al., 2013). The ĸW statistic requires a minimum
sample of 2x2, where x represents the number of levels. This project used a 0-3 scale of
KVP, meaning there are four levels, requiring a minimum sample of 2(4)2 or 32 (Gisev et
al., 2013). Thus, I randomly selected 35 responses to share with a doctoral student
trained in this type of rating to establish IRA. I checked to be sure that these 35 responses
included representation of each school and grade level (9-12) surveyed. We coded all
questions on a 0-3 scale based on the framework in Table 4.4. We coded all the questions
for the environmental topic but only coded two of the three questions for Knowledge and
Values in the genetics topic due to time constraints. The ĸW values for both questions
ended up being nearly equal and similar to or better than those for the environmental set,
which we coded first, so we felt comfortable about not coding the remaining question,
particularly given the high ĸW values for the environmental items.
I calculated the ĸW statistic based on agreements for individual questions and
within each category (Knowledge, Values, and Experience) for each of the two topics
(environmental and genetics). The linear ĸW values (used because the difference between
0 and 1 scores is the same as the difference between a 2 and 3 score) are listed in Table
4.5, showing first a collective assessment of all items for the SSI topic as well as a range
of values for the individual items.
Table 4.5
The ĸW statistic for KVP ratings
Category

ĸW for
environment

ĸW range for
environment
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ĸW for
genetics

ĸW range for
genetics

Knowledge
Values
Experience

.84
.83
.87

.80-.88
.72-.87
.86-.88

.80
.92
.91

.80-.81
.92-.92
.80-1.0

Landis and Koch (1977, cited in Gisev et al., 2013) interpret Kappa values of 0.61-0.80
as Substantial, and 0.81-1.00 to be Almost Perfect. The ĸW values in the table above are
between .72 and .92, which indicate substantial to nearly perfect agreement. These results
suggested that I was be able to proceed coding the remaining responses individually.
Following that initial scoring, we discussed rationale for scores and agree upon
what scores of 0, 1, 2, and 3 should be, thus constructing the rubric, seen below in Table
4.6. This method of establishing a rubric using rank-ordered samples enables reviewers to
use relative quality to assign scores, which enhances reliability by reducing
inconsistencies of grading, particularly for holistic evaluations of constructed response
items (Attali, 2014).
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Table 4.6
Final rubric for KVP items
Aspect
Knowledge

Values

Question
Why might different people
understand [issue]
differently?
(sociology/ethics)
What political or economic
problems can you imagine
in finding a solution for
[issue]? (economy/policy)

0
Absent or
irrelevant

Summarize the science
behind [issue] in writing or
using a picture or diagram.
(science/ecology)

Absent,
inaccurate, or
irrelevant

Why might people from
different groups hold varied
opinions about [issue]?
(sociology/ethics)

Does not see
where
differences in
opinion could
exist
Does not think
governments
should devote
more money

Should local and/or national
governments devote more
resources (e.g. time, money,
personnel) to learning more
about [issue]? Why or why
not? (economy/policy)

Absent or
irrelevant

1
Describes
groups and/or
sides vaguely

2
3
Describes
Describes
groups OR sides groups and
in detail
sides of the
issue in detail
Discusses the
Discusses
Sophisticated
need for a
problem and
description of
solution but not need for
problems and
problems
solution
need for a
vaguely
solution
Describes
Describes
Describes
vaguely an issue vaguely the
specifically the
related to the
topic OR
issue
topic
specifically a
related issue
Explains one
Explains that
Specifically
side
people may
discusses
disagree about
disagreement
the issue
and reason for it
vaguely
Thinks
Thinks more
Thinks more
governments
money should
money should
could devote
be devoted so it be devoted so
more money but is better
the best solution
does not really
understood
is found
care
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Experience

Should scientists devote
more resources (e.g. time,
money, personnel) to
learning more about [issue]?
Why or why not?
(science/ecology)
What have you seen to show
you that different views
exist about [issue]?
(sociology/ethics)

Does not think
scientists
should devote
more money

Thinks
scientists could
devote more
money but does
not really care

Thinks more
money should
be devoted so it
is better
understood

Thinks more
money should
be devoted so
the best solution
is found

No experience
with the issue

Vaguely
describes a
source of
learning

Specifically
describes a
source of
learning

Would you devote more of
your own resources (e.g
time, money) to learn more
about [issue]? Why or why
not? (economy/policy)
What learning experiences
have you had to help you
understand the science
behind [issue]?
(science/ecology)

Would not
devote own
resources

Would devote
resources if they
had the
resources, but
not a priority
Vaguely
describes a
source of
learning

Would spend
more time
trying to learn
the issue

Specifically
describes a
source of
learning and its
relation to the
issue
Would spend
more time
trying to learn
or to support
fixing the issue
Specifically
describes a
source of
learning and its
relation to the
issue

No experience
with the issue
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Specifically
describes a
source of
learning

Although in some cases we used the same rubric for different questions (e.g. the first and
third questions in the Experience section) we felt that it had to be more specific to the
question to make sense in some circumstances (e.g. each of the Knowledge questions).
Using this rubric, I scored all remaining responses to the KVP items and used those
scores for my analysis for RQs 1 and 2.
Demographics
Answering RQ 3 required the collection of demographic variables that could
potentially interfere with interpretation of the results. To proceed with this analysis, I first
needed to select variables that could reasonably be assumed to affect the analysis and
interfere with establishing conclusions about the differences between the groups in which
I was interested (Tabachnick & Fidell, 2013). In this study, I used age, gender, race,
course in science, and typical science grades. Table 4.7 below explains these variables
and why they were selected. Essentially, these demographic variables could have had an
influence on the relationship students have with science or the SSI topics.
Table 4.7
Demographics included and rationale
Demographic
School science
level
Age
School science
grades
Gender
Race

Purpose of including
Because I will be surveying 9th-12th graders, they will have different
familiarity with the subjects because they will have taken different
courses.
Since I will survey students in grades 9-12, they will have different
developmental stages. This covariate may or may not coincide with
school science level.
Typical grades in school science courses would affect their
familiarity with the subjects.
Individuals of different genders and racial backgrounds will
necessarily have different experiences with the social world, possibly
affecting their SSR.
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Overall Summary
Table 4.8 presents an overall summary of the data collection for the study by showing the
instruments and possible scores for components of each instrument.
Table 4.8
Summary of scoring for all instruments in study
Instrument
ACSSR

Components
Complexity
Perspectives
Inquiry
Skepticism

Score derivation
Total score
0-1 point for binary Total of 3 points
response
possible for each
0-2 points added for item
OMC response

KVP

Knowledge
Values
Experience

0-3 points as
assigned by rubric
for open-ended
items

3 points possible
for each item

Background

Age
Current class
Grade level
Typical grades
Gender
Race

Categorical choices
or “choose not to
respond”

N/A

Phase 2: Procedures for Data Collection
Conducting this study required the administration of a KVP instrument and the
ACSSR, each consisting of questions about two topics. When they took the survey,
students responded to all questions for both the KVP and ACSSR online, with the
exception of the first question on knowledge. This question asked students to draw a
picture or use writing to describe their knowledge of the topic and using computers for
illustrated responses was not feasible. In most cases students answered all of the

77

questions for one topic then all of the questions for a different topic. There were some
exceptions, for instance if a student was taking too long to finish one survey and I
decided that the student might not have time to finish the second topic, that student only
took the survey for one topic.
I administered all assessments by physically appearing in the classroom to deliver
instructions on completing the survey and monitor student activity. Students completed
all surveys during the students’ science class, though I gave one survey during an elective
science class (Science, Cinema, and Literature), and I instructed students in the class to
indicate their core science class in the demographic question asking for their science
class. Schools had Chromebooks available for the students, so students completed all
surveys using a Chromebook. I arranged these survey visits with the teacher beforehand
and scheduled at the teacher’s convenience. I did not reach out to students who were
absent about taking the survey, thus absent students are not reflected in the data.
First, students took the KVP section then answered the questions that assess SSR
for the related topic. Because the SSR questions describe the science behind the topics
presented, this arrangement prevented the description of the scenarios from influencing
the KVP scores by presenting the knowledge and controversy that shape the issues.
Student participants began by answering the one Knowledge question on paper (“Using
words or pictures, describe your knowledge of [topic]”), then logged onto their
Chromebooks to follow a Bitly link to the rest of the survey, including the remaining
KVP questions, all SSR questions, and demographics.
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Ideally, I would have administered the second portion of the study surveys on the
other topic three weeks after administration of the first. Verma (2015) advises a time gap
between administering tests under the different treatment to reduce memory of the test.
However, this arrangement was not well-received by the teachers who I contacted. The
teachers wanted me to come in during one class period and take the entire period to
administer the whole survey because they felt that this approach minimized the disruption
to their class schedule because they only had to make accommodations for one day of
interruption. I randomized at the class level the order in which I distributed each set of
items (environmental or genetics) to address the concern that order of answering may
affect scores on either the KVP or SSR components.
Study Variables
In addressing each RQ, my analysis measures an association between independent
and dependent variables. These variables are detailed as follows:
RQ 1
For this RQ, I am testing the hypothesis of the influence of KVP on level of SSR
for an environmental issue in high school students.
DV. The DVs are the student response on the SSR measures in the areas of
Complexity, Perspectives, Inquiry, and Skepticism for environmental topics. The value
for each component ranges from 0-3.
IV. The IVs for this RQ are measures of Value, Knowledge, and Experience for
environmental topics. The value for each aspect ranges from 0-3.
RQ 2
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For this RQ, I am testing hypothesis of the influence of KVP on level of SSR for a
genetics issue in high school students.
DV. The DVs are the student response on the SSR measures in the areas of
Complexity, Perspectives, Inquiry, and Skepticism for genetics topics. The value for each
component ranges from 0-3.
IV. The IVs for this RQ are measures of Value, Knowledge, and Experience for
genetics topics. The value for each aspect ranges from 0-3.
Revisions to RQ 1 and 2
Due to the results of the SEM analysis, discussed below, I revised RQs 1 and 2
and their variables to accommodate a different analysis procedure (MANOVA) to
address the research purpose. In creating this modification, I reconstructed both questions
to reflect the testing of a hypothesis that students with different levels of KVP will differ
in their level of SSR in the areas of Complexity, Perspectives, Inquiry, and Skepticism.
The DVs remained the same, but the IVs were converted to categorical groups in order to
allow for the MANOVA analysis. This approach and its justification are discussed more
in Chapters 5 and 6
RQ 3
For this RQ, I tested the hypothesis of the presence of a difference in level of SSR
demonstrated by high school students on SSIs of two different topics while controlling
for demographics.

80

DV. The DVs are the student response on the SSR measures in the areas of
Complexity, Perspectives, Inquiry, and Skepticism for environmental and genetics topics.
The value of each DV ranges from 0-3.
IV. The IVs for this RQ are the two scenarios of the SSIs: environment versus
genetics.
Controlled variables. The controlled variables for this analysis are demographics
of age, grade level, race, gender, typical grades in science, and current enrolled science
class.
Nature of the variables
The line between continuous and discrete data can be blurry, so it is significant to
understand the type of data being used to justify analysis techniques. Data can be
considered continuous if the range of scores is smooth and discrete if it exists in steps
(Tabachnick & Fidell, 2013). Variables may be considered continuous when they reflect
an underlying continuous value, even if the scale used to derive data is not continuous
(Tabachnick & Fidell, 2013). The variables of KVP (Knowledge, Values, and
Experience) and SSR (Complexity, Perspectives, Inquiry, and Skepticism) measured in
this study did use discrete rubrics to develop scores, but the constructs they reflected are
not discrete.
Validity Procedures
Psychological measures are difficult to investigate because they are unobservable
and lack a clearly defined pathway for measurement, making evidence for the measure
hard to obtain. Thus, psychological phenomena are typically studied through definition
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and measure of a construct. Constructs are conceptual descriptions of latent
psychological phenomena that are not able to be directly observed; due to this nature that
lacks an observable element, it is necessary to consider the appropriateness of
conclusions drawn through measures designed to assess a construct. This evaluation of
appropriateness is performed through construct validation.
Loevinger (1957) identified three phases of construct validation: substantive, in
which the construct is linked to theoretical foundations and subject to expert review;
structural, in which the organization of the instrument is critiqued for consistency and
factor loading; and external, in which the instrument is evaluated alongside other
instruments or in other contexts in which groups are expected to differ in their results. It
is important to note that fidelity of an instrument to a construct is context-dependent; in
other words, if the instrument were to be applied to a different population, for instance.
Thus, construct validation should be a constant process, such that each new use of the
instrument considers its validity for the context of interest (Van Bavel, Mende-Siedlecki,
Brandy & Reinero, 2016). This ongoing validation aligns with the external phase of
construct validation. The sections below discuss the steps I have taken to address the
three phases of validation described by Loevinger (1957).
Validation of Instrument Design: Substantive Validation
The ACSSR consists of OMC items, and the procedure for designing an OMC
assessment itself requires alignment with construct validity (Briggs et al., 2006) and
Loevinger’s substantive phase of validity. In creation of OMC responses, the concept
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map constructed should align with theoretical understandings of development. Briggs et
al. (2006) note that in proper construction of an OMC test
1. Item responses are linked to the construct map
2. The construct map levels are linked to a model of student cognitive development
3. The model of student cognitive development is linked to national standards that
describe what the student should ideally understand about the construct being
measured at a certain point in time (p. 54)
If these conditions are met, the process itself produces an instrument with defensible
internal construct validity, in accordance with Messick’s (1995) articulation of the
concept, due to careful alignment with content, the theoretical basis of the instrument,
and the structure of the construct. In a pilot study, I developed a construct map for the
new items (see Appendix B) and also interviewed students, teachers, and SSI researchers
to check for appropriateness of items and item choices. To check the appropriateness of
the QuASSR items for high school students, I made sure these items aligned with high
school standards; evidence for this alignment can be referenced in Appendix A.
Regarding the substantive validation of the KVP instrument, my review of the
items considering the original definitions of Knowledge, Values, and Experience as well
as the use of actual responses from the students to construct the assessment rubric
supports substantive validity through relation to the framework and input from actual
members of the intended population.
Validation of Instrument Use: Structural Validation
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In the structural phase of validity, Loevinger (1957) calls for a check on how the
instrument performs when it is used with the intended population. For the KVP
instrument, I used a constant comparative method to construct the scoring rubric for
responses (Glaser & Strauss, 1967). I conducted reliability assessment through
establishing IRA, as discussed above in the section describing the KVP instrument.
Reliability can be seen as a component of internal validity (Lissitz & Samuelson, 2007)
and is concerned with the internal consistency of test items. Additionally, following
instrument administration, I conducted exploratory factor analysis (EFA) on the
responses to check for factor loading for the KVP components of the ACSSR instrument.
Factor analysis measures the ability of the items to form independent groups that align
with the theoretical factors which the instrument intends to measure (Tabachnick &
Fidell, 2013). In EFA, this involves checking the correlation of items to place them into
groupings, and those groupings reveal the factors that are measured by the instrument
(Mertler & Vannatta, 2013). This step allowed me to get an assessment for how the
intended factors for the instrument (the three aspects of KVP) manifested with the
population (high school students) and questions (genetics and environmental SSIs). I
followed up the EFA with a confirmatory factor analysis (CFA) through measurement
model development in construction of the SEM. CFA is theory-driven, in which factors
are predetermined and tested for a fit with the data (Schreiber, Nora, Stage, Barlow, &
King, 2006). I used CFA to compare the EFA results with the theoretical groupings to
find the factor structure with the best fit to the data and alignment with theory. The
results and details of the EFA and CFA are described in the Results chapter (Chapter 5).
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For the SSR instrument, I relied on an instrument that had been previously
validated for the Romine et al. (2017) study, the QuASSR. Their scale-level reliability
assessment yielded reliabilities of around 0.6 for single scenarios and combined for a
Rasch reliability of 0.74 and Chronbach’s alpha of 0.79 (average over pre and posttests).
The authors used the Rasch partial credit model to assess construct validity and achieved
infit and outfit indices that supported construct validity for their items. Because my
instrument included new questions about genetics that were modeled after the QuASSR
and the instrument was being used with a new population, I also conducted CFA with
these items to again test the alignment of these theoretical groupings with my data,
discussed in Chapter 5.
Validation of Conclusions: External Validation
Loevinger’s (1957) external phase of validation refers to the appropriateness of
the statements made as conclusions are drawn from the use of the instrument. Loevinger
also draws attention to the need for an ongoing process of validation, a call that has been
taken up by many subsequent validity theorists (e.g. Kane, 2001; Goldstein, 2015;
Messick, 1995). Thus, external validation cannot take place in one study, but rather needs
to be a continuous process of exploring the construct.
In this study, I supported external validation through continued study of the
existing SSR construct. I critically examined the results against competing explanations
(Kane, 2001), and I clearly stated the limitations of the work (for instance, based on the
demographics of the students assessed) in the discussion of use of the results in Chapter
6. Messick (1995) also points to the need to consider social consequences of instrument
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use as a component of externalizing the results of instrument use. I considered these
consequences in light of the data gathered to discuss potential biases in the use of the
instrument and draw attention to the possibilities of inappropriate conclusions that may
be drawn which would overstate the utility of the instrument’s results (Kane, 2001). This
external validation phase is addressed in Chapter 6.
Limitations and Threats to Validity
Here I discuss overall limitations to the study, how those limitations threaten
validity of assumptions, and precautions that will need to be considered when interpreting
the results of this study. I will return to some of these points in Chapter 6, where I will
discuss limitations and validity concerns about the conclusions I drew through my
research.
Sampling. The sampling procedure I used for this study was based on
convenience. This sampling presents several problems when considering the validity of
the results drawn from this work. Namely, the use of convenience sampling significantly
restricts the diversity of the sample and makes arguments that extend the findings beyond
those like the population studied inappropriate.
Assumption of data as continuous. The analysis techniques I used required data
of KVP and SSR to be continuous. For conclusions to be considered valid, I assumed that
the measures reflected an underlying continuous variable of an aspect of KVP or SSR. In
interpreting results, readers need to consider that assumption as a threat to the statistical
conclusion validity of the findings.
Construct underrepresentation/overrepresentation. Messick (1995) discusses
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that the main threat to construct validity is inadequate representation of the construct. In
this study, I measured complex constructs of Knowledge, Values, and Experience using a
few short-answer questions for each construct. The use of this format models what was
done by Romine et al. (2017) to measure Knowledge, but it also restricted the
operationalization of these constructs to the extent to which the questions measured them.
For instance, the question about Experience assessed how the issue may affect the daily
lives of the students, but it did not include assessment of how students may be familiar
with the issue through media or past instruction. Additionally, the research did not
include discussion of how other demographic background factors such as previous
experiences in science or socioeconomic status. These factors influence the ways in
which people interact with and make decisions about scientific issues and should be
considered in discussion of reasoning and KVP. They were not included here in order to
avoid inviting potentially false or incomplete information (e.g. students may not know the
income of their families, and many variables measure science experience outside of their
current classroom experience), but this omission highlights the need for future work that
explores these factors as influences on these characteristics.
Forced choice selection on SSR items. The use of a forced-choice instrument to
measure SSR presented some validity threats. If students do not see their choice
represented, they may guess at the question, threatening the validity of their scores. I tried
to lessen this threat by using open-ended student questionnaires in the construction of the
instrument. In these questionnaires, students responded to the questions of the ACSSR in
an open-ended format. In final substantive validation of this instrument, I checked that I
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offered choices that align with the types of answers the students are likely to give.
Timing of administration of survey instruments. Ideally the genetics and
environmental surveys would have been administered on separate days, spaced out over
two or more weeks. This recommendation is made to reduce memory effect on
instruments that have the same items, such as a pre/post-test (Verma, 2015). The tests in
this case are not identical but do ask similar questions (e.g. “is the issue complex?”), and
that similarity may have affected the responses of students.
Ethical Procedure Information
Protection of responses of participants is critical for conducting ethical research.
All data were stored on a password-protected computer for which only I held the
password. Students who participated in the study gave their names so that responses can
be compared between the two testing conditions (environmental versus genetics topics),
but I removed those names for analysis. I ensured that both the students and teachers
involved in the study knew that they were permitted to stop participation at any point or
ask that their results not be included in any analysis.
Summary
In this study, I used a quantitative approach to understand how student KVP and
topics of SSIs were related to SSR about the issues. In this chapter I described how I
developed the instruments to answer these questions, and I discussed the validity
considerations of using these instruments. For my analysis, I used SEM, followed by
MANOVA, to understand how components of student KVP related to SSR about two SSI
topics and MANCOVA to see how the topics themselves contributed to differences
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between the SSR measures when controlling for demographics. Chapter 5 provides the
results of these analyses and Chapter 6 discusses the meaning of the findings collectively
and through the lenses of existing theory and literature. These chapters also provide more
explanation of the limitations and need for future work outlined in this chapter during
discussion of validity.
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CHAPTER 5: RESULTS
The purpose of this study is to measure how high school students reason about
SSIs that are presented on environmental and genetic topics and to demonstrate to what
extent their levels of reasoning are associated with their KVP, as well as to study if the
level of SSR differs for different SSI topics when controlling for demographic
background, which is defined by students’ age, grade level, race, gender, typical grades in
science, and current enrolled science class. In the previous chapter, I described the
instruments (KVP and ACSSR) that I created or adopted to answer these questions.
In this chapter, I will detail the results of the analyses I conducted using these
instruments to answer the RQs. First, I will discuss my approach to answering RQs 1 and
2 using SEM and MANOVA. In the SEM for RQs 1 and 2 section, I will detail the use of
SEM for the environmental and genetics topics in parallel so that it is easier to compare
the two models throughout the process. Then, I will discuss problems with the final
structural models and outline the approach I took towards approximating answers to the
RQs using MANOVA in the Revisiting RQs 1 and 2 Using MANOVA section. This
discussion includes a presentation of the revised RQs 1 and 2 and their associated
variables. I will summarize the findings from both analysis techniques (SEM and
MANOVA) in the Summaries for RQs 1 and 2 section. Then, in the RQ3 section, I will
discuss my approach to answering RQ3 using MANCOVA to compare SSR levels on the
environmental and genetics topics while controlling for demographics. Unless otherwise
noted, all analysis presented in this chapter were conducted using SPSS Statistics and
SPSS AMOS Version 25. Figure 5.1 summarizes the analyses of my research.
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Figure 5.1. Outline of analyses used in this research. This outline shows that for RQs 1
and 2 I first constructed and validated the instruments, then used factor analysis to lead
support SEM. Following SEM, I used MANOVA. For RQ 3, I used MANCOVA.
SEM for RQs 1 and 2
RQ 1 is: To what extent can high school students’ SSR (in the areas of
Complexity, Perspectives, Inquiry, and Skepticism) be accounted for by their KVP with
an environmental issue?
RQ 2 is: To what extent can high school students’ SSR (in the areas of
Complexity, Perspectives, Inquiry, and Skepticism) be accounted for by their KVP with a
genetics issue?
To answer these questions, I used SEM to describe the relationship between KVP and
SSR, represented by the hypothesized structural model in Figure 5.2.
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Figure 1.2. Hypothesized structural model of the SEE-SEP framework relates KVP to
SSR.
Justification of SEM
SEM is “a collection of statistical techniques that allow a set of relationships
between one or more independent variables, either continuous or discrete, and one or
more dependent variables, either continuous or discrete, to be examined” Tabachnick &
Fidell, 2013, p. 681). SEM allows the inclusion of multiple independent and dependent
measured variables, latent variables to represent unmeasured constructs, and error or
disturbance terms to account for measurement error (Blunch, 2013). There are several
types of question that can be approached through SEM, such as testing if a theorized
model matches with a set of data (Tabachnick & Fidell, 2013). In addressing RQs 1 and
2, I am testing the fit of my data with the relationship hypothesized by Chang Rundgren
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and Rundgren (2010) that states that students will use their KVP, consisting of aspects of
Knowledge, Values, and Experience, to guide their SSR, consisting of aspects of Inquiry,
Perspectives, Skepticism, and Complexity. SEM allows me to construct this hypothesized
relationship, include my data with each of the measurable variables of KVP and SSR
(discussed above) and the latent, unmeasured constructs of KVP and SSR, and evaluate
the extent to which my data fits the hypothesized relationship by assessing covariances
between KVP and SSR variables.
In this section on SEM for RQs 1 and 2, I will first discuss the EFA I conducted
to determine how to group the items designed to measure KVP into coherent factors.
Then, I will discuss the construction of measurement models using CFA to model the
relationships between the KVP items and SSR items separately. Finally, I will describe
the construction and evaluation of a full structural equation model to relate the two latent
constructs (KVP and SSR) to each other. As will be shown, this analysis was insufficient
to produce a result for the genetics topic. In a subsequent section, Revisiting RQs 1 and 2
Using MANOVA, I will discuss the approach I used to analyze the data using another
technique (MANOVA).
EFA of KVP Components for the Environmental Topic
EFA justification. To further investigate the number of constructs and structure
of the KVP instrument, I conducted EFA for the genetics and environmental topics
separately. Factor analysis measures the ability of the items to form independent groups
that align with the theoretical factors which the instrument intends to measure
(Tabachnick & Fidell, 2013). In EFA, this involves checking the correlation of items to
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place them into groupings, and those groupings reveal the factors that are measured by
the instrument (Mertler & Vannatta, 2013). This step allowed me to get an assessment for
how the intended factors for the instrument (the three measures of KVP) manifested in
my population of high school students.
Screening data for EFA. For each scenario, I first screened the data to remove
responses from students who completed the survey quickly enough that they could not
have read all the questions and wrote “IDK” or a similar response for all open-ended
KVP questions. This screening resulted in the removal of six responses for the
environmental topic, resulting in 243 responses submitted to analysis. The recommended
sample size for an EFA is somewhat debated, with a sample size of 200 considered
adequate (Williams, Onsman, & Brown, 2010), though smaller samples result in lower
factor reliability (Field, 2000). I then screened the correlations between variable items to
screen for variables that did not have adequate correlation to be included in EFA. The
matrix indicated that all items had significant correlations with at least one other item,
which suggested they were all suitable to include in the EFA (Tabachnick & Fidell,
2013). The correlation matrix is reproduced in Table 5.1. In Table 5.1, and in other
figures and tables in this chapter, I abbreviated some terms: “know” for Knowledge
items, and “exp” for Experience.
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Table 5.1
Correlation matrix for KVP items for environmental topic
know1
know2
know3
know1
1
know2
.112
1
know3
.338**
.318**
1
**
values1
.091
.239
.253**
**
*
values2
.197
.139
.287**
values3
.197**
.117
.312**
**
**
exp1
.265
.211
.454**
**
**
exp2
.282
.166
.283**
exp3
.384**
.067
.212**
**Correlation is significant at the 0.01 level (2-tailed).
*Correlation is significant at the 0.05 level (2-tailed).

values1

1
.181**
.197**
.359**
.108
.107
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values2

.462**
.207**
.321**
.214**

values3

1
.300**
.268**
.200**

exp1

exp2

1
.231**
.410**

1
.341**

exp3

1

EFA results. The preferred method for determining factor structure is maximum
likelihood estimation (MLE) because “it allows for the computation of a wide range of
indexes of the goodness of fit of the model [and] permits statistical significance testing of
factor loadings and correlations among factors and the computation of confidence
intervals.” (Fabrigar, Wegener, MacCallum & Strahan,1999, p. 277). MLE requires the
assumption of multivariate normality is met. Thus, I viewed the P-P and Q-Q plots to
assess multivariate normality and, finding this criterion met, proceeded using MLE to
determine factor structure. These plots are not reproduced in this document but will be
made available upon request of the reader.
I first used the direct oblim oblique rotation because I expected the KVP factors
may be correlated (Tabachnick & Fidell, 2013) given that it makes sense that knowledge
of a topic may relate to experience with or value of it, for instance. The correlation matrix
(see Table 5.2) indicated that correlations between factors was statistically significant at
the p < .05 level and high enough to justify oblique rotation (Tabachnick & Fidell, 2013).
Table 5.2
Correlation matrix for environmental topic factors
Factor
1
2
3
1
1.000
2
.368** 1.000
3
.390** .412** 1.000
**Correlation is significant at the 0.01 level (2-tailed).
I checked the appropriateness of EFA by examining criteria for factorability. The
determinant value was .191, indicating absence of multicollinearity, the Kaiser-MeyerOlkin measure of sampling adequacy was .767, above the recommended value of .6,
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indicating the existence of a factor structure, and Bartlett’s test of sphericity was
significant, X2(36) = 392.283, p < .001, indicating an adequate correlation between
variables. The pattern matrix in Table 5.3 indicates three factors. I repeated the analysis
with a promax rotation and achieved the same factor loadings.
Table 5.3
Pattern matrix for environmental topic with direct oblim rotation
Question
Factor 1 Factor 2 Factor 3
know1
.296
.190
-.112
know2
-.053
.421
-.005
know3
-.001
.616
-.131
values1
-.033
.469
-.005
values2
-.025
-.079
-.801
values3
-.018
.130
-.548
exp1
.258
.624
.075
exp2
.220
.064
-.333
exp3
1.024
-.078
-.002
Note. Bold text indicates items grouping within a factor
The three factors explained a total of 58.113% of the variance of the data, with Factor 1
explaining 33.427% (Eigenvalue 3.008), Factor 2 explaining an additional 13.152%
(Eigenvalue 1.184) and Factor 3 explaining 11.534% (Eigenvalue 1.038). The Scree plot
in Figure 5.3 illustrates the Eigenvalues of the factors.
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Figure 5.3. Scree plot for KVP items for environmental topic indicates the presence of
three factors.
The Goodness-of-fit Test was nonsignificant, X2(12) = 19.585, p = .075, meaning that the
hypothesized model was a fit for the data. Table 5.4 indicates the questions in each factor.
Table 5.4
Environmental topic factors and questions from EFA results
Factor
1: Learning about the issue

2: Awareness of different views/opinions

Questions
know1: Using words or pictures, explain
the science behind environmental
preservation. (science/ecology)
exp3: What learning experiences have you
had to help you understand the issue of
environmental preservation?
(science/ecology)
know2: Why might people understand
environmental preservation differently?
(sociology/ethics)
know3: What political or economic
problems can you imagine existing around
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the decision to preserve environmental
areas? (economy/policy)
exp1: What have you seen to show you
that different views may exist about
environmental preservation?
(sociology/ethics)
values1: Why might different groups have
different opinions about preserving
environmental areas? (sociology/ethics)
3: Value for using resources to support the values2: Should local and/or national
issue
governments devote more resources (time,
money, personnel) to understanding more
about environmental preservation?
(economy/policy)
values3: Should scientists devote more
resources (time, money, personnel) to
understanding more about environmental
preservation? (science/ecology)
exp2: Would you devote time and/or
money to finding out more about
environmental preservation?
(economy/policy)
The Cronbach’s alpha reliability value for the factor structure was .654. Because
the alpha statistic is sensitive to the number of items (Green, Lissitz, & Mulaik, 1977), I
also looked at the mean inter-item correlation value. This value is used to show if items
meant to measure the same construct will score similarly, with an acceptable value
ranging between 0.15 and 0.50 (Clark & Watson, 1995). The value for this factor
structure was .390, an acceptable measure of reliability. Table 5.5 summarizes the
descriptive statistics for the factors.
Table 5.5
Factor descriptive statistics for environmental topic
Factor
Factor 1

Mean
1.14

SD
0.811

Skew
0.265

Kurtosis
-0.876
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Factor 2
Factor 3

1.37
1.63

0.686
0.797

0.213
-0.343

-0.526
-0.737

Overall discussion of EFA for environmental topic. The results of the EFA for
the KVP components showed differences between the expected and outcome factors. All
the questions that asked students to think about the need to allocate resources to
understanding more about environmental preservation loaded onto Factor 3. Although I
wrote two of these questions to assess Values and one to assess Experience, it makes
sense that they may group together due to similar phrasing of the questions, both asking
about if the students felt someone (the student, scientists, or government agencies) should
devote more resources to resolving the problem. Additionally, examination of the other
items loaded onto Factors 1 and 2 lends support to this factor structure. Factor 1
contained only science/ecology questions. The other question from this subject area
loaded to Factor 3, which, as discussed above, students tended to treat as similar to the
other questions asking about the allocation of resources to support finding out more about
the issue (experience2 and values2). Factor 2 contained all the sociology/ethics subject
area questions in addition to the one economy/policy question (knowledge3). The
knowledge3 question asks the student to imagine what political or economic problems
would exist about the issue, which students tended to answer by discussing the political
or economic controversy, often in reference to conflicting opinions, about the issue.
Particularly, students who demonstrated the highest levels of this question discussed both
political and economic complications, and students with lower scores only discussed
economic complications by pointing out that resolving the issue would take a lot of
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money. Students with the higher scores who also included the discussion of the political
aspects presented their understanding of the political problems through reference to
partisanship and political disagreements.
Exploratory Factor Analysis (EFA) of KVP Components for the Genetics Topic
I performed EFA on the genetics items separately in order to determine if a
similar factor structure emerged from these data. If not, I could compare the two factor
structures to find the best aligned with theory to proceed with the SEM.
Screening the data. As with the environmental topic, I screened the data to
remove responses from students who completed the survey in impractically quickly and
wrote “IDK” or a similar response for all open-ended KVP questions. This screening
resulted in the removal of seven responses for the environmental topic, resulting in 242.
Review of the correlation matrix between variables (see Table 5.6) showed that the items
had sufficiently significant correlation to include in EFA.
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Table 5.6
Correlation matrix for KVP items for genetics topic
know1
know2
know3
know1
1
know2
.222**
1
know3
.311**
.156*
1
**
**
values1
.223
.264
.251**
**
values2
.190
.021
.131*
values3
.158*
.088
.137*
**
**
exp1
.309
.310
.202**
**
*
exp2
.239
.130
.243**
exp3
.334**
.138*
.007
**Correlation is significant at the 0.01 level (2-tailed)
*Correlation is significant at the 0.05 level (2-tailed)

values1

1
.101
.095
.134*
.119
.113
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values2

1
.494**
.088
.339**
.222**

values3

1
.147*
.354**
.186**

exp1

exp2

1
.267**
.263**

1
.211**

exp3

1

EFA results. I again selected to use MLE for this factor analysis. To justify the use of
MLE I viewed the P-P and Q-Q plots to assess multivariate normality, again not
reproduced here but available upon request, and, finding this criterion met, proceeded
using MLE. I first used the direct oblim oblique rotation because I expected the KVP
factors may be correlated (Tabachnick & Fidell, 2013). The correlation matrix (see Table
5.7) indicated that correlations between factors was statistically significant at the p < .05
level and high enough to justify oblique rotation (Tabachnick & Fidell, 2013).
Table 5.7
Correlation matrix for genetic topic factors
Factor
1
2
3
1
1.000
2
.226** 1.000
3
.299** .333** 1.000
**Correlation is significant at the 0.01 level (2-tailed).
I checked the appropriateness of EFA by examining criteria for factorability. The
determinant value was .288, indicating absence of multicollinearity, the Kaiser-MeyerOlkin measure of sampling adequacy was .715, above the recommended value of .6,
indicating the existence of a factor structure, and Bartlett’s test of sphericity was
significant, X2(36) = 296.265, p < .001, indicating an adequate correlation between
variables. The rotated factor matrix in Table 5.8 indicates loadings for four factors. I
repeated the analysis with promax rotation and achieved the same factor loadings.
Table 5.8
Pattern matrix for genetics topic with direct oblim rotation
Question
know1
know2

Factor 1 Factor 2 Factor 3
.125
.113
.503
.003
-.103
.504
103

know3
.976
.082
.038
values1
.152
.008
.281
values2
.000
.765
-.087
values3
.004
.649
-.011
exp1
.005
-.009
.579
exp2
.090
.407
.199
exp3
-.184
.170
.445
Note. Bold text indicates items grouping within a factor
The three factors explained a total of 55.569% of the variance of the data, with Factor 1
explaining 28.410% (Eigenvalue 2.557), Factor 2 explaining an additional 15.411%
(Eigenvalue 1.387) and Factor 3 explaining 11.748% (Eigenvalue 1.057). The Scree plot
in Figure 5.4 illustrates the Eigenvalues of the factors.

Figure 5.4. Scree plot for KVP items for genetics topic indicates the presence of three
factors.
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The Goodness-of-fit Test was nonsignificant, X2(12) = 16.997, p = .150, meaning that the
hypothesized model is a fit for the data. Table 5.9 presents the Factors with the questions
loaded onto each.
Table 5.9
Genetics topic factors and questions from EFA results
Factor
1: Political/economic aspect of issue
(Political/economic knowledge)
2: Value for using resources to support
the issue (Values)

3: Understanding of science and
controversy (Knowledge)

Questions
know3: What political or economic
problems can you imagine existing around
the decision to use genetic screening?
(economy/policy)
values2: Should local and/or national
governments devote more resources (time,
money, personnel) to understanding more
about genetic screening? (economy/policy)
values3: Should scientists devote more
resources (time, money, personnel) to
understanding more about environmental
preservation? (science/ecology)
experience2: Would you devote time
and/or money to finding out more about
genetic screening? (economy/policy)
know1: Using words or pictures, explain
the science behind genetic screening.
(science/ecology)
know2: Why might people understand
genetic screening differently?
(sociology/ethics)
exp1: What have you seen to show you
that different views may exist about
genetic screening? (sociology/ethics)
exp3: What learning experiences have you
had to help you understand the issue of
genetic screening?(science/ecology)
values1: Why might different groups have
different opinions about genetic screening?
(sociology/ethics)
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The Cronbach’s alpha reliability value for the factor structure was .511, and the interitem correlation value for this factor structure was .286, an acceptable indication of
reliability. Table 5.10 summarizes the descriptive statistics for these factors.
Table 5.10
Descriptive statistics of factors for genetics topic
Factor
Factor 1
Factor 2
Factor 3

Mean
.980
1.52
.975

SD
0.998
0.760
0.586

Skew
0.679
-0.097
0.532

Kurtosis
-0.654
-0.712
0.095

Overall discussion of EFA. For the genetics topic, all of the items that asked
students to consider the need to allocate additional resources for understanding genetic
screening grouped on Factor 2. Most of the remaining questions loaded together onto
Factor 3, which included questions from Knowledge, Values, and Experience and
collectively assessed level of understanding of the science and the social controversy
associated with the issue. Only one question loaded onto Factor 1, the question about
political or economic problems that could be associated with the issue.
These EFA results were difficult to defend substantively, particularly as they
differ from the more theoretically sound factor structure from the EFA for the
environmental topic and presented the problematic loading of a single item onto one
factor. Thus, I in future analysis described below I relied on the factor structure from the
environmental EFA.
Construction of the Structural Equation Model
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The next step in my analysis was to conduct SEM to model the relationship
between KVP and SSR. The EFA results provided information necessary to proceed with
SEM by defining a factor structure for the KVP items. To answer the first and second
RQs, I needed to assess the relationship between of each of the IVs (measures of KVP)
and each of the DVs (the four components of SSR). The EFA structure determined in the
step outlined above provided guidance in how to better construct the hypothesized
relationship. As noted above, my EFA results suggested that the hypothesized KVP factor
structure may not be the optimal way to describe the relationships that existed in my data.
Thus, in moving forward with SEM, I needed to keep in mind this revision to identify the
best model to explain my data.
As noted at the start of the section, SEM is a confirmatory approach to
hypothesis-testing that is based on an existing theory (Tabachnick & Fidell, 2013). Since
my analysis was based on the SEE-SEP model (Chang Rundgren & Rundgren, 2010), the
relationships between KVP and SSR variables had already been hypothesized, allowing
for SEM (Tabachnick & Fidell, 2013). However, as noted above, based on my EFA
results I needed to consider an alternative explanation for how KVP may be defined.
SEM is only appropriate if a linear relationship is theoretically expected between pairs of
variables (Tabachnick & Fidell, 2013). In this case, that means that I should expect an
increase in SSR to result from increases in KVP or the revised KVP discussed above.
Based on the SEE-SEP theory, which suggests that SSR is rooted in KVP, it makes
theoretical sense that, for instance, more knowledge about a topic would result in greater
levels of reasoning about that topic. Additionally, research (e.g. Karahan & Roehig,
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2017; Sadler & Zeidler, 2005a; Shea et al., 2012; Xiao & Sandoval, 2017) lends credence
to the supposition that the individual factors isolated through EFA, such as awareness of
the social aspects of the issue (Topçu et al., 2011), value for the issue (Herman et al.,
2018; Lee et al., 2012), and understanding of the science content (Sadler & Zeidler,
2005a) would also result in higher levels of reasoning.
For the analysis outlined below, I followed the sequence of SEM development
presented by Blunch (2013). Blunch advises first identifying the model based on existing
theory then using CFA to construct confirmatory factor measurement models based on
expected factor groupings. For this research, I had two sets of factors: KVP and SSR. For
the KVP items, I tried using the hypothesized factor groupings (Knowledge, Values, and
Experience) as well as the factor loadings suggested by the EFA analysis of the
environmental KVP items, as described above. Since I had theoretical reason to support
both factor structures—the SEE-SEP structure for the hypothesized groupings and the
subject area alignment and similarity of interpretation of questions for the EFA
structure—I conducted CFA for both sets of factors (hypothesized and those resulting
from the EFA) to compare how the data behaves within each model to identify the most
suitable fit. Following CFA construction for both factor structures, I selected the best
structure to submit to further steps in the analysis. For the confirmatory factor
measurement model of the SSR items, I used the four aspects of Complexity,
Perspectives, Inquiry, and Skepticism as each of four factors. In constructing each
measurement model (SSR and KVP), I first tested the hypothesized structure for suitable
model fit then adjusted based on sound theoretical justification as needed to improve fit.
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After construction of the CFA models, I combined the models to produce the structural
model that related KVP to SSR, which I then, as with the CFA model, evaluated and
adjusted to achieve a suitable model fit. I then evaluated the full structural model to
assess relationships between the hypothesized variables (KVP and its components with
SSR and its components). Each of these steps is discussed in detail below.
Structural equation model – confirmatory factor measurement model for
KVP of environmental topic. As noted above, the first step of SEM is to construct a
hypothesized measurement model; this model should be aligned with theory and be welljustified using relevant literature or data (Blunch, 2013; Norman & Streiner, 2003). For
the environmental topic, I first constructed the measurement model in Figure 5.5 for the
KVP aspects using the hypothesized KVP components. In this figure, as with the tables
presented in this chapter, I abbreviated “know” for Knowledge items and “exp” for
Experience items.
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Figure 5.5. Measurement model for environmental topic with hypothesized KVP
components
In SEM, boxes are used to represent measured variables, ovals represent latent,
unobserved constructs, and circles represent estimated error terms (Hox & Bechger,
1998). This model shows that there are three latent variables (Knowledge, Values, and
Experience) and three measured variables that contribute to each of these three latent
variables. The arrows between the latent and measured variables, with the head pointing
at the measured variables, demonstrate that the observed values are due to the latent
construct. Curved arrows are used to represent correlations among the variables (Norman
& Streiner, 2003). I did not indicate correlations between the any of these components.
By reducing the complexity of a model, I decreased the likelihood of achieving a model
with an adequate fit merely as a result of high model complexity (Norman & Streiner,
2003). In order to allow for estimation, I also needed to fix one path value associated with
each latent variable (Knowledge, Values, and Experience) to “1.” The diagram above
shows this for knowledge1, values1, and experience1. AMOS will still produce
standardized estimates for fixed paths, assuming no identification problems with the
model. In the figures I present below, I will not include the “1,” but I have still fixed
values to allow estimation.
Various fit statistics exist that can measure how well the model is a representation
of the data, but authors generally prefer to use the Comparative Fit Index (CFI), the NonNormed Fit Index, NNFI or TLI), and Root Mean Square Error of Approximation
(RMSEA) (Schreiber et al., 2006). Comparative fit indices, such as CFI and TLI, test the
deviation of the model from the null hypothesis model in which none of the variables are
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related (Norman & Streiner, 2003). A chi square statistic is used to indicate if the
constructed model differs significantly from the data, with nonsignificant values
indicating a good fit. However, the chi square statistic is sensitive to sample size (Blunch,
2013). Thus, fit measures such as RMSEA are used that rely on an adjusted chi square
distribution and account for degrees of freedom to give a more accurate assessment of the
model fit (Blunch, 2013). CFI and TLI values near 1.00 are considered a good fit;
RMSEA values larger than .10 are unacceptable, with values as low as .05 most desired
(Blunch, 2013).
The model fit for this model with the hypothesized KVP constructs was poor, CFI
= .860, TLI = .790, RMSEA = .094 (90% CI = .070, .118). Due to this poor fit,
alternative model constructions must be explored. I tried the measurement model with the
factors produced by the EFA, producing this structure in Figure 5.6.
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Figure 5.6. Environmental KVP measurement model using EFA factors
Here the model is still a poor fit, but better than the model with the hypothesized
KVP, CFI = .918, TLI = .876, RMESEA = .072 (90% CI = .046, .098). (AIC for EFA
model = 95.881, AIC for hypothesized model = 116.700). Due to the better fit of this
model as evidenced by the lower AIC value, I looked for areas I could modify to improve
the fit. AMOS provides a modification index that suggests adjustments that could
improve the fit of the model. The modification index suggests moving Experience 2 to
Factor 1, as presented in Figure 5.7.

Figure 5.7. Revised measurement model for KVP aspects using EFA factors
The adjusted model achieved a good fit, CFI = .938, TLI = .907, RMESEA = .062
(90% CI = .038, .089). The regression weights and squared multiple correlation
coefficients, indicating how much variance the latent variable (Factor 1, 2, or 3)
contributes to the item are presented in Tables 5.11 and 5.12. For instance, Factor 1
112

accounts for 32% of the variance in the score for the knowledge1 item, as shown in the
column beside knowledge1 in Table 5.12. Table 5.13 shows the covariance values for the
correlated latent variables.
Table 5.11
Regression weights for environmental CFA with KVP factors
Standardized
Estimate S.E. C.R.
Estimate
know1 <--- Factor_1
.568**
1.000
exp2
<--- Factor_1
.553**
1.338 .242 5.526
exp3
<--- Factor_1
.628**
1.321 .227 5.809
know2 <--- Factor_2
.376**
1.000
know3 <--- Factor_2
.682**
2.186 .460 4.748
values1 <--- Factor_2
.434**
1.141 .282 4.049
exp1
<--- Factor_2
.698**
2.464 .517 4.764
values2 <--- Factor_3
.654**
.972 .172 5.642
values3 <--- Factor_3
.700**
1.000
Note. To run SEM, the AMOS software requires some path values to be initially fixed to
1, which is why there are three paths without values for S.E. or C.R.
**Value is significant at the 0.01 level
Table 5.12
Squared multiple correlations for items for environmental topic KVP CFA model
know2
exp3
values3
values2
exp1
values1
know3
exp2
know1

Estimate
.141
.394
.490
.428
.488
.188
.466
.306
.322
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Table 5.13
Covariance values for items in genetics topic KVP CFA model
Estimate
Factor_2 <--> Factor_3
.132**
Factor_1 <--> Factor_2
.109**
Factor_1 <--> Factor_3
.195**
**Value is significant at the 0.01 level

S.E. C.R.
.035 3.774
.029 3.742
.045 4.285

Factor loadings below .4 are low (Hair, Anderson, Tatham, & Black, 1998), and the
loadings for each item here are near or above .40, with the knowledge2 item falling
slightly below .40 but still loading significantly. Thus, given the overall strong model fit
here, I proceeded using this factor structure.
The revision produced a different factor structure from the hypothesized KVP
components and modifies the factors identified by the EFA. The resultant factors and
items are presented in Table 5.14.
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Table 5.14
Factors and items based on CFA
Factor
number
Factor 1

Factor name
Academic
understanding
of issue

Item code
know1
exp2
exp3

Factor 2

Controversy
about issue

know2
know3

values1
exp1
Factor 3

Value of others
devoting
resources

values2

values3

Items
Using words or pictures, explain the
science behind [issue].
(science/ecology)
Would you devote time and/or
money to finding out more about
[issue]? (economy/policy)
What learning experiences have you
had to learn more about [issue]?
(science/ecology)
Why might people understand
environmental preservation
differently? (sociology/ethics)
What political or economic
problems can you imagine existing
around the decisions to [address
issue]? (economy/policy)
Why might different groups have
different opinions about [issue]?
(sociology/ethics)
What have you seen to show you
that different views may exist about
[issue]? (sociology/ethics)
Should local and/or national
governments devote more resources
(time, money, personnel) to
understanding more about [issue]?
(economy/policy)
Should scientists devote more
resources (time, money, personnel)
to understanding more about
[issue]? (science/ecology)

Compared to the factor structure derived from the EFA, the collections of items for each
factor have a greater substantive justification for association, as summarized by the factor
names in the second column of Table 5.14. Most notably, the CFA results suggested
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relocating the experience2 question to Factor 1, which includes the science/ecology
questions from Knowledge and Experience. Though experience2 does not ask students
directly about their understanding of the science of the issue, student responses to this
question were based almost exclusively on their exposure to the issue in school science.
Due to the low degree of experience students demonstrated for this issue in responses to
this question, fairly low-level responses such as indicating that they learned about it in
biology earned high scores (a score of 2) due to their relative positioning to other
responses. These types of responses contrast to the values2 and values3 questions,
remaining in Factor 3, to which students answered with more depth and tended to express
more of a willingness for others to devote resources, possibly because the students did
not see a direct impact on themselves if scientists or governments devoted time or money
to the project and were therefore more likely to be liberal in their willingness to see
resources allocated. A full discussion of the implications for this revised factor structure,
including more substantive support from the literature about the SEE-SEP framework, is
presented in the Discussion of Results chapter (Chapter 6). Based on this stronger
alignment with the way in which students appeared to interpret the question, I retained
this model to use in the final SEM, discussed below. Hereafter, I will refer to this
collection of factors as the “KVP Factors,” whereas references to the original KVP
groupings I will refer to as “hypothesized KVP.”
Structural equation model – confirmatory factor measurement model for
KVP of genetics topic. I first tested the hypothesized KVP factor groupings, as
illustrated in Figure 5.5 in the section on the environmental topic. The model fit for this
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model was also poor, CFI = .825, TLI = .671, RMSEA = .091 (90% CI = .067, .115). I
tried the measurement model using the structure from the CFA of the environmental
model with the KVP Factors, shown in Figure 5.7. This model using the KVP Factors
gives a fit of CFI = .898, TLI = .847, RMSEA = .068 (90% CI = .042, .094), which is
weak but, as with the environmental topic, better than the statistics for the hypothesized
KVP model. These poor fit indices indicated the need for modifications. I reviewed the
suggested modifications to suggest possible correlations that would improve the model
fit. I added recommended correlations between items within the same factor (knowledge1
and experience3, knolwedge2 and values1, and knowledge3 and values1) as well as
between the two knowledge items, knowledge1 and knowledge3, in Factor 1 and Factor
2, respectively. The fit for this model, shown in Figure 5.8, was good, CFI = .978, TLI =
.960, RMSEA = .035 (90% CI = .000, .069). Tables 5.15 and 5.16 show the regression
weights and squared multiple correlations, respectively, and Table 5.17 shows the
covariance values for the correlated terms.
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Figure 5.8. Modified measurement model for KVP factors for genetics topic
Table 5.15
Standardized regression weights for KVP Factor items in genetics CFA

know1
exp3
know2
know3
values1
exp1
values2
values3
exp2

<--<--<--<--<--<--<--<--<---

Factor_1
Factor_1
Factor_2
Factor_2
Factor_2
Factor_2
Factor_3
Factor_3
Factor_1

Standardized
Estimate
.425**
.361**
.440**
.313**
.242**
.657**
.714**
.667**
.524**

Estimate S.E.
1.000
.820
1.000
.846
.607
1.521
1.000
.828
1.281
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C.R.

.179 4.572
.268 3.157
.218 2.780
.373 4.073
.158 5.237
.260 4.922

Note. To run SEM, the AMOS software requires some path values to be initially fixed to
1, which is why there are three paths without values for S.E., or C.R.
**Value is significant at the 0.01 level
Table 5.16
Squared multiple correlations for items in KVP Factors CFA for genetics items
know2
exp2
values3
values2
exp1
values1
know3
exp3
know1

Estimate
.193
.274
.445
.510
.431
.058
.098
.131
.181

Table 5.17
Covariance values for correlated items in KVP Factors for CFA for genetics items
Estimate
Factor_2 <--> Factor_3 .063*
Factor_1 <--> Factor_3 .245**
Factor_1 <--> Factor_2 .149**
E1
<--> E3
.219**
E6
<--> E4
.120*
E5
<--> E6
.133*
E1
<--> E5
.182**
**Value is significant at the 0.01 level
*Value is significant at the 0.05 level

S.E.
.031
.057
.042
.069
.049
.055
.062

C.R.
2.035
4.309
3.539
3.178
2.449
2.403
2.925

Unlike with the environmental model, this model showed low regression weights
(below .4) for two items (knowledge3 and values1, both in Factor 2), which were also
shown to have a very small degree of their variance accounted for by the factor (.098 and
.058, respectively).
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This measurement model demonstrated that the factor structure for the KVP
components was similar for the environmental and genetics topics after the inclusion of
error correlations. One of these correlations was between the items that asked students to
explain the science behind the topic (knowledge1) and to detail the learning experiences
they have had related to the topic (experience3). Knowledge1 and experience3 both
existed within the same factor, comprised of items that measure academic understanding
of the facts of the issue, and it makes sense that the learning experience students have
would be correlated with their ability to explain the science behind the issue, as
evidenced by the positive error correlation between the two items. This error correlation
means that there is an unaccounted-for factor that positively influences scores on both
items. Another correlation was between the knowledge1 and knowledge3 items, which
both assessed understanding of the issue. The correlation between knowledge2 and
values1 both measured awareness of different opinions that may exist about the issue, and
the correlation between knowledge3 and values1 both spoke to the existence of
controversy. All these error term correlations allowed the model to account for some
aspect of these factors that were not measured by the instrument.
Structural equation model – confirmatory factor measurement model for
SSR of environmental topic. I then checked the measurement model for the SSR
aspects, as illustrated in Figure 5.9 for the environmental topic. In this and other figures
and tables in this chapter, I abbreviated as follows: “skept” for Skepticism items,
“perspect” for Perspectives, and “comp” for Complexity.
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Figure 5.9. Measurement model for SSR components for environmental topic
This model was not able to run due to an iteration limit reached. In examining the output,
the regression weight estimate for Complexity  complexity2 was large and negative (34.372) indicating a likely problem with this item. I checked correlation table between all
SSR items (see Table 5.18), and complexity1 had poor correlation with all items, so I
removed it from analysis.
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Table 5.18
Correlation matrix for environmental SSR items
comp1
comp2
perspect1 perspect2
comp1
1
comp
-.038
1
perspect1 .018
.287**
1
**
perspect2 .015
.263
.217**
1
**
inquiry1
-.066
.223
.134*
.129*
inquiry2
.051
.162*
.118
.242**
**
inquiry3
.035
.166
.100
.036
*
skept1
-.116
.139
.080
.253**
skept2
-.011
.114
.197**
.123
skept3
.003
.087
.101
.026
**Correlation significant at the 0.01 level (2-tailed)
*Correlation significant at the 0.05 level (2-tailed)

inquiry1

inquiry2

inquiry3

skept1

skept2

skept3

1
-.053
.047
.058
.138*
.109

1
-.063
.100
.101
.103

1
.037
.046
.130*

1
.151*
.041

1
.111

1
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I included the complexity2 item as a “factor,” though it is a single observed variable
(Blunch, 2013) to retain the theorized SSR aspects. The model produced the output
below, in Figure 5.10, with failure to produce standardized values for paths associated
with the Inquiry aspect, indicating an identification problem with the model.

Figure 5.10. Revised SSR model for genetics with the complexity1 item removed fails to
identify, as demonstrated by the inability to produce standardized values for the paths
associated with Inquiry.
I tried removing each inquiry item separately (inquiry1, then inquiry2, then
inquiry3). Removing inquiry1 or inquiry3 failed to solve the identification problem, but
removal of the inquiry2 item produced an identified model with a good fit, shown in
Figure 5.11, CFI = 1.000, TLI = 1.021, RMSEA = .000 (90% CI = .000, .058). This
model still had problems of low loading and variance contributions for several items, as
shown in Tables 5.19 and 5.20. Table 5.21 shows latent variable covariances.
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Figure 5.112. Environmental SSR model with inquiry2 item removed to address
misidentification problem. Regression weights are low for the inquiry and skepticism
items.
Table 5.19
Regression weights for environmental topic SSR CFA
Standardized
Estimate S.E. C.R.
Estimate
skept1
<--- Skepticism .341**
1.000
skept2
<--- Skepticism .426**
1.370 .519 2.638
perspect1 <--- Perspectives .457**
1.000
perspect2 <--- Perspectives .461**
.955 .246 3.880
inquiry1 <--- Inquiry
.282**
1.000
inquiry3 <--- Inquiry
.200*
.681 .290 2.345
skept3
<--- Skepticism .221
.476 .246 1.935
Note. To run SEM, the AMOS software requires some path values to be initially fixed to
1, which is why there are four paths without values for S.E. or C.R.
**Value is significant at the 0.01 level
*Value is significant at the 0.05 level
Table 5.20
Squared multiple correlations for environmental topic SSR CFA items
Estimate
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inquiry3
inquiry1
perspect2
perspect1
skept3
skept2
skept1

.040
.080
.212
.208
.049
.181
.116

Table 5.21
Covariances for correlated latent variables for environmental topic SSR CFA
Estimate
Perspectives <--> Inquiry
.176*
Skepticism <--> Perspectives .224**
Skepticism <--> Inquiry
.134*
Inquiry
<--> complexity2 .309**
Skepticism <--> complexity2 .161*
Perspectives <--> complexity2 .436**
**Value is significant at the 0.01 level
*Value is significant at the 0.05 level

S.E.
.073
.083
.061
.089
.075
.105

C.R.
2.407
2.704
2.177
3.465
2.146
4.137

Structural equation model – confirmatory factor measurement model for
SSR of genetics topic. I then checked the measurement model for the SSR aspects for the
genetics topic, first using the hypothesized groupings, as shown in Figure 11, above for
the environmental topic. The fit statistics for this model were good, CFI = 1.000, TLI =
1.174, RMSEA = .000 (90% CI = .000, .024), but posed the problem of presenting a
factor structure that is different from with the structure of the environmental SSR, where
Complexity was represented by a single observed variable (complexity2). I looked at the
Complexity items and observed that they correlated well with each other and other items,
as shown in Table 5.22, so I retained both.
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Table 5.22
Correlation matrix for genetics SSR items
comp1

comp2

perspect1

perspect2

comp1
1
comp2
.212**
1
perspect1 .097
.210**
1
perspect2 .039
.044
.189**
1
**
**
inquiry1
.202
.266
.074
.041
inquiry2
.115
.086
.124
.112
**
inquiry3
.112
.216
.089
.144*
skept1
.134*
.234**
.103
.119
*
skept2
.145
.109
.128*
.140*
skept3
.073
-.002
-.003
.014
**Correlation is significant at the 0.01 level (2-tailed)
*Correlation is significant at the 0.05 level (2-tailed)

inquiry1

inquiry2

inquiry3

skept1

skept2

skept3

1
.085
.053
.065
.130*
-.026

1
.038
.002
.012
.012

1
.075
.142*
-.019

1
.080
.021

1
.005

1
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Tables 5.23, 5.24, and 5.25 show the regression weights, squared multiple correlations,
and covariance values.
Table 5.23
Standardized regression weights for genetics SSR CFA
Standardized
Estimate S.E. C.R.
Estimate
skept1
<--- Skepticism .319**
1.000
skept2
<--- Skepticism .271**
.957 .351 2.725
skept3
<--- Skepticism .028
.074 .205 .361
inquiry1 <--- Inquiry
.303**
1.000
inquiry2 <--- Inquiry
.151*
.499 .230 2.172
inquiry3 <--- Inquiry
.243**
.739 .237 3.114
comp1
<--- Complexity .385**
1.000
comp2
<--- Complexity .516**
1.329 .322 4.128
perspect1 <--- Perspectives .466**
1.000
perspect2 <--- Perspectives .388**
.764 .293 2.606
Note. To run SEM, the AMOS software requires some path values to be initially fixed to
1, which is why there are four paths without values for S.E. or C.R.
**Value is significant at the 0.01 level
*Value is significant at the 0.05 level
Table 5.24
Squared multiple correlations for genetics SSR items CFA
perspect2
perspect1
comp2
comp1
inquiry3
inquiry2
inquiry1
skept3
skept2
skept1

Estimate
.150
.217
.266
.148
.059
.023
.092
.001
.073
.102
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Table 5.25
Covariance values for correlated SSR latent variables for genetics CFA
Estimate
Complexity <--> Perspectives .195**
Inquiry
<--> Perspectives .202*
Skepticism <--> Perspectives .215**
Inquiry
<--> Complexity .293**
Skepticism <--> Complexity .214**
Skepticism <--> Inquiry
.141*
**Value is significant at the 0.01 level
*Value is significant at the 0.05 level

S.E.
.074
.080
.082
.081
.069
.062

C.R.
2.625
2.535
2.632
3.601
3.098
2.265

As with the SSR model for the environmental topic, there were problematically low
factor loadings for several items, notably skepticism3 and each of the Inquiry measures,
as was the case with the environmental SSR model.
Summary of KVP and SSR CFA Models and Next Steps
The four analyses above detailed the first steps in construction of the full
structural model to test the hypothesized relationship between KVP and SSR. In these
analyses, I determined the most appropriate factor structure for KVP as the KVP Factors
as identified initially through EFA and revised through CFA. The SSR factor structure
remained as hypothesized, but I had to remove one of the Complexity items for the
environmental model due to very low correlations between other SSR items, and I
removed one of the Inquiry items from the genetics model to address a misidentification
problem. In my next steps, described below, I combine the KVP Factors with SSR to
produce a model, test the model fit, revise as needed, and report regression weights for
interpretation.
Full structural equation model – test of fit for environmental topic. After
identification of the appropriate factor structure using the CFA steps outlined above, I
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used MLE to determine parameter estimates for the environmental topic. To handle the
Complexity variable, measured by only one item, it is customary to fix the error variance
for the item to 0.00 to allow the determination of a path value. This model is shown in
Figure 5.12.

Figure 5.12. Initial structural model for environmental topic
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This model had a good fit, CFI = .934, TLI = .920, RMSEA = .035 (90% CI = .014, .050)
but showed problems with multicollinearity with the Perspectives and Inquiry aspects, as
evidenced by standardized regression weights above 1.00 (Jöreskog,1999), 1.21 for SSR
to Inquiry and 1.06 for SSR to Perspectives. The correlation matrix in Table 5.18 also
supported the supposition of multicollinearity as shown in correlations between these and
other SSR items. Due to the correlation that existed between complexity2 and the
perspectives items, I added error term correlations between each Perspective item and
complexity2 [(CFI = .935, TLI = .920, RMSEA = .035 (90% CI = .014, .050)]. This
modification removed the multicollinearity problem for the Perspectives aspect, but not
for Inquiry. This multicollinearity problem likely persisted due to the very weak loadings
of each of the Inquiry and Skepticism items in the model, making conclusions difficult to
draw.
Structural equation model – test of fit for genetics topic. I ran the structural
model that united the KVP and SSR measurement models for the genetics topic, as
shown in Figure 5.13.
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Figure 5.133. Initial full structural model for genetics topic
The model fit was fair, CFI = .912, TLI = .918, RMSEA = .031 (90% CI = .011,
.046), but also showed problems of multicollinearity for Factor 1, Inquiry, and
Complexity (standardized estimates of 1.70 for KVP to Factor 1, 1.32 for SSR to Inquiry,
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and 1.21 for SSR to Complexity), in addition to showing a very low regression weight
between KVP and SSR (-.01).
Structural Equation Modeling: Model Respecification
The above analyses described the model structure and fit for the full structural
models for the environmental and genetics topics. Although the fit statistics were
satisfactory for the models, both demonstrated multicollinearity problems, as indicated by
standardized regression weights higher than 1.00, which were uninterpretable. Thus, I
considered avenues for model modification that would retain the theoretical structure of
the SEE-SEP framework (Blunch, 2013; Norman & Streiner, 2003). Because the SSR
aspects held together as factors aligned with the theory, whereas the KVP items were
separated into separate factors, I reexamined the model by using composite scores for
SSR components rather than individual items that are reflective of latent constructs. This
approach reduced the ability to account for latent variable error provided by the full
model but still enabled detection of contributions of the Factors to each SSR aspect.
Model respecification with composite SSR scores for environmental topic. I
revisited the model structure after adjusting the SSR variables, as shown in Figure 5.14.
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Figure 5.14. Environmental full model using SSR composites shows fit.
This model had a fair fit, CFI = .929, TLI = .909, RMSEA = .048 (90% CI = .028, .066),
indicating it was acceptable to retain. Table 5.26 presents the standardized regression
weights for these variables, and Table 5.27 presents the squared multiple correlations.
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Table 5.26
Standardized regression weights for variables in environmental model using composite
SSR
Standardized
Estimate S.E. C.R.
estimate
Factor_1
<--- KVP
.757**
1.000
Factor_2
<--- KVP
.863**
.731 .195 3.739
Factor_3
<--- KVP
.719**
1.215 .273 4.452
SSR
<--- KVP
.645**
.468 .145 3.235
values1
<--- Factor_2
.427**
1.145 .286 4.010
exp1
<--- Factor_2
.691**
2.485 .524 4.743
values2
<--- Factor_3
.638**
1.000
values3
<--- Factor_3
.718**
1.082 .185 5.837
know2
<--- Factor_2
.369**
1.000
know3
<--- Factor_2
.696**
2.273 .479 4.748
exp3
<--- Factor_1
.639**
1.352 .231 5.843
exp2
<--- Factor_1
.547**
1.329 .242 5.497
know1
<--- Factor_1
.564**
1.000
Compave
<--- SSR
.338**
1.000
Perave
<--- SSR
.615**
2.303 .614 3.749
Inqave
<--- SSR
.545**
1.284 .349 3.679
Skeave
<--- SSR
.415**
1.135 .337 3.364
Note. To run SEM, the AMOS software requires some path values to be initially fixed to
1, which is why there are five paths without values for S.E. or C.R.
**Value is significant at the 0.01 level
Table 5.27
Squared multiple correlations for full model for environmental topic
KVP
SSR
Factor_1
Factor_3
Factor_2
Skeave
Inqave
Perave
Compave
know2
exp3

Estimate
.000
.416
.574
.516
.744
.172
.297
.378
.114
.136
.408
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exp2
values3
values2
exp1
values1
know3
know1

.299
.515
.407
.477
.183
.484
.318

The output from AMOS also presented information on how KVP could be associated
with each of the SSR components through calculation of standardized total effects. These
standardized total effects showed that KVP had the strongest effect on Perspectives (.397,
meaning that an increase of one KVP standard deviation was associated with an increase
in .397 standard deviations for the average Perspectives level), then Inquiry (.351), with
the weakest effects on Skepticism (.268) and Complexity (.218). AMOS software does
not provide information on direct effects carried across latent variables (such as from a
KVP factor to SSR), so I used analysis on the effects of the three factors on SSR
conducted using Mplus, which showed a significant effect of Factor 2 on SSR
(standardized estimate = .412, p = .029) but not Factor 1 (estimate of .047, p = .789) or
Factor 3 (estimate of .212, p = .188).
Model respecification with composite SSR scores for genetics topic. I repeated
this process using the genetics model. However, the multicollinearity problem described
above was not resolved by using composite SSR scores; the standardized estimate for the
KVP to Factor 1 path remained above 1 (at 1.38), and the regression weight from KVP to
SSR remained low (at .11). This model is shown in Figure 5.15.
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Figure 5.15. Using composite SSR scores for the genetics topic does not resolve the
multicollinearity issue.
Unlike with the environmental topic, these results cannot be meaningfully interpreted
going forward in this analysis due to the presence of multicollinearity and low regression
weight from KVP to SSR. Multicollinearity poses several problems to interpretation,
such indicating the presence of confounding variables that make relationships difficult to

136

isolate and increasing variances of regression coefficients (Mertler & Vannatta, 2013).
The low regression weight from KVP to SSR fails to align with the theory that associates
KVP and SSR, indicating a poor fit of the data to the model. Because the purpose of my
work is to interpret the data within the SEE-SEP framework, specifically looking at the
relationship between KVP and SSR, the absence of a relationship here obviates
interpretation for my purposes.
SEM Analysis Summaries
In conducting the factor analysis, the hypothesized KVP factors produced a poor
model fit for both topics, so I retained the KVP Factors identified through measurement
model development of the KVP items for SEM. My initial analysis of the full structural
models did not result in interpretable models for either topic as evidenced by the presence
of multicollinearity. When I converted the SSR items composite scores, my analysis
resulted in a viable result that could be interpreted for the environmental topic, which
demonstrated a significant contribution of KVP (as redefined using the KVP Factors) to
SSR, particularly for Factor 2, Awareness of controversy. However, I was not able to use
SEM to provide information about the structure of the genetics data. For the genetics
topic, the multicollinearity problem persisted, and I could not resolve it without deviating
significantly from the theoretical structure postulated by Chang Rundgren and Rundgren
(2010) that I was trying to model. Because this research requires the understand of both
topics, I needed to consider additional analyses so that the two topics could be compared.
In the next section I discuss those analyses. The possible explanations and implications of
this revision will be discussed in the final chapter.
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Revisiting RQs 1 and 2 Using MANOVA
As indicated above, my analysis using SEM was unable to produce a viable model
absent of multicollinearity complications while also retaining the necessary alignment to
theory for the genetics topic. Thus, I was not able to use the model for the genetics topic
to assess the relationship between KVP and SSR as intended by RQ 2. This problem
could be due to an inadequate sample size or external, unmeasured characteristic of the
data that caused it to misalign with the theory (Blunch, 2013). Due to the inability to
produce interpretable results using SEM for both topics, I needed to pursue other means
for assessing the contribution of students’ KVP to their SSR to answer my RQs. To do so,
I explored both questions using MANOVA. MANOVA, unlike SEM, is used to explore
the differences between categorical groups on continuous variable outcomes. MANOVA
does not operate using latent variables, as SEM does, and thus does not account for
measurement error like SEM. Nonetheless, it can be a useful approach to understanding if
outcome measures (DVs) differ based on group membership (Mertler & Vannatta, 2013).
To answer RQs 1 and 2 using MANOVA, I still needed a measure of KVP and
SSR, though the nature of those variables needed to be adjusted to meet the criteria for
MANOVA statistics. Namely, I needed single continuous variables for each of the four
SSR aspects, and I needed categorical variables for KVP. In this analysis, I used the mean
scores for each SSR aspect (Complexity, Perspectives, Inquiry, and Skepticism) as DVs
and designation of low, mid, or high Knowledge, Values, and Experience (hypothesized
KVP factors) as IVs. Then, I used the three factors identified in the KVP measurement
model development discussed above (the KVP Factors: Academic understanding,
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Awareness of controversy, and Value of others using resources) as IVs to see if these
newly defined factors provided any additional insight to what characteristics of students
were associated with higher levels of SSR. I repeated this analysis for both the
environmental and genetics topics.
Figure 5.16, below, summarizes the steps used in SEM as well as MANOVA to
give a collective picture of my approach in answering RQs 1 and 2. Figure 5.16 shows
that in SEM I screened the data, conducted EFA followed by CFA to determine factor
structure, then produced the full structural model using SEM. I respecified the model
using mean values of the SSR factors, but, as described above, still could not produce a
useful SEM for the genetics topic. Thus, I decided to conduct MANOVA, which, as
shown in the figure, involved converting the IV data to categorical groups, then
conducted MANOVA for hypothesized KVP and KVP Factors. I also checked for the
influence of demographics on SSR for each MANOVA (with hypothesized KVP and
KVP Factors).

Figure 5.16. Summary of SEM and MANOVA steps for RQs 1 and 2.
The revised RQs, hypotheses, and variables are as follows:
RQ 1: Are there significant differences in levels of SSR (in the aspects of Complexity,
Perspectives, Inquiry, and Skepticism) for individuals with different degrees of KVP
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(consisting of Knowledge, Values, and Experience aspects) with the issue of
environmental preservation or for individuals with different KVP Factors of Academic
understanding of the issue, Awareness of controversy of the issue, or Value of others
using resources for the issue of environmental preservation?
HO: There are no significant differences between levels of SSR
and KVP or KVP Factors of Academic understanding of the issue, Awareness of
controversy of the issue, or Value of others using resources for the issue of
environmental preservation.
HA: There are significant differences between levels of SSR
and KVP or KVP Factors of Academic understanding of the issue, Awareness of
controversy of the issue, or Value of others using resources for the issue of
environmental preservation.
RQ 2: Are there significant differences in levels of SSR (in the aspects of Complexity,
Perspectives, Inquiry, and Skepticism) for individuals with different degrees of KVP
(consisting of Knowledge, Values, and Experience aspects) with the issue of genetic
screening or for individuals with different KVP Factors of Academic understanding of
the issue, Awareness of controversy of the issue, or Value of others using resources for
the issue of genetic screening?
HO: There are no significant differences between levels of SSR
and KVP or KVP Factors of Academic understanding of the issue, Awareness of
controversy of the issue, or Value of others using resources for the issue of
genetic screening.
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HA: There are significant differences between levels of SSR
and KVP or KVP Factors of Academic understanding of the issue, Awareness of
controversy of the issue, or Value of others using resources for the issue of
genetic screening.
The DVs for both questions were the average student responses on the SSR measures in
the areas of Complexity, Perspectives, Inquiry, and Skepticism for environmental topics.
The value for each component ranges from 0-3. The IVs for both questions were
measures levels of the hypothesized KVP factors of Knowledge, Values, and Experience
and the levels on each of the KVP Factors of Academic understanding of the issue,
Awareness of controversy, and Value of others contributing resources. The IVs consisted
of level designations of low, mid, or high, as discussed below, in the next section, Overall
Preparation of the Data. Figure 5.17 depicts this evaluation of the data.
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Figure 5.17. MANOVA is conducted using the hypothesized KVP factors and the newly
identified KVP Factors to determine the differences between SSR level for different
levels of the two sets of factors. This analysis is conducted in two separate MANOVA
tests to compare the sets of factors.
Overall Preparation of Data
For both topics I used the same, screened data set as used for the SEM described
above. I then prepared the data for MANOVA by calculating averages for responses to
each set of KVP items, producing three variables (average for Knowledge, for Values,
and for Experience), and for each of the KVP Factors (average for Factors 1, 2, and 3).
Then I converted these values into categories of low, mid, and high based on averages of
less than one, above one and less than two, or above 2, respectively. Converting this
continuous data to categories reduced the information available but was necessary for the
MANOVA analysis.
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In order to allow the conclusions of this analysis to be meaningful, I used the
questions and their rubrics, seen in Table 4.6, that comprised the KVP Factors and
hypothesized KVP aspects to create rubrics ascribing meaning to the low, mid, and high
levels. Although the rubric that I created for these items consisted of four levels initially,
collapsing the responses to three categories made for more convenient cutoff scores to
allow for consistency in grouping across levels. Additionally, if the KVP instrument were
to be used with the 0-3 scale rubric, designations of low, mid, and high based on these
intervals allows the scores to be more interpretable to practitioners. These rubrics
detailing low, mid, and high scores are presented in Tables 5.28 and 5.29.
Table 5.28
Rubric of hypothesized KVP levels
Knowledge
Values
Experience

Low
Absent, irrelevant,
or inaccurate
Expresses no or
little value for the
issue
Little or no
experience with the
issue

Mid
Describes vaguely
the issue
Expresses vaguely
value for the issue
Expresses vaguely
experience with the
issue

High
Describes the issue
in detail
Specifies value or
expresses value
strongly
Describes specific
experience with the
issue

Table 5.29
Rubric of KVP Factor levels
Factor 1: Academic
understanding of
the issue

Low
Little to no personal
understanding of
the issue

Mid
Expresses some
learning or
willingness to learn

Factor 2:
Awareness of
controversy of issue

Little to no
awareness of
controversy of issue

Describes vaguely
controversy
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High
Specifically
describes past
learning or
willingness to learn
Describes
specifically why the
issue is

Factor 3: Value of
others devoting
resources

Does not think
others should
devote resources or
unenthusiastic
about use of
resources

associated with the
issue
Thinks resources
should be used for
some aspects of the
issue

controversial from
at least one side
Thinks resources
should be used
towards resolving
the issue

I also averaged the scores for each SSR aspect (Complexity, Perspectives, Inquiry, and
Skepticism) but retained these continuous values, as these are the DVs for the analysis. In
the variable names below, I use the term “FactorXlev” to indicate that the variable refers
to the categorical level designations.
Revised RQ 1: MANOVA for Environmental Topic
For this analysis I used the same screened data set of 242 responses as used for
SEM. MANOVA analysis requires that data are normally distributed, though analysis is
robust to violations of normality provided that the sample size is large, containing now
fewer than 20 in the smallest cell. Table 5.30 summarizes the descriptive statistics for
each variable, and Table 5.31 shows the size of each cell for each IV. These assessments
indicated that proceeding with MANOVA is appropriate.
Table 5.30
Descriptive statistics of variables for environmental topic MANOVA

Compave
Perave
Inqave
Skeave
Factor1lev
Factor2lev

Min

Max

Mean

Std. D

.00
.00
.00
.00
.00
.00

3.00
3.00
3.00
2.67
2.00
2.00

1.665
1.851
1.527
1.145
.905
.963

.815
1.035
.647
.755
.754
.672
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Skewness
Value
SE
-.417 .156
-.332 .156
-.047 .156
.303 .156
.159 .156
.043 .156

Kurtosis
Value
SE
-.299 .312
-1.124 .312
-.239 .312
-.697 .312
-1.220 .312
-.766 .312

Factor3lev
FactorKlev
FactorVlev
FactorPlev

.00
.00
.00
.00

2.00
2.00
2.00
2.00

1.413
.996
1.248
.988

.714
.685
.667
.776

-.797
.005
-.330
.021

.156
.156
.156
.156

-.648
-.851
-.782
-1.333

.312
.312
.312
.312

Table 5.31
Frequencies of cells for IVs for environmental topic MANOVA
Low
Mid
High

Factor 1
81
103
58

Factor 2
59
133
50

Factor 3
32
78
132

Knowledge
57
129
56

Values
31
120
91

Experience
74
97
71

MANOVA using hypothesized KVP factors. For this analysis I used the
hypothesized KVP factors, with scores for each set of items averaged and grouped into
categories of low, mid, and high, as described above. For the assessment of KVP, Box’s
test was nonsignificant, F(160, 7078.291) = 1.166, p = .077, as were Levene’s tests for
homogeneity of variances, F(16, 220) = 1.382, p = .152 for average Complexity, F(16,
220) = .878, p = .595 for average Perspectives, F(16, 220) = .375, p = .987 for average
Inquiry, and F(16, 220) = 1.417, p = .135 for average Skepticism.
Because the Box’s test was not significant, and the homogeneity of variancecovariance assumption was fulfilled, I use the Wilk’s Lambda test statistic to interpret the
MANOVA results. The interaction effect of Knowledge and Experience was significant
[F (16, 663.584) = 1.705, p = .041, η2 = .030], though interaction effects for Knowledge
and Values or Values and Experience or all three KVP aspects were not [F (16, 654.418)
= 1.506, p = .091, η2 = .027 and F (12, 574.420) = 1.204, p = .276, η2 = .022, F (16,
663.584) = 1.180, p = .284, η2 = .021, respectively].
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When an interaction effect is significant, main effects cannot be interpreted with
confidence. It is then necessary to examine a simple effects test to test for significance of
the different parts. In doing so, it is necessary to reduce the alpha statistic by dividing by
the number of simple effects tests being performed (two, in this case, resulting in an
alpha level of .025). Using this more conservative alpha, my analysis did locate
differences between the 0 and 2 scores for the SSR aspects Complexity, Inquiry, and
Skepticism aspects (p = .014, .001, and .023, respectively) for the Experience KVP
aspect, but the analyses did not enable me to discern any significant differences for the
Knowledge aspect. Table 5.32 presents the adjusted and unadjusted means for these
aspects.
Table 5.32
Unadjusted and adjusted group means for Experience aspect for Complexity, Inquiry,
and Skepticism
Complexity
Inquiry
Adjusted Unadjusted Adjusted Unadjusted
Low 1.806a
1.713
1.261a
1.313
a
Mid 1.716
1.644
1.308
1.334
High 1.604a
1.708
1.399 a
1.418
a. Based on modified population marginal mean.

Skepticism
Adjusted
Unadjusted
1.407 a
1.310
1.447
1.504
1.545 a
1.624

These values show that students with the highest levels of Experience with the
issue demonstrated greater levels of Inquiry and Skepticism SSR than students with the
lowest, but students with the highest experience demonstrated lower levels of Complexity
SSR than students with the least experience.
MANOVA using newly identified KVP Factors. For this analysis I used the
three KVP Factors identified from the KVP measurement model in the SEM section as
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IVs: Academic understanding of the issue, Awareness of controversy of issue, and Value
of others allocating resources to the issue. I used the same sample of responses as with
the previous analysis.
For the assessment of the KVP Factors, Box’s test was nonsignificant, F(140,
9108.599) = .888, p = .824, as was Levene’s statistics, F(20, 217) = .643, p = .877 for
average Complexity, F(20, 217) = .772, p = .745 for average Perspectives, F(20, 217) =
.736, p = .786 for average Inquiry, and F(20, 217) = 1.273, p = .199 for average
Skepticism. As above, due to met assumptions of homogeneity of variance-covariance, I
used the Wilk’s Lambda statistic.
Review of interaction effects revealed no significance, F (16, 654.418) = 1.296, p
= .193, η2 = .024 for Factors 1 and 2; F (16, 654.418) = .630, p = .861, η2 = .012 for
Factors 1 and 3; F (16, 654.418) = .335, p = .993, η2 = .006 for Factors 2 and 3; F (24,
747.767) = .969, p = .506, η2 = .026 for Factors 1, 2 and 3. The main interaction for
Factor 1, Academic understanding of the issue, was significant, F (8, 428) = 2.392, p =
.016, η2 = .043. Between-subjects effects, using a more conservative alpha of .05/4 for
examination of four DVs, showed significance for levels of Factor 1 on the Complexity
aspect, F (2, 217) = 4.788, p = .009, η2 = .042. Pairwise comparisons indicated that those
with a low level of knowledge with the topic were significantly less likely than those with
a high level of knowledge to understand the Complexity of the issue (p = .011). Table
5.33 presents the unadjusted and adjusted group means.
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Table 5.33
Unadjusted and adjusted group means for Factor 1 aspect on Complexity
Adjusted
Unadjusted
Low
1.398a
1.619
a
Mid
1.757
1.462
High
2.040 a
1.333
a. Based on modified population marginal mean.
These values show that students with higher academic understanding of the topic
were significantly more likely to demonstrate higher levels of Complexity SSR than
students with the least understanding.
Evaluation using demographics. To explore if the inclusion of demographic
considerations could influence these results, I conducted ANOVA using the demographic
information collected (age, gender, race, class, typical grades, and grade level). I include
this analysis separately from the above analysis so that results with and without
demographic consideration can be compared to better advise practitioners who may or
may not have access to demographic information when developing interventions.
I first screened the demographic data to find correlations between demographic
variables so I could reduce the number of demographics included in analysis. Because
best practice is to reduce the alpha threshold for significance based on the number of tests
conducted, reducing the demographics allows me to be better positioned to detect
significances. I found that the characteristics of age and class (r = .628, p < .01), age and
grade (r = .885, p < .01), and class and grade (r = .721, p < .01) were highly correlated.
For utility I elected to only include the class demographic in analysis, since researchers
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and teachers will be much more equipped to make modifications at the class level than
the level of age or grade level.
Additionally, I examined if any data needed to be transformed based on low
membership in some groups. The Race category consisted of very unequal sizes, with
195 students identifying as White and 48 identifying as another race. To make the
categories more equal I collapsed the other races into a single comparative category. I
also transformed the typical grades category, in which only six indicated they received
“mostly D’s.” I included them in the “mostly C’s” category, which had 25. The class
category had only 17 physical science and 12 biology, so I grouped physical science and
biology into an “underclassman science” category.
Using the more conservative alpha of .05/4 (.0125), my analysis using ANOVA
detected a difference between groups based on their typical grades for their Experience
level. As noted in the analysis above, Experience was shown in the MANOVA analysis
to be associated with differences in scores for the Complexity, Inquiry, and Skepticism
aspects, so it was worth including the typical grades demographic in analysis to better
understand the true influence of Experience on these scores.
I conducted MANOVA using typical grades and the three KVP aspects as fixed
factors and the four SSR aspects as DVs. Box’s M was significant, F(190, 6878.815) =
1.152, p = .077. Using the Wilk’s Lambda value to interpret multivariate tests, I observed
no significance for the interaction of Experience and typical grades, F(16, 724) =
544.437, p = .189. The typical grades factor was not in isolation found to be significant
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[F(8, 356) = .941, p = .201]. Thus, when included in multivariate analysis, the influence
of typical grades was not found to be significant.
Revised RQ 2: MANOVA for Genetics Topic
For this analysis I used the same screened data set of 243 responses as used for
SEM.
Again, I checked the assumptions for MANOVA for the genetics topic. The
normality assessment information is presented in Table 5.34 and the frequencies in Table
5.35.
Table 5.34
Descriptive statistics of variables for genetics topic MANOVA
Minimum Maximum Mean Std. Deviation
Compave
Perave
Inqave
Skeave
Factor1lev
Factor2lev
Factor3lev
FactorKlev
FactorVlev
FactorPlev

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

3.00
3.00
3.00
3.00
2.00
2.00
2.00
2.00
2.00
2.00

1.687
1.300
1.331
1.413
.745
.539
1.436
.679
1.193
.5680

Skewness
Kurtosis
Statistic SE Statistic SE
.971
-.146 .156 -1.074 .311
.997
.175 .156 -1.072 .311
.726
.151 .156
-.551 .311
.690
.001 .156
-.798 .311
.711
.413 .156
-.951 .311
.650
.808 .156
-.413 .311
.698
-.838 .156
-.535 .311
.707
.548 .156
-.861 .311
.649
-.212 .156
-.684 .311
.667
.760 .156
-.521 .311

Table 5.35
Frequencies of cells for IVs for genetics topic MANOVA
Low
Mid
High

Factor 1
100
105
38

Factor 2
133
89
21

Factor 3
29
79
135

Knowledge
112
97
34
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Values
32
132
79

Experience
129
90
24

MANOVA using hypothesized KVP factors. For this analysis I used the
hypothesized KVP factors, with scores for each set of items averaged and grouped into
categories of low, mid, and high, as described above in the section on the MANOVA
approach to answer the revised RQ 1.
For the hypothesized KVP factors, Box’s M was nonsignificant, F(130, 5435.028)
= .682, p = .998, and Levene’s test supported the assumption of equal error variance,
F(22, 220) = .839, p = .675 for average Complexity, F(22, 220) = .995, p = .813 for
average Perspectives, F(22, 220) = .464, p = .982 for average Inquiry, F(22, 220) =
1.044, p = .412 for average Skepticism, supporting the use of Wilk’s Lambda in
interpretation.
Review of interaction effects revealed no significance, F (16, 663.584) = 1.075, p
= .376, η2 = .019 for Knowledge and Values; F (16, 663.584) = .903, p = .565, η2 = .016
for Knowledge and Experience; F (12, 574.420) = .942, p = .367, η2 = .020 for Values
and Experience; F (20, 720.657) = .817, p = .695, η2 = .018 for Knowledge, Values, and
Experience. The main interaction for Knowledge was significant, F (8, 434) = 2.214, p =
.026, η2 = .039. Examination of between-subjects effects, using a more conservative
alpha of .05/4 for examination of four DVs was unable to identify a source of
significance.
MANOVA using newly identified factors. For this analysis I used the three
KVP Factors identified from the KVP measurement model construction in the SEM
section as IVs: Academic understanding of the issue, Awareness of controversy of issue,
and Value of others allocating resources to the issue. I used the same sample of responses
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as with the previous analysis.
These Box’s M statistic was also insignificant for the hypothesized KVP Factors,
F(140, 5990.609) = .815, p = .845, and Levene’s test supported the assumption of equal
variances, F(20, 222) = 1.401, p = .123 for average Complexity, F(20, 222) = .376, p =
.994 for average Perspectives, F(20, 222) = .833, p = .672 for average Inquiry, F(20, 222)
= .688, p = .837 for average Skepticism, allowing the use of Wilk’s Lambda for
interpretation.
Review of interaction effects revealed no significance, F (16, 669.694) = 1.155, p
= .300, η2 = .021 for Factors 1 and 2; F (12, 579.711) = .397, p = .965, η2 = .007 for
Factors 1 and 3; F (12, 579.711) = .347, p = .347, η2 = .020 for Factors 2 and 3; F (16,
669.694) = .947, p = .515, η2 = .017 for Factors 1, 2 and 3. The main interaction for
Factor 2, awareness of controversy of the issue, was significant, F (8, 438) = 2.991, p =
.003, η2 = .052. Between-subjects effects, using a more conservative alpha of .05/4 for
examination of four DVs, showed significance for levels of Factor 2 on the Perspectives
aspect, F (2, 222) = 5.520, p = .005, η2 = .047 and for the Skepticism aspect, F (2, 222) =
7.524, p = .001, η2 = .063. Pairwise comparisons showed significant differences for the
Perspectives aspect between low and mid levels (p = .002) and between the low and high
levels (p = .002). For the Skepticism aspect, significant differences were observed
between the low and mid levels (p < .001) and between the low and high levels (p = .001)
Table 5.36 presents the unadjusted and adjusted group means.
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Table 5.36
Unadjusted and adjusted group means for Factor 2 effects on Perspectives and
Skepticism aspects.
Perspectives
Skepticism
Adjusted
Unadjusted
Adjusted
Unadjusted
Low
1.014a
1.345
1.266a
1.172
a
a
Mid
1.618
1.449
1.685
1.472
High 1.764a
1.204
1.955a
1.430
a. Based on modified population marginal mean.
These results show that students with the greater awareness of controversy of the genetics
issue were more likely to demonstrate higher levels of Perspectives and Skepticism SSR.
Evaluation using demographics. As with the environmental topic, I screened the
demographic data to find correlations between demographic variables. Again, I found
that the characteristics of age and class (r = .634, p < .01), age and grade (r = .870, p <
.01), and class and grade (r = .745, p < .01) highly correlated. For utility I elected to only
include the class demographic in analysis, since researchers and teachers will be much
more equipped to make modifications at the class level than the level of age or grade
level.
I also I examined if any data needed to be transformed for this topic as well based
on low membership in some groups, as would be expected since most of the same
students took the assessment for both topics. As with the environmental topic, the Race
category consisted of very unequal sizes, with 177 students identifying as White and 34
identifying as another race. To make the categories more equal I collapsed the other races
into a single comparative category (White and non-White). I also transformed the typical
grades category, in which only five indicated they received “mostly D’s.” I included them
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in the “mostly C’s” category, which had 23. The class category had only 24 physical
science and 18 biology, so I grouped physical science and biology into an
“underclassman science” category.
Using the more conservative alpha of .05/4 (.0125), I detected a difference using
ANOVA between groups based on gender for Factor 1 (p = .001) and for Experience (p =
.001), and on typical grades for Values (p = .001). To assess these influences on SSR, I
conducted MANOVA on the three Factor multivariate analysis including gender as a
fixed factor and on the KVP analysis including gender and typical grades as fixed factors.
For the analysis using the three KVP Factors with gender, Box’s M was
nonsignificant, F(170, 6062.200) = 0.988, p = .528, suggesting the use of Wilk’s
Lambda. Multivariate tests showed an insignificant interaction effect of Factor 1 and
gender, F(8, 344) = .916, p = .503 and for gender itself, F(4, 172) = 0.282, p = .889.
For the analysis using the hypothesized KVP factors with gender and typical
grades, Box’s M was nonsignificant, F(120, 3394.860) = 0.745, p = .982, allowing for the
use of Wilk’s Lambda. Multivariate analysis showed an insignificant interaction between
Experience and gender, F(8, 250) = 1.020, p = .421 as well as for gender, F(4, 125) =
1.285, p = .279. However, a significant effect was detected between typical grades and
Values, F(16, 382.519) = 1.952, p = .015 and typical grades, F(8, 250) = 2.074, p = .039
itself, though significant interactions were not seen for typical grades with Experience
[F(8, 250) = .913, p = .506] or Knowledge [F(16, 382.519) = 1.537, p = .084]. The
interactions effects of Knowledge, Values, and typical grades [F(12, 331) = 1.039, p =
.412], as well as Knowledge, Values, Experience, and typical grades [F(4, 125) = 1.552,

154

p = .191] were insignificant, but the interaction of Values, Experience, and typical grades
was significant [F(8, 250) = 2.006, p = .046].
This analysis showed that an interaction of Values and Experience with typical
grades or Values and typical grades had a significant effect on SSR. Examination of
between-subjects effects, using an alpha of .0125, did not indicate a source of
significance for the Values and typical grades interaction but did indicate a significant
difference for the Complexity SSR aspect for the interaction of Values, Experience, and
typical grades [F(2, 203) = 4.980, p = .008]. Table 5.37 presents a summary of the
estimated means for these groupings.
Table 5.37
Estimated marginal means for Values, Experience, typical grades interaction on
Complexity SSR aspect for genetics topic
Values
.00

1.00

2.00

Experience typgrades Mean
.00
1.00
2.083a
2.00
1.250a
3.00
1.292a
1.00
1.00
2.625a
2.00
1.625a
3.00
1.750a
2.00
1.00
.b
2.00
.b
3.00
.b
.00
1.00
1.786a
2.00
2.050
3.00
1.833a
1.00
1.00
2.167a
2.00
1.690a
3.00
1.675a
2.00
1.00
1.889a
2.00
1.000a
3.00
.b
.00
1.00
1.817a
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95% Confidence Interval
Std. Error Lower Bound Upper Bound
.467
1.159
3.008
.412
.434
2.066
.420
.461
2.123
.583
1.471
3.779
.583
.471
2.779
.673
.418
3.082
.
.
.
.
.
.
.
.
.
.223
1.346
2.227
.245
1.565
2.535
.399
1.043
2.624
.301
1.571
2.763
.277
1.142
2.239
.398
.887
2.463
.485
.929
2.848
.550
-.088
2.088
.
.
.
.339
1.146
2.487

2.00
1.613a
.322
.975
2.251
3.00
2.000a
.952
.116
3.884
a
1.00
1.00
1.410
.288
.841
1.979
2.00
1.743a
.338
1.075
2.411
a
3.00
2.000
.673
.668
3.332
2.00
1.00
1.975a
.369
1.245
2.705
2.00
1.750a
.476
.808
2.692
b
3.00
.
.
.
.
Note. Bolded mean values indicate groupings that were found to be significantly
different.
a. Based on modified population marginal mean.
b. This level combination of factors is not observed, thus the corresponding population
marginal mean is not estimable.
These results showed that for students with the lowest scores of Values (0), their
Complexity levels were significantly different based on typical grades whether
Experience is low or mid (p < .001). Students with a mid score of Values and the lowest
score of Experience did not demonstrate significant differences in the mean Complexity
level (mostly As vs Bs p = .0717, mostly As vs Cs p = .828, mostly Bs vs Cs p = .293),
though those with a mid score of Values and mid or high scores of Experience did
demonstrate differences in the Complexity level based on typical grades (p < .001).
Students with the highest level of Values but lowest Experience did not show differences
in their mean Complexity level based on typical grades(p = .160 for mostly As vs Bs , p =
.399 for mostly As vs Cs , p = .0620 for mostly Bs vs Cs), though those with high Value
and some Experience did differ based on their typical grades (p = .024 for mostly As vs
Bs, p = .008 for mostly As vs Cs, p = .213 for mostly Bs vs Cs). The difference between
students who have both high Values and Experience was not significant based on typical
grades (p = .124)
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These results show that for students who scored lowest on Values and Experience,
higher typical grades were associated with higher levels of Complexity on the SSR
instrument. For students with higher levels of either Values or Experience, the effect of
typical grades was smaller in creating differences in mean levels of Complexity SSR.
Summaries for RQ 1 and 2
The sections above described two procedures I utilized to address RQs 1 and 2:
SEM and MANOVA. I initially conducted SEM to assess the influence of KVP on SSR,
but I encountered problems with the data structure that would not allow me to achieve an
interpretable result for the genetics topic. Thus, I revised the research questions to
approach the purpose of understanding the influence of KVP on SSR using MANOVA.
The overall sequence of these two tests is summarized in Figure 5.16 above. As
discussed, each test works with data in a different format and is guided by different
processes and assumptions. Thus, the results from both tests cannot be compared directly
but can collectively give an illustration of how KVP (as hypothesized and redefined by
the new KVP Factors) can contribute to the four SSR aspects.
In the SEM section, I described how Factor 2, Awareness of controversy of the
issue, was shown to contribute significantly to SSR for the environmental topic, but I was
unable to resolve problems with the multicollinearity of the model for the genetics topic.
The MANOVA analysis allowed me to assess how levels of SSR compared for different
levels of hypothesized KVP and the KVP factors. Unlike SEM, in the MANOVA
analysis I was comparing groups within single factors rather than looking at a
combination effect of KVP on SSR. My analyses using MANOVA suggested that for the
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hypothesized KVP components, higher Experience was associated with higher Inquiry
and Skepticism levels for the environmental topic, but I did not detect the existence of
significance for a hypothesized KVP component and SSR levels for the genetics topic.
For the KVP Factors, higher Academic understanding of the issue was associated with
higher levels of Complexity SSR for the environmental topic and with higher Skepticism
and Perspectives levels for the genetics topic. Additionally, for the genetics topic, typical
grades in science had an interaction effect with Values and Perspectives on the
Complexity SSR aspect, with lower Values and Perspectives and higher grades being
associated with higher Complexity levels, as well as higher Values and mid level
Perspectives and lower grades being associated with higher Complexity levels. The
meaning and implications of these results are discussed more in the next chapter.
RQ 3
RQ 3 is: When controlling for demographic background (age, gender, ethnicity,
school level, current enrolled class, and science grades), do high school students’ levels
of SSR (in the areas of Complexity, Perspectives, Inquiry, and Skepticism) differ in
responding to a genetic versus an environmental SSI?
Justification of MANCOVA
To answer RQ 3, I needed to see how student responses compared across groups
to see if students show different levels of SSR when working with different SSI topics,
and I needed to control for demographic characteristics of the students to isolate this
relationship. To perform this analysis, I used repeated-measures one-way MANCOVA.
MANOVA—as described in the previous section on RQs 1 and 2—allows investigation
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of the differences between multiple levels of IVs on multiple DVs (Tabachnick & Fidell,
2013). In my research associated with RQ 3, I needed to assess if a difference exists
between the different levels of the topic of the SSI (genetics or environmental) on the
levels of SSR for the four aspects (Complexity, Perspectives, Inquiry, and Skepticism).
Several variations to MANOVA exist, including using repeated measures and adding
controlled variables. Repeated measure evaluations are used when everyone is measured
twice (versus traditional MANOVA when the different levels of the IV consist of scores
from different individuals) (Verma, 2015). I used repeated measures because each student
was measured twice--once for each topic--and I was determining if those paired
responses differ, and repeated measure procedures are useful when subjects are tested for
the same DV under different experimental conditions (Verma, 2015). During
MANCOVA, the variation of MANOVA in which covariates (the “C” in MANCOVA)
are added as controlled variables, the influence of the controlled variables on the DVs is
assessed, then those effects are used to adjust the analysis so there is a truer
understanding of the relationship between the independent and DVs (Mertler & Vannatta,
2013). In my research associated with RQ 3, I was evaluating SSR aspect levels of
students, and I needed to account other factors outside of the levels of the IVs (topic of
SSI) that could have affected the measures of levels of the SSR aspects.
MANCOVA is limited in the types of data and data sets it can work with. DVs
should be continuous and IVs categorical, sample size must be large, and measurements
must be paired, allowing for no missing data (Verma, 2015). In my case, the DV was the
average SSR score for each SSR component, which ranged from 0-3, and can be
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considered continuous. I also paired responses by aligning responses individual students
gave for each topic using the name they provided in the survey forms for each topic set of
questions. Figure 5.18 depicts this analysis.

Figure 5.18. The repeated-measures MANCOVA will assess how student SSR compares
when the topic of the SSI is environmental or genetics, controlling for demographics.
Preparing the Data
Most of the students who participated in the study took both the environmental
and genetics portions, but some either did not have time to do both or consented to allow
their data to be used for one scenario and not for the other. I deleted these cases from
analysis, resulting in a total of 202 responses.
I screened the remaining data to determine if any data needed to be transformed.
The Race category consisted of very unequal sizes, with 148 students identifying as
White and 36 identifying as another race. To make the categories more equal, I collapsed
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the other races into a single comparative category. The Age category consisted of very
unequal sample sizes, with only two identifying as 14 and 11 as 18. I grouped the 14 and
15-year-olds into a category consisting of 63 and the 17 and 18-year olds into a single
category consisting of 62. The 16-year-olds remained in a category of 56. I also
transformed the typical grades category, in which only three indicated they received
“mostly D’s.” I included them in the “mostly C’s” category, which had 21. The class
category had only 10 physical science and eight biology, whereas there were 89 in
chemistry, 54 in physics, and 36 in anatomy. I grouped physical science and biology into
an “underclassman science” category. Note that the values for all of these categories do
not add up to the same number. This is because for each demographic question students
were allowed to select “Prefer not to answer,” and some students selected that response
for certain demographics but not all.
Following transformation, I checked for correlations between the variables and
found extremely high correlations between age and class (r = .676) and grade (r = .884).
Due to these high correlations, it made sense to eliminate two of the demographic
categories, I chose to retain the category of class since that is the most useful to teachers
in considering how the results may be translated to their own practice (e.g. it is easier to
think about how to treat a chemistry class differently from a physics class than about how
15 and 16 year old students may need different approaches to using an SSI).
I checked the new categories for multivariate normality by examining P and Q
plots, where a straight line indicates multivariate normality (Thode, 2002; Wilk &
Gnanadesikan, 1968). The Q-Q and P-P plots of the variables of each SSR component of
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each topic produced nearly straight lines, indicating the satisfied assumption of
multivariate normality (Thode, 2002; Wilk & Gnanadesikan, 1968).
I also checked these new categories for univariate normality. The N, mean,
standard deviation, skew, and kurtosis values of each category are listed in Tables 5.385.41. In the tables, the capital letter refers to the SSR category (Complexity, Perspectives,
Inquiry, and Skepticism) and the lowercase letter to the two topics (genetics and
environment).
Table 5.38
Descriptive statistics for gender demographic

Cg
Pg
Ig
Sg
Ce
Pe
Ie
Se

Mean
1.78
1.57
1.40
1.43
1.69
1.99
1.61
1.37

Male (N = 72)
SD
Skew
Kurtosis
1.04
-0.38
-1.140
1.06
-0.12
-1.169
.700
0.12
-.305
0.73
-0.20
-1.067
0.78
-0.45
0.07
0.98
-0.47
-0.94
0.59
0.04
-0.05
0.78
0.19
-1.04

Mean
1.67
1.23
1.35
1.47
1.71
1.91
1.50
1.06

Female (N = 122)
SD
Skew
Kurtosis
.93
-0.08
-0.95
0.98
0.24
-0.99
0.75
0.03
-0.71
0.67
0.03
-0.69
0.79
-0.40
-0.20
0.98
-0.31
-1.05
0.68
-0.01
-0.37
0.72
0.23
-0.71

Mean
1.69
1.37
1.37
1.49
1.73
1.96
1.54
1.22

White (N = 160)
SD
Skew
Kurtosis
0.99
-0.12
-1.16
1.02
0.13
-1.10
0.74
0.07
-0.59
0.70
-0.06
-0.88
0.78
-0.39
-0.16
0.95
-0.38
-0.93
0.64
-0.24
-0.22
0.73
0.19
-0.66

Table 5.39
Descriptive statistics for race demographic

Cg
Pg
Ig
Sg
Ce
Pe
Ie
Se

Mean
1.83
1.26
1.32
1.37
1.59
1.70
1.56
0.98

Non-white (N = 40)
SD
Skew
Kurtosis
0.90
-0.57
-0.29
1.01
0.18
-1.13
0.66
-0.09
-0.37
0.66
0.04
-0.64
0.82
-0.52
-0.20
1.14
-0.11
-1.45
0.67
-0.11
-0.12
0.86
0.62
-0.79
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Table 5.40
Descriptive statistics for typical grades demographic

Cg
Pg
Ig
Sg
Ce
Pe
Ie
Se

Mean
1.90
1.55
1.52
1.55
1.77
2.11
1.68
1.26

Mostly A’s (N = 83)
SD
Skew
Kurtosis
1.00
-0.48
-0.91
1.06
-0.09
-1.20
0.70
0.068
-0.25
0.69
-0.087
-0.55
0.75
-0.27
-0.31
0.90
-0.59
-0.63
0.61
-0.29
0.74
0.80
0.06
-0.85

Mean
1.63
1.23
1.31
1.46
1.67
1.88
1.50
1.16

Mostly B’s (N = 86)
SD
Skew Kurtosis
0.96
-0.07
-1.07
0.98
0.16
-1.05
0.74
0.06
-0.63
0.67
-0.13
-0.75
0.79
-0.47
0.01
1.02
-0.26
-1.18
0.67
0.22
-0.69
0.78
0.35
-0.67

Mostly C’s or D’s (N = 26)
Mean SD
Skew Kurtosis
1.44
0.85
-0.20
-1.05
1.25
0.98
0.36
-0.74
1.28
0.72
0.16
-0.75
1.22
0.80
0.37
-1.32
1.69
0.83
-0.79
0.35
1.58
0.99
0.07
-1.01
1.36
0.64
-0.31
-0.16
1.03
0.65
0.52
-0.74

Table 5.41
Descriptive statistics for class demographic
Underclassmen (N = 23)
Mean SD Skew Ku
Cg 1.22 1.13 0.37 1.40
Pg 1.24 1.09 0.46 1.03
Ig 1.33 0.74 0.17 0.69
Sg 1.17 0.69 0.07 1.25
Ce 1.96 0.69 0.39
0.63

Chemistry (N = 89)
Mean SD Skew Ku
1.65 0.91 0.09 0.83
1.26 1.03 0.20 1.15
1.23 0.69 0.07 0.83
1.40 0.64 0.03 0.79
1.59 0.79 0.32 0.22

Anatomy (N = 36)
Mean SD Skew Ku
1.90 0.95 0.33 1.21
1.74 0.92 0.43 0.52
1.42 0.82 0.05 0.51
1.53 0.69 0.01 0.57
1.85 0.81 0.43
0.71
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Physics (N = 54)
Mean SD Skew Ku
1.85 0.99 0.32 1.07
1.26 0.97 0.26 0.82
1.57 0.71 0.23 0.29
1.63 0.75 0.25 0.85
1.70 0.78 0.41 0.04

Pe

1.87

Ie

1.36

Se

1.02

1.05 0.30
0.56 0.03
0.71 0.09

1.72
1.23
1.47
0.47
1.09
1.44

1.07 0.16
0.60 0.37
0.76 0.52

2.29
1.27
1.54
0.19
1.35
0.45
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0.83 0.87
0.71 0.12
0.79 0.17

2.02
0.20
1.75
0.04
1.27
0.84

0.86 0.15
0.67 0.08
0.78 0.04

1.03
0.50
0.80

I evaluated the correlations between the variables, and they were significant,
although small. Moderate correlation indicates that multivariate analysis is appropriate
due to absence of multicollinearity or singularity (Verma, 2015). The correlations and
significance are indicated in Table 5.42.
Table 5.42
Correlations of averages for SSR aspects
caveg
paveg
iaveg
saveg
cavee
caveg
1
paveg .227** 1
iaveg
.376** .217** 1
saveg
.263** .203** .138
1
cavee
.175*
.072
.156*
.077
1
pavee
.137
.307** .235** .124
.278**
iavee
.063
.089
.305** .232** .258**
savee
.176*
.290** .146*
.229** .051
**. Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).

pavee

iavee

1
.260**
.226**

1
.247**

savee

1

Results of MANCOVA
Using these adjusted demographics, I conducted repeated-measures MANCOVA
to determine the effect of the topic of the SSI when controlling for the demographic
measures on the levels of SSR (consisting of Complexity, Perspectives, Inquiry, and
Skepticism). I conducted topic of SSI as the within subject factor and evaluated
demographics (gender, race, age, class, grade level, and typical grades in science) as the
between-subject factors. To account for missing data due to “prefer not to answer”
responses to some demographics, I excluded cases pairwise.
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A non-significant Box’s M statistic (M = 283.65, p = .190), which assesses
equality of covariance matrices, indicated that it was appropriate to use Wilk’s λ to
evaluate significance of effects. Analysis revealed significant multivariate differences in
the within-subjects effect for the topic of the issue (Wilk’s λ = .890, F(4, 145) = 4.49, p
= .002, multivariate η2 = .110) and the interaction effect of topic and class (Wilk’s λ =
.866, F(12, 383.93) = , p = .049, multivariate η2 = .047) and the interaction effect of
topic, typical grades, class, and race (Wilk’s λ = .847, F(12, 383.93) = 2.07, p = .018,
multivariate η2 = .054). Table 5.43 summarizes the within-subjects effect evaluations.
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Table 5.43
Mulitvariate test of within-subjects effects
Within Subjects Effect

Value

topic
.890**
topic * gender
.964
topic * typgrades
.969
topic * class
.866*
topic * race
.981
topic * gender * typgrades
.903
topic * gender * class
.918
topic * gender * race
.973
topic * typgrades * class
.811
topic * typgrades * race
.920
topic * class * race
.886
topic * gender * typgrades *
.898
class
topic * gender * typgrades *
.956
race
topic * gender * class * race
.965
topic * typgrades * class * race
.847*
topic * gender * typgrades *
.951
class * race
a
Exact statistic
b
Computed using alpha = .05
**Value is significant at the 0.01 level.
*Value is significant at the 0.05 level.

F
4.494a
1.355a
.578a
1.783
.720a
1.897a
1.057
1.004a
1.568
1.545a
1.492
.995

Hypothesis
df
4
4
8
12
4
8
12
4
20
8
12
16

.832a
1.310a
2.071
1.883a

145.0
145.0
290.0
383.9
145.0
290.0
383.9
145.0
481.9
290.0
383.9
443.6

Partial Eta
Squared
.110
.036
.016
.047
.019
.050
.028
.027
.051
.041
.039
.027

Observed
Powerb
.935
.415
.267
.826
.228
.792
.548
.311
.883
.686
.736
.527

8

290.0

.022

.386

4
12
4

145.0
383.9
145.0

.035
.054
.049

.402
.890
.559
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Error df

I evaluated univariate tests of the categories found to have significant values at
the p < .0125 to search for the location of significance. I divided the p < .05 value by four
since there were four categories (Complexity, Perspectives, Inquiry, and Skepticism); by
dividing the p threshold by the number of univariate tests the Type I error vulnerability is
reduced (Tabachnick & Fidell, 2013). These analyses indicated that topic had a
significant influence on the Perspectives [F(1, 7.04) = 10.51, p = .001, partial η2 = .066)]
and Skepticism [F(1, 2.74) = 7.54, p = .007, partial η2 = .048)] scores and that the
interactions of topic and class had a significant influence on the score for Complexity
[F(3, 3.13) = 5.15, p = .002, partial η2 = .095)]. I was unable to identify a specific
location of the difference for the topic, grades, class, race interaction when using the
more conservative alpha. Table 5.44 shows the univariate results.
Table 5.44
Post-hoc univariate analysis of MANCOVA
Source

Measure

Type III
Sum of
Squares
topic
Perspective
7.044
Skepticism
2.740
Complexity
.464
Inquiry
.799
topic *
Perspective
.897
class
Skepticism
1.692
Complexity
9.380
Inquiry
.273
topic *
Perspective
5.728
typgrades Skepticism
3.113
* class * Complexity
2.177
race
Inquiry
1.184
**.Value is significant at the 0.01 level.

df
1
1
1
1
3
3
3
3
3
3
3
3
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Mean
Square

F

7.044 10.511**
2.740 7.541**
.464 0.765
.799 2.259
.299 0.446
.564 1.552
.127 5.151**
.091 0.258
.909 2.849
.038 2.856
.726 1.196
.395 1.117

Partial
Eta
Squared
.066
.048
.005
.015
.009
.030
.095
.005
.055
.055
.024
.022

This analysis showed that the topic had a significant effect on Perspectives and
Skepticism and the topic*class interaction had a significant effect on Complexity scores.
Table 5.45 shows the adjusted means for the scores for these categories. The adjusted
means for the environmental topic produced significantly higher Perspectives and
Skepticism scores than for the genetics topic. When adjusting for topic and class, the
Complexity component of the genetics was significantly higher for underclassmen than
the environmental topic [t(44) = 15.95, p < .001), whereas students in the other three
grade levels scored higher in Complexity on the genetics than the environmental topic
[for Chemistry t(176) = 8.92, p < .001; for Anatomy t(70) = 2.67, p = .01; for Physics
t(106) = 4.63, p < .001].
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Table 5.45
Adjusted and unadjusted group means for topic and topic*class interaction
Complexity
Perspectives
Inquiry
Skepticism
Adjusted Unadjusted Adjusted Unadjusted Adjusted Unadjusted Adjusted Unadjusted

Topic
Genetics
1.644a
1.736
1.269a
1.356
1.418a
Environmental
1.747a
1.720
1.851a
1.970
1.546a
Class*topic
Underclass*genetics 0.934a
1.342
0.908a
1.316
1.280a
a
a
Underclass*enviro
2.120
1.947
1.795
2.053
1.456a
Chemistry*genetics 1.783
1.663
1.199
1.283
1.271
Chemistry*enviro
1.607
1.629
1.661
1.807
1.342
a
a
Physics*genetics
2.035
2.000
1.802
1.572
1.615a
Physics*enviro
1.910a
1.875
2.427a
2.328
1.815a
a
a
Anatomy*genetics
1.733
1.840
1.284
1.244
1.558a
Anatomy*enviro
1.574a
1.793
1.779a
1.980
1.679a
Note. Bolded text indicates groupings of means that are significantly different.
a. Based on modified population marginal mean.
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1.388
1.556

1.414a
1.064a

1.460
1.180

1.387
1.385
1.253
1.494
1.479
1.521
1.547
1.747

1.120a
0.987a
1.427
0.968
1.585a
1.463a
1.494a
1.000a

1.174
1.071
1.430
1.109
1.479
1.272
1.351
1.281

Conclusion
The results of the MANCOVA test showed that topic did have an influence on the
scores for two SSR components, Skepticism and Perspectives, with scores being
significantly higher for both in the environmental condition. The interaction of
topic*class also showed significant results for the Complexity score, with students in the
underclassman classes scoring higher for the environmental topic and students in the
other classes scoring higher for the genetics topic. Though the interaction of topic, class,
race, and typical grades was significant at the multivariate level, univariate post-hoc tests
were unable to identify a location of significance. Other demographic factors and
interaction effects did not show significant influence on individual SSR components. The
possible explanation for these findings will be further discussed in the Discussion of
Results chapter (Chapter 6).
Overall Conclusion of Results
In this chapter I presented the results of the statistical tests used to answer my
RQs and gave a brief explanation of the meaning of the results. My MANOVA and SEM
results showed that for both topics some differences in mean level of SSR for some of the
SSR aspects can be seen between groups with different levels of the hypothesized KVP
aspects or characteristics associated with the newly defined KVP Factors. The
MANCOVA analysis showed that the level of SSR displayed by the student when
confronted with an SSR of environmental and genetic topics differed depending both on
the topic of the issue and the interaction of the topic and the class. In the next chapter, I
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will discuss more fully what these results imply, how they fit with existing literature, and
what limitations exist to the analyses I have performed.
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CHAPTER 6: DISCUSSION OF RESULTS
The purpose of this study is to measure how high school students reason about
SSIs that are presented on environmental and genetic topics and to demonstrate to what
extent their level of reasoning is associated with their KVP, as well as to study if the level
of SSR differs for different SSI topics when controlling for demographic background,
which is defined by students’ age, grade level, race, gender, typical grades in science, and
current enrolled science class. The overall RQ is: How strongly are aspects of high school
students’ KVP with the issue and the topic of the issue itself related to the level of SSR
displayed by the student?
Three sub-questions guide this research:
•

RQ 1: To what extent can high school students’ SSR (in the areas of Complexity,
Perspectives, Inquiry, and Skepticism) be accounted for by their KVP with an
environmental issue?

•

RQ 2: To what extent can high school students’ SSR (in the areas of Complexity,
Perspectives, Inquiry, and Skepticism) be accounted for by their KVP with a
genetics issue?

•

RQ 3: When controlling for demographic background (age, gender, ethnicity,
school level, and science grades), do high school students’ levels of SSR (in the
areas of Complexity, Perspectives, Inquiry, and Skepticism) differ in responding
to a genetic versus an environmental SSI?

In the previous chapter, I outlined the statistical results that addressed these RQs. In this
chapter, I interpret those results considering the relevant literature and discuss how my
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findings add to the understanding of how students engage with SSIs. First, I review the
literature related to this work to position the study in the Positioning and Rationale for
Study section. Then, I explain the modifications to the KVP factor structure that evolved
from the measurement model development described in the previous chapter in the Factor
Structure of KVP Items section. Then, I discuss how my analysis in addressing RQs 1
and 2 clarify the KVP model theorized by Chang Rundgren and Rundgren (2010) in the
Interpretation of Results for RQs 1 and 2 section. In this section, I present the original
and revised research questions and discuss how the questions address the research
purpose. Then I discuss RQs 1 and 2 individually, including collective meaning of the
SEM and MANOVA results. In this section I include implications for each individual
question and limitations of the analyses used. I then discuss how the results compare and
what the comparison implies for teachers, teacher educators, and researchers. In the
Interpretation of Results of RQ 3 section, I discuss the meaning of the MANCOVA
results and some implications of the work and limitations associated with the analysis
discussed. In the Collective Meaning of Results section, I explain how the analysis
directed towards answering the three RQs fits within existing literature and forwards the
understanding of student work with SSIs. Finally, in the Conclusions, Limitations, and
Future work section, I describe how this work can collectively be of value to teachers,
teacher educators, and researchers, and I summarize the limitations of this study and
outline some steps for future work and ongoing validation.
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Positioning and Rationale of Study
SSIs are powerful teaching tools that support growth in scientific literacy (Fowler
et al., 2009; Han & Jeong, 2014; Lee et al., 2013; Zeidler, 2014), understanding of
science content (Klosterman & Sadler, 2010; Ottander & Ekborg, 2012), and
communication skills (Chang, Yoo, Kim, Lee, & Zeidler; Kahn & Zeidler, 2016; Raven
et al., 2016; Rudsberg, Öhman, & Östman, 2013). SSIs are also unique in that they can be
used to assist students in recognizing the role that moral reasoning plays in making
decisions about socioscientific problems (Zeidler & Keefer, 2003). This is the point
Sadler et al. (2007) made when they asked the question “What do students gain by
engaging in socioscientific inquiry?” and, in answering that question, detailed the
construct of SSR (composed of aspects of Complexity, Perspectives, Inquiry, and
Skepticism) that guided much research on SSIs in the past 10 years.
The research described in this dissertation was based on the SEE-SEP framework
(Chang Rundgren & Rundgren, 2010) and the concept of SSR (Sadler et al., 2007)
associated with that framework. The SEE-SEP framework posits that the approach
students take to reason about SSIs is grounded in their Knowledge, Values, and
Experience, which I have collectively referred to as KVP throughout this dissertation.
Though this framework provides theoretical basis for the connection between KVP and
SSR, empirical study of the relationship was lacking. Christenson et al. (2012) used
qualitative analysis based on student discussion of the reasoning they used when
presented with an SSI to conclude that students rely most heavily on their Values when
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engaging in SSR. However, patterns of reasoning and associations between elements of
the SEE-SEP framework (namely, KVP and SSR) requires a quantitative view to discern.
Additionally, I based my work on research by Romine et al. (2017) that assessed
SSR using the QuASSR to evaluate an SSI intervention. The QuASSR evaluated SSR on
two environmental topics and was used as a pre and post assessment to assess the SSI
intervention. This research provided a valuable way of assessing SSR using an OMC
format that aligned with the levels of the SSR rubric (Sadler et al., 2007) and allowed
easy detection of SSR that could be used to evaluate students or instruction. However,
this research only looked SSR topics dealing with the environment, though other SSIs
exist and are relevant to educators based on alignment with national science standards.
The purpose of my research was to add to these concepts by further detailing the
theoretical SEE-SEP framework using empirical data associated with two SSIs and to
link this theory with levels of SSR described by Sadler et al. (2007) and assessed by
Romine et al. (2017). In this final chapter, I present a collective narrative of the picture
painted by the analysis I have used and described in the past several chapters and
describe how my analysis refines understanding of both SSR and the SEE-SEP
framework. Additionally, I give attention to the validity of the results by presenting
alternative interpretations of my results and discussing a need for ongoing external
validation.
Factor Structure of KVP Items
Chang Rundgren & Rundgren (2010, p. 10) used a literature review to conclude
that “the three aspects of value, personal experiences and knowledge are influential
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important factors for individuals to argue about SSIs.” In their SEE-SEP framework, they
described how six subject-areas of SSIs (economy, environment, sociology/culture,
science, ethics/morality, and policy) could be thought of as rooted in these KVP of the
individual. As an instrument did not exist to evaluate KVP, in my study I developed
open-ended items with the purpose of assessing KVP. I developed these items to reflect
the different SEE-SEP subjects, as described in Chapter 4. Because this instrument had
never been used previously, I first conducted an EFA to identify the factors that were
being assessed by my instrument, and I further refined those results with a CFA through
the measurement model development of the KVP items during the SEM phase of my
research for RQs 1 and 2. As noted in the previous chapter, this step resulted in three
factors that defined the KVP components differently than I had originally intended (see
Table 5.14).
As seen in Table 5.14, the factor analyses resulted in some modifications for how
KVP were defined for the purpose of interpreting the results of this study. Factor 1
consisted of items from the science/ecology subject areas for Knowledge and Experience
and the economy/policy item for Experience. I collectively termed these items
“Academic understanding of the issue” as they related to the student’s knowledge of the
science of the issue (assessing the students’ own understanding of the science of the issue
for the science/ecology items and their willingness to devote their own resources to
learning more about the issue for the economy/policy item). Although the Experience
items could have been interpreted as experience leading to understanding of the
controversy of the issue, students responded to these questions with discussion almost
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exclusively of learning of science content in school. The items in Factor 2 collectively
assessed the Awareness of the controversy of the issue. Although this factor included
Knowledge, Values, and Experience items, it included all the sociology/ethics questions
in addition to the question about political or economic problems that could exist around
the issue (economy/policy question for Knowledge). Considering that the items in the
first factor (Academic understanding of the issue) all were answered with reflection on
academic understanding and the items in the third factor (Value of others devoting
resources) were all answered based on whether or not the students thought others should
spend time and money on the issue, it made sense that this economy/policy Knowledge
item would contribute to the factor that assessed awareness of controversy, particularly as
this item asked the student to imagine political or economic problems. The final factor
included the two Values items that asked students whether they felt that others (scientists
and governments) should devote resources to understanding or resolving the issue.
Interestingly, for these questions, students responded more in how these individuals could
devote diverse resources to finding solutions, whereas their responses for the question
asking if they would devote their own resources to the topic (Experience 2 in Factor 1 for
Academic understanding of the issue), they predominantly discussed just devoting time
or money to learning more about the science of issue, which helps explain why the items
appeared on different factors.
Table 6.1, below, compares the hypothesized KVP and KVP Factor structures. As
shown in the definitions listed in the table, there is some overlap between the
hypothesized KVP and KVP Factor structures. For instance, the Knowledge and
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Academic understanding factors both included items that assessed learning about the
science of the issue. However, the Academic understanding factor includes Experience
items because the Experience expressed by this population of students was almost purely
based on their learning in school. Most of the Knowledge items actually appeared in the
KVP Factor of Awareness of controversy, which included experience1 and values1 as
well. The hypothesized Values factor differed from the Value of others using resources
factor by excluding values1. This item appeared instead in the Awareness of controversy
factor, along with the other sociology/ethics items (experience1 and knowledge2).
Table 6.1
Comparison of hypothesized KVP and KVP Factor structures
Hypothesized KVP
Factor
Definition
Items
name
Knowledge Use of
knowledge1
scientific
knowledge2
evidence
knowledge3
Values
Use of
values1
affective
values2
domain
values3
Experience

KVP Factors (from CFA)
Factor name
Definition
Items
Academic
Use of school
understanding learning
Value of
others using
resources

Connection experience1 Awareness of
to daily
experience2 controversy
lives
experience3

knowledge1
experience2
experience3
Willingness to values2
have others
values3
devote
resources to
problem
Understanding knowledge2
of diverse
knowledge3
perspectives
experience1
values1

Collectively, this factor analysis result suggested that the delineation of the three
KVP factors cannot be assumed to be discrete. The work that has previously used these
factors has been qualitative, coding responses using the subjects and/or KVP aspects (e.g.
Christenson et al., 2012). Because these factors had not yet been submitted to a
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quantitative factor analysis, it is not altogether unsurprising that they may manifest
differently when used quantitatively. For instance, in Christenson et al.’s (2012) work,
they analyzed the coding distribution by calculating the degree to which each KVP factor
arose in conversations with Swedish high school equivalent students about the SSIs.
Across topics, they noted that the discussion of Experience was present the least, and
nearly absent with some SSI topics. In their qualitative work, this could be noted as a
result that suggested the absence of much Experience in constructing arguments about
SSIs, but in factor analysis, responses are grouped based on factors that do exist in the
data. Two of the Experience questions (experience2 on economy/policy and experience3
on science/ecology) grouped with the knowledge1 question because they collectively
represented, in the responses students gave in this study, their learning in school about the
topic. The remaining Experience question (experience1) grouped with the Values and
Knowledge questions about the sociology/ethics subject area in Factor 2, Awareness of
controversy.
This revised factor structure changed my consideration of how the KVP
characteristics of students could be associated with their level of SSR. With this new
factor structure, Knowledge, Values, and Experience could not be isolated to examine
their contribution to SSR. In practice with my data, the SEE-SEP subject areas, rather
than the KVP aspects, were more indicative of the items associated with Factors 1 and 2.
Factor 1 contained two science/ecology questions (knowledge1 and experience3) and one
question that was answered in the spirit of science/ecology (experience2). Factor 2
contained all the sociology/ethics questions as well as one economy/policy question
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(knowledge3). It is noteworthy that the economy/policy questions were the subject area
questions that failed to factor together; an economy/policy question appeared in each of
the three factors in the CFA analysis. Review of student responses to these questions
revealed a tendency of students to side-step discussion of economics or politics in detail,
particularly by exclusion of one or the other or focus on a small facet of economy or
policy, such as spending money or political disagreements. When individuals have less
knowledge about a topic they tend answer an approximation of the question that is more
relatable to themselves, such as how they feel about the issue or what they know about
that is related to the issue, though not necessarily to the question at hand (Nielsen 2011;
2012). Answering these types of questions about hypothetical issues to which students
may see little personal relevance may enhance this tendency to sidestep the question that
they aren’t sure how to answer (Herman et al., 2018; Korahan & Roehig, 2017; Lee et al.,
2012; Lee & Grace, 2012). It may be the case with the economy/policy questions students
answered the three questions with this subject area differently because of their lack of
exposure to information about economics or policy. As noted by Håkansson, Östman, and
Van Poeck (2018), students’ expression of political dimensions of SSIs may require more
scaffolding from the teacher to manifest. Further research that involves collecting data
more directly to assess understanding of these subject areas and their contribution to SSR
should be conducted to support this supposition, so the results discussed below should be
interpreted cautiously, with awareness that complete data to support the rationale for the
factor structure still needs to be collected. The work of Håkansson et al. (2018) provides
some suggestions for taking this approach.

181

To further explore the implications of this new factor structure and compare them
alongside the KVP components, I interpreted RQs 1 and 2 using both the KVP factors
and the new factors to assess the complete picture that this data may provide about how
characteristics of students could be associated with their level of SSR.
Interpretation of Results of RQs 1 and 2
As noted in the previous chapter, I was unable to achieve a theoretically sound
model using SEM that would be interpretable to answer my RQs for both topics, though I
did develop a model for interpretation of the environmental topic. One possible
explanation for this outcome could be that the SSR rubric (Sadler et al., 2007) and
QuASSR (Romine et al., 2017) were both developed for environmental topics, though
SSR has been referenced in other qualitative work using genetics SSIs. In any case, I was
unable to achieve a model through SEM that adhered to the theory for the genetics topic.
As discussed, this revision led to a need to revisit the RQs and alter their language to fit
the MANOVA technique. Here I elaborate on that decision, including a more
comprehensive comparison of the two techniques with discussion of how my revised
analysis still addresses the research purpose but cannot fully answer the original
articulation of the RQs. In this section, I first discuss the revision to the research
questions and position the revision within the research purpose. Then, I describe the
results for RQs 1 and 2 and provide some implications and future work suggested by
these individual results. I discuss the limitations of the analyses I used, and finally I
compare the results for RQs 1 and 2 and provide some implications suggested by the
compared results.
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Original and Revised RQs
The overall RQ for this dissertation is: How strongly are aspects of high school
students’ KVP with the issue and the topic of the issue itself related to the level of SSR
displayed by the student?
The original RQs 1 and 2 were: “To what extent can high school students’ SSR
(in the areas of Complexity, Perspectives, Inquiry, and Skepticism) be accounted for by
their KVP with an environmental/genetics issue?”. This question is suited to SEM, which
allows for the establishment of relationships between a set of DVs to a set of IVs
(Tabachnick & Fidell, 2013). SEM also allows the inclusion of latent variables,
unmeasured variables that are represented by a set of observed variables, and accounts for
measurement error by including error term estimates in the model (Tabachnick & Fidell,
2013).
The revised RQs 1 and 2 are: “Are there significant differences in levels of SSR
(in the aspects of Complexity, Perspectives, Inquiry, and Skepticism) for individuals with
different degrees of hypothesized KVP (Knowledge, Values, and Experiences) with the
issue of environmental preservation/genetic screening or for individuals with different
KVP Factors of Academic understanding of the issue, Awareness of controversy of the
issue, or Value of others using resources for the issue of environmental
preservation/genetic screening?”. This question is different from the original because it
implies a use of a technique that assesses the existence of differences in SSR based on
KVP and KVP Factors, whereas the original question allowed the examination of the
extent to which KVP contributed to SSR. In other words, MANOVA just tells whether or
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not a relationship exists, and SEM describes the degree of the relationship. MANOVA,
like SEM, allows for the use of data with multiple independent and DVs (hence the
multivariate) to detect the factors that influence DV scores (Mertler & Vannatta, 2013).
Unlike SEM, MANOVA does not include latent variables or error term estimates, thus
results using MANOVA may be less generalizable due to inability to account for these
elements.
Additionally, in addressing the revised question, I assessed for the existence of
differences in SSR levels based on the KVP Factors identified through the SEM
measurement model construction of KVP as well as the hypothesized KVP aspects. I
included this study in the revision because it allowed me to understand the existence of
differences in SSR based on the SEE-SEP framework as written as well as based on the
factors that emerged through my own analysis using the framework.
Revisiting the Research Purpose with Revised Questions
As noted above, the overall purpose guiding this study was to measure how high
school students reason about SSIs that are presented on environmental and genetic topics
and to demonstrate to what extent their level of reasoning could be attributed to their
KVP, as well as to study if the level of SSR is different for different SSI topics when
controlling for demographic background, which is defined by their age, grade level, race,
gender, typical grades in science, and current enrolled science class.
Answering the original RQs 1 and 2, approached using SEM, would have allowed
for the understanding of the differential contribution of the KVP elements to SSR. The
use of MANOVA in the revised RQs 1 and 2 still enabled assessment of contribution of

184

KVP elements to SSR, but only allowed for the detection of a difference in SSR based on
levels of KVP, converted to categorical variables. Thus, my revised analysis still
addressed the purpose of understanding the ways in which KVP may contribute to SSR,
but the information is less detailed for the genetics topic, for which I was unable to
produce a SEM, because of the inability to detect the degree of contribution of different
elements of KVP to the SSR aspects. Future work, as discussed below, will involve
collection of additional data to revisit the original RQs and provide additional clarity to
the relationships between these variables.
RQ 1
Unlike with RQ 2, I was able to achieve an interpretable model using SEM for the
environmental topic. In this section I will address the results of both SEM and MANOVA
analyses, followed by a collective summary of the meaning of these results. Previous
literature related to reasoning about environmental SSIs has shown that understanding of
science in general (Karahan & Roehig, 2017) and the issue specifically (Michalos, 2012;
Sakchewski et al., 2014), attitudes towards science (Xiao & Sandoval, 2017), personal
experience (Michalos, 2012; Topçu et al., 2011), social concerns (Topçu et al., 2011),
local relevance (Karahan & Roehig, 2017; Lee et al. 2012), attitudes (Michalos, 2012)
and emotion or affect (Gurevitz, 2000; Herman et al., 2018) related to the issue all
contribute to the types or levels of reasoning employed when discussing an SSI on an
environmental topic. My work contributes to this literature by examining several of these
aspects for a single population of high school students.
RQ 1 analysis using SEM. The SEM results using the KVP Factors showed
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significant contributions of all the factors on KVP and all the SSR aspects on SSR.
Additionally, the association between KVP Factors and SSR itself was large and
significant, standardized regression weight estimate = .645, p = .001. This result
suggested that when students engaged with the environmental SSR topic, an association
existed that related their level of the KVP Factors to their levels of SSR. Further
examination of indirect effects demonstrated this contribution of KVP Factors to be
largest to the SSR aspects of Perspectives and Inquiry and lowest for Skepticism and
Complexity and that Factor 2, Awareness of controversy, contributed significantly to
SSR whereas Factors 1 and 3 did not. Thus, the analysis overall suggested the strongest
association may be between Factor 2, Awareness of controversy, to the SSR aspects of
Perspectives and Inquiry.
Sadler et al. (2007) defined Inquiry as an awareness that:
SSI are ill-structured problems subject to ongoing investigation. SSI are situated
in the real world, and their underlying premises, conditions, and other potentially
significant information may not always be determined or known (p. 376).
According to their SSR rubric, students with higher levels of inquiry can “Suggest a plan
for inquiry focused on the collection of scientific AND social data,” and students at the
lowest level “Fail to recognize the need for inquiry” (p. 391). The authors defined
Perspectives as a measure of how well students understand that “well-meaning and
thoughtful individuals can adopt dissimilar but equally plausible solutions to SSI based
on differences in personal priorities, principles, and biases” (pp. 375-76). The association
between Awareness of controversy and Perspectives is logical; students who are more
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aware that the issue is controversial should be more likely to understand that equally
plausible approaches to resolving the issue may exist. Additionally, my results suggest
that understanding that the issue is potentially contentious could be associated with an
awareness that there is a need to understand the issue further through continued inquiry.
Previous research on SSR with environmental SSIs has not looked specifically at
awareness that the issue is controversial, but it has examined the influence of emotions
and moral stances on the types of arguments in which students engage when approaching
an SSI. Topçu et al. (2011) examined Turkish preservice teachers’ engagement with
several types of SSI and saw that overall students did consider personal experiences,
social considerations, moral-ethical considerations, and technological concerns as they
approached the SSI, but their patterns of reasoning were less emotive when working with
the issue on global warming than those about genetic problems (gene therapy and
cloning). In my research, students who are more aware of the controversy of the issue
were more demonstrative of understanding other perspectives and the need to continue
studying the issue. Given that other research (e.g. Karahan & Roehig, 2017; Levine Rose
& Barton, 2012) had shown that students who are committed to a path of resolution of the
SSI are reluctant to change their stance, those with a less emotional reasoning approach
may be better positioned to acknowledge the varying perspectives and the need to
continue to learn more about the issue.
Revised RQ 1 analysis using MANOVA. The revised RQ 1 is: “Are there
significant differences in levels of SSR (in the aspects of Complexity, Perspectives,
Inquiry, and Skepticism) for individuals with different degrees of KVP (Knowledge,

187

Values, and Experiences) or for individuals with different KVP Factors of Academic
understanding of the issue, Awareness of controversy of the issue, or Value of others
using resources for the issue of environmental preservation?”. Using MANOVA, I tested
for the existence of differences based on KVP level and KVP Factor level, then included
demographics to understand if they contributed to differences to SSR levels through
interaction with any of the hypothesized KVP elements or KVP Factors.
Examination of differences due to levels of hypothesized KVP aspects showed
that students with the “high” level of Experience demonstrated higher levels of Inquiry
and Skepticism than students with the lowest, but students with the highest level of
Experience demonstrated lower levels of the Complexity aspect than students with the
least experience. Analysis using the KVP Factors showed that for students with a higher
level of Factor 1, Academic understanding of the issue, had significantly higher levels of
Complexity SSR than students with the lowest understanding. This result is interesting in
light of the finding with the hypothesized KVP analysis showing that students with the
highest level of Experience demonstrated lower Complexity SSR.
In this research, I used the definition of Chang Rundgren and Rudngren of
Experience as the degree to which the issue is “connected to their daily life” (p. 12),
either through direct or indirect experiences. Reflecting on this definition within the SEESEP subject areas, I developed open-ended questions to assess Experience by asking
students to reflect on what they have seen to indicate that different views exist about the
issue (sociology/ethics), whether they would devote more of their own resources to the
issue (economy/policy), and what learning experiences they have had to help them
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understand the science of the issue (science/ecology). As mentioned above, students with
higher levels of Inquiry can “Suggest a plan for inquiry focused on the collection of
scientific AND social data,” and students at the lowest level “Fail to recognize the need
for inquiry” (Sadler et al., 2007, p. 391). Skepticism is defined by Sadler et al. (2007, p.
377) as awareness that “the ‘actors’ engaged in a SSI often possess vested interests, and
these biases can potentially affect the focus of their inquiries, the manner in which they
integrate scientific and social factors, evidence to which they attend, etc.”
Thus, my research showed that students who felt that the issue was more
connected to their daily lives, either through social or academic learning experiences,
were more likely to recognize the need for further inquiry into resolving the issue and
may be more prone to identify biases in arguments constructed by issue stakeholders.
However, what is interesting about these results is the negative association of Experience
and Complexity. These findings could be explained by the ability for students to believe
that there is a clear-cut solution to the problem—their solution—yet still feel that
alternative perspectives possess biases (high Skepticism) or that a particular stance, but
not both, warrants more investigation (high Inquiry). This result supports the conclusion
drawn by Oulton et al. (2004) that students need opportunities to relate controversial
topics to their own experiences to improve their approaches to working with the topics.
Other research supports the supposition that students who have a greater academic
understanding of the issue may be more likely to recognize the issue as complex
(Karahan & Roehig, 2017; Sadler & Zeidler, 2005a; Sakschewski, Eggert, Schneider, &
Bogeholz, 2014; Shea et al., 2015). Thus, the collective results suggest a need for a
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married approach of development of experiences and content knowledge to support
sophisticated, nuanced SSR.
The Complexity findings are intricate because the aspect appears in both analyses
(hypothesized KVP and KVP Factors) and is negatively associated with Experience but
positively associated with Academic understanding. Complexity, or awareness that “SSI
are complex, open-ended, potentially contentious” (Sadler et al., 2007, p. 374), refers to
the degree to which students recognize that simplistic solutions are insufficient to address
the entirety of the SSI. Students who demonstrate the highest levels of Complexity SSR
“Perceive the general complexity of the issue based on different stakeholder interests &
opinions” whereas those who demonstrate the lowest level “Offer a very simplistic or
illogical solution without considering multiple factors” (Sadler et al., 2007, p. 391).
Experience, as defined above, relates to the degree to which students feel the issue is
connected to them personally, either based on their social or academic experience. In
light of this definition, it is not illogical that those with higher Experience may show
lower levels of Complexity when reasoning about the problem. For instance, students
may have a lot of experience with the issue that supports the stance of one group.
Although they may recognize the existence of multiple perspectives (the sociology/ethics
question), it is not to say that they consider those multiple perspectives equally worthy of
inclusion in the conversation of finding a resolution to the issue. Thus, emotion,
unmeasured by this research, may cause unexpected associations. This finding is similar
to the conclusion drawn by Levine Rose and Barton (2012) that suggested that students
would utilize reasoning trajectories that enabled the construction of a sound argument
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that supported their original belief about how the issue should be approached. Han and
Jeong (2014) asserted that students should be challenged to explicitly consider their prior
thinking about an issue in order to preclude this type of reinforcing thinking pattern. This
supposition may be further supported when evaluating the opposite effect of Factor 1 on
the level of Complexity. Factor 1 consisted of two of the Experience questions, but not
the question of what the student had seen to indicate different stances exist about the
issue. I replaced this question following factor analysis by the Knowledge question
“Using words or pictures, explain the science behind environmental preservation.” Thus,
when the item asking about different perspectives is removed, and the factor assesses
only academic understanding of the issue, the connection becomes positive.
Previous research supports the suggestion that emotion may play this role in SSR.
Lee et al. (2012), in a study with preservice teachers in South Korea, noted that their
participants “often applied conflicting principles on the issue depending upon how the
outcome affects their personal sense of well-being or local communities” (p. 948).
Similarly, Lee and Grace (2012) concluded in comparative analysis of an SSI on the
avian flu for students in two different settings of Chinese schools that the local context
influences the way in which students will engage with the SSI. Likewise, Herman et al.
(2018) saw emotion represented to a high degree in their study of an environmental SSI
that was locally relevant, but Berglund and Gericke (2016) demonstrated that for a broadcontext SSI (sustainable development) the social component of the issue was considered
less important when presented alongside scientific information, though it was considered
important when presented in isolation from scientific fact related to the issue.
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Collective meaning of results for RQ 1. The two analyses (SEM and
MANOVA) together can provide a fairly detailed picture of how characteristics of
students’ funds of knowledge can explain their level of SSR. The SEM results show that
students’ KVP Factors, specifically as demonstrated by their Awareness of controversy,
contributed most substantially to their Inquiry and Perspectives SSR, and the MANOVA
results show that students who spoke to more Experience with the issue demonstrated
higher levels of Inquiry and Skepticism SSR and lower levels of Complexity, and those
with greater Academic understanding (Factor 1) showed higher levels of Complexity
SSR.
Because SEM and MANOVA are guided by different assumptions and work with
different types of variables, the absence of a side-by-side comparative congruence is not
unreasonable, but it does warrant explanation why the SEM analysis would show the
KVP Factors, particularly Factor 2, contributing strongest to Perspectives and Inquiry,
but the MANOVA shows that students with greater Academic understanding of the issue
(Factor 1) demonstrated higher levels of Complexity SSR. The SEM analysis allowed for
the comparative evaluation of KVP Factors and SSR aspects within a full model. When
the data is examined this way, it is shown that the greatest contribution of KVP Factors to
SSR is from the Awareness of controversy Factor to the Perspectives and Inquiry SSR
aspects. MANOVA, on the other hand, compares within Factor levels the differences of
levels of each of the SSR aspects. When viewed this way, the significance is seen for
levels of Factor 1 on the Complexity SSR aspect. Looking at the MANOVA results using
the hypothesized KVP components, the analysis suggested that students with the highest
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levels of Experience show higher levels of Inquiry and Skepticism and lower levels of
Complexity SSR. Collectively, these results support the supposition that characteristics of
students can be associated with their demonstrated level of SSR for an environmental
topic. As shown in the SEM, the greatest influence on SSR is students’ Awareness of
controversy of the issue. However, the MANOVA results show by isolating certain
aspects of KVP or student KVP Factors that higher levels of Experience or Academic
understanding of the issue can be associated with differences in demonstrated SSR for the
Inquiry, Skepticism, and Complexity aspects. These results offer unique implications for
teachers, as will be discussed at the end of this section on RQs 1 and 2.
RQ 2
The revised RQ 2 is: “Are there significant differences in levels of SSR (in the
aspects of Complexity, Perspectives, Inquiry, and Skepticism) for individuals with
different degrees of KVP (Knowledge, Values, and Experiences) with the issue of genetic
screening or for individuals with different KVP Factors of Academic understanding of
the issue, Awareness of controversy of the issue, or Value of others using resources?”. As
with the revised approach to RQ1, I used MANOVA to test for the existence of
differences based on hypothesized KVP level and KVP Factor levels, then included
demographics to understand if they contributed differences to SSR scores through
interaction with any of the hypothesized KVP elements or KVP Factors. Previous
research on genetics SSIs has shown morals (Sadler & Zeidler, 2005b; Topçu et al.,
2011), emotion (Sadler & Zeidler 2005b) understanding of the content of the issue
(Sadler & Zeidler, 2005a); context of the issue (Shea et al., 2015) all relate to the
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reasoning approach taken in negotiating the SSI. In my research, I included consideration
of understanding of content of the issue as well as other elements within the KVP Factors
and hypothesized KVP to add to this body of research.
Using the hypothesized KVP components, the MANOVA analysis did not locate
a significant effect of any of the KVP components specifically, though a significant main
effect for the Knowledge component was identified. This finding means that there did
appear to be an effect on SSR for different levels of Knowledge of the issue, but the
analysis was unable to determine the location of that significance within the four SSR
aspects. However, when examined using the demographics, the interaction of typical
grades, Experience, and Values were shown to associate with differences in the level of
Complexity SSR, with students with the lowest level of Values having significantly
higher Complexity SSR levels with higher grades, students with mid levels of Value and
mid-to-high Experience showing significantly higher Complexity SSR when they have
higher grades, but students with the highest Value and mid level Experience showing
lower Complexity SSR when they have higher grades. The SSR rubric (Sadler, et al.,
2007) describes high levels of Complexity as evidenced by the ability to “Perceive the
general complexity of the issue based on different stakeholder interests & opinions”
whereas those who demonstrate the lowest level of Complexity “Offer a very simplistic
or illogical solution without considering multiple factors” (p. 391). Chang Rundgren and
Rundgren (2010) defined Value as the hypothesized KVP aspect that is “related to
people’s affective domain” (p. 12) and is heavily influenced by sociocultural background,
and Experience is the aspect that describes the degree to which the issue is “connected to
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their daily life” (p. 12), either through direct or indirect experiences. These MANOVA
results showed that when students had low affective association with the issue and saw
limited relevance of the issue to their daily lives, those who had higher grades tended to
demonstrate higher levels of Complexity SSR than those with lower levels. This result
makes intuitive sense since the students who report that they have higher typical grades in
science would have a greater content knowledge basis than those who get lower grades,
and, in the absence of Values or Experience to influence their reasoning, higher academic
understanding would provide a background to allow for greater demonstration of
Complexity SSR (Karahan & Roehig, 2017; Sadler & Zeidler, 2005a; Sakchewski,
Eggert, Schneider, & Bogeholz, 2014; Shea et al., 2015). However, my results also
suggested that Experience and Values may make up for content knowledge deficiencies
in levels of Complexity SSR. Rundgren et al. (2016) demonstrated that having a value
connection to the SSI topic could be instrumental in enabling students to construct
decisions about an SSI, and Ozturk and Yilmaz-Tüzün (2017) showed that having a value
connection to the issue helped student achieve more sophisticated reasoning. My results
supported this research by showing that Values could be associated with the ability for
students to recognize the Complexity of the genetics SSI, particularly for students who
lacked strong content knowledge (as demonstrated by lower typical grades in science).
Using the KVP Factors, my MANOVA results showed that the Perspectives and
Skepticism aspects were significantly different depending on the level of Factor 2,
Awareness of controversy of the issue, of the student. Students who exhibited higher
levels of SSR in the Skepticism aspect were aware that stakeholders do hold different
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positions, which may be attributed to “desire to avoid blame” or “conflicting interests”
(Sadler et al., 2007, p. 382). However, this rubric does not distinguish if students
understand bias as a factor for all stakeholders, just that stakeholders possess biases.
Indeed, Karahan and Roehig (2017) found that students exhibited Skepticism by
discussing that they recognized that science could be biased, but in their arguments, they
still trusted the information from scientists above other sources and failed to recognize
how data could be biased. Sadler et al. (2007) described Perspectives as a measure of
how well students understand that “well-meaning and thoughtful individuals can adopt
dissimilar but equally plausible solutions to SSI based on differences in personal
priorities, principles, and biases” (pp. 375-76). My results that showed that students with
higher Awareness of the controversy demonstrated both higher levels of Perspectives and
Skepticism for the genetic screening topic, suggesting that students who were more aware
of how the issue is controversial were more demonstrative that multiple perspectives may
exist and that those perspectives may be influenced by biases in the facts stakeholders
may present to support their stances.
Factor 2, Awareness of controversy, includes items from the each of the KVP
aspects that assess the degree to which students express understanding that people may
understand the issue differently, have different opinions or views of the issue, and see
political or economic problems associated with the issue. This KVP Factor also includes
all three of the sociology/ethics items, indicating that it is largely reflective of the KVP
students have that is associated with the socio-ethical aspects of the issue of genetic
screening. The result that showed this KVP Factor contributing to SSR aspects of
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Skepticism and Perspectives aligns well with the previous research that points to
contributions of both knowledge of the issue and social concerns associated with the
issue as influential on SSR. Several researchers (e.g. Sadler & Zeidler 2005a; 2005b;
Shea et al., 2015) suggested that understanding of the content of the issue influences the
reasoning adopted. However, these results are not to suggest that students with limited
content knowledge specific to the issue are incapable of SSR. Shea et al. (2015) showed
that the positioning of the issue within a social context was a greater factor than academic
understanding for students who had limited content knowledge with the issue, so it may
be that students who understand the topic well use that knowledge most significantly in
their reasoning, and students who do not understand the science of it very well will rely
largely on the social considerations. Topçu et al. (2010) supported this supposition in
their finding that large-scale pattern evaluation suggested similarities in reasoning among
groups of individuals across contexts, but individual responses showed that reasoning
was less consistent, particularly with issues that students may have more difficulty
understanding (cloning, in the case of their work). In the population studied for my
research, it was to be expected that the content knowledge is relatively low (compared to
Shea et al, who compared university genetics majors early or late in their program),
suggesting the higher contribution of the social aspects of this factor to KVP and, by
extension, SSR.
Implications and Future Research
Environmental topic. The results of these analyses showed that Awareness that
the issue is controversial, Academic understanding of the issue, and Experience with the
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issue all contributed in some ways to SSR. As noted above, previous literature suggested
that the key in how these elements contributed may lie in the local relevance of the issue
and connections students may feel to the issue, a question that needs further explanation
through continued research that models the associations of hypothesized KVP and KVP
Factors and SSR on locally relevant compared to less tangible and relatable concepts.
Particularly as research is conflicted in the role of Experience in contributing to
approaches students take developing arguments about SSIs, some suggesting that it has
little influence (e.g. Christenson et al., 2012; Rundgren et al., 2016) and others that it is
significant in framing approaches students take (e.g. Lee, 2012; Lee & Witz, 2012), it
may be worthwhile to explore these relationships in more diverse populations that would
be expected to have different degrees of Experience with the issue, especially considering
that Experience influenced three SSR aspects—Skepticism, Inquiry, and Perspectives—in
this analysis. In the research cited above that identified little mention of Experience,
students who were interviewed comprised the same population, but the work of Lee
(2012) and Lee and Witz (2012) compared students with different backgrounds.
Additionally, the possibilities for other characteristics of students, such as emotion
associated with the issue, contributing to SSR was discussed theoretically above, and is
supported by research such as that of Levine Rose and Barton (2012), but warrants
empirical testing to refine the associations described by my research.
For teachers, this work suggests some possible areas of emphasis and guidance
when considering using an environmental SSI. Both analyses suggested an association
between KVP and KVP Factors and SSR, highlighting the need to activate and include

198

student KVP and KVP Factors in discussion of how the SSI is approached. The curious
result that Complexity was negatively associated with Experience in the MANOVA but
positively associated with Academic understanding of the issue points to the question of
different stances as the source of difference between the Experience and Academic
understanding being associated with opposite effect. Thus, teachers may be advised to
create learning experiences in which students engage more purposefully with diverse
perspectives in order to highlight the complexity of the issue through awareness that no
single solution is ideal. For instance, Han and Jeong (2014) suggested utilizing
instruction in which students are explicitly asked to reconsider their initial thinking about
the issue.
Genetics topic. The results of the MANOVA analysis on the genetic screening
topic showed an interaction effect on the Complexity SSR level that demonstrated that
content knowledge, as represented by typical grades in science, could support higher
levels of Complexity SSR in the absence of high Value or Experience for the issue,
though this association is less clear for higher levels of Value or Experience. This result
suggests that providing students who tend to achieve lower grades in their science classes
with experiences associated with the issue or igniting value for the issue may help to
compensate for the lower academic understanding of the issue, at least in regard to
supporting Complexity SSR. Shea et al. (2015) noted that students who have more
limited content expertise with a genetics topic will rely on situational features to inform
their reasoning, so providing learning experiences that enable students to situate the issue
within a meaningful context may help compensate for limitations in depth of
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understanding of the content of the issue in supporting higher levels of Complexity SSR.
Rundgren et al. (2016) also concluded that the value students ascribe to the issue played a
significant role in their ability to decide on resolutions to the issue.
Additionally, the results show that students who have greater awareness that the
issue is controversial demonstrate higher levels of Skepticism and Perspectives SSR. This
result suggests that supporting students to understand that issues are controversial will
help them develop awareness of the existence of multiple perspectives as well as that
those multiple perspectives may be influenced by biased information. Papadouris (2012)
used a reasoning strategy intervention that supported students in evaluating the strengths
and weaknesses of arguments and saw that students who used that reasoning strategy
more effectively were more able to construct valid arguments with fewer reasoning flaws.
By having students examine the merits and flaws in all stances, students will necessarily
be exposed to the existence of controversy and would need to examine multiple
perspectives and the biases by which those perspectives may be biased.
Because my analysis was unable to include the SEM results, additional research
involving the collection of more data or revisiting of instruments used to assess KVP and
KVP Factors or SSR needs to be conducted to provide a greater understanding of the
association between KVP or KVP Factors and SSR and to compare these results with
those of the environmental topic.
Limitations of Analysis
Several limitations to the methods and analysis of this aspect of my research do
exist. SEM is a confirmatory analysis used to check the fit of data to an existing theory
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(Tabachnick & Fidell, 2013), in this case, the SEE-SEP framework that postulates an
association between KVP and SSR. Other factors that influence SSR, such as those
postulated in the previous sections, cannot be confirmed with the model used in this
study. The model developed through this research also required error term correlation to
achieve a fit for the genetics topic. The inclusion of error term correlation may be
justified, as discussed in Chapter 5, but correlated error terms could just be an indication
of sampling error and should be interpreted cautiously when considering the
generalization of assumptions to other populations (Hermida, 2015).
This study also relies on the ACSSR (consisting of KVP and SSR items) for data
collection. I developed the KVP items as open response, which allowed for more
flexibility in student answers, but it also exposed the possibility that students did not give
true representations of their KVP in their responses due to unwillingness to write a long
response. Future research should explore these questions using Likert scale KVP items,
like those developed by Michalos et al. (2011) to measure Knowledge, Attitudes, and
Behaviors, to test the suitability of the different formats for testing the KVP-SSR
association.
As discussed above, the substitution of MANOVA for SEM for the genetics topic
reduces the generalizability of the work by excluding latent variables and error term
estimation. It also limits the results to detection of an effect of KVP on SSR but does not
provide information about the extent of that influence.
How Results Compared by Topic
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A major purpose of this research was to understand differences in student SSR as
they related to the topic of the SSI. Thus, it is worth examining the results for both topics
in comparison for the purpose of understanding in what ways they differ and postulating
the probable causes for these differences based on data and literature. More on this
question will be discussed below, in the discussion of results of RQ2.
The SEE-SEP framework posits that students’ SSR will be rooted in their KVP
but does not give much attention to if the relationship may differ depending on the topic
of the SSI. Using the MANOVA analysis, I identified some differences between the two
topics that could be worth considering when constructing lessons or SSI interventions.
The results for the environmental topic showed that students with higher levels of
Experience had higher levels of Inquiry and Skepticism and lower levels of Complexity
SSR, and those with higher levels of Factor 1 (Academic understanding) showed higher
levels of Complexity SSR. The MANOVA results for the genetics topic showed that
higher typical grades in science were associated with higher levels of Complexity SSR
for students with little or no Value or Experience for the issue and that students with
greater levels of Factor 2, Awareness of controversy, had higher levels of Skepticism and
Perspectives SSR.
The results for both topics showed that hypothesized KVP and KVP Factors
influenced the Complexity SSR aspect in some unexpected ways. For the environmental
topic, students with more Experience had a lower level of Complexity awareness, and for
the genetics topic the students with the highest Value for the issue and mid-level
Experience had lower Complexity SSR when they had higher grades. According to the
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SSR rubric (Sadler et al., 2007), students with higher Complexity levels may think the
issue is complex because of lack of information available (Level 2) or see the issue as
complex due to different interests of the relevant stakeholders (Level 3). Students with
the lowest level of Complexity will “offer a very simplistic or illogical solution without
considering multiple factors” and those with a Level 1 designation may weigh the sides
of the issues but see the issue as being resolved with an optimal solution. The rubric for
Experience that I used to interpret this analysis, in Table 5.29, designates students who
can describe experiences with the issue specifically as “high”. As discussed above, this
designation of Experience did not require that students have experiences that expose them
to the need to understand the issue as complex. If students had many experiences that
support their initial stance, they may be less likely to see the issue as complex despite
being able to speak specifically of their experiences. Several researchers (Chang & Chiu;
Karahan & Roehig, 2017; Lee et al., 2012; Levene Rose & Barton, 2012; Nielsen, 2011;
2012) have also noted that students will reason in ways that support their initial views.
Thus, it is possible that students who held strong initial views, rather than those who have
little experience, were more susceptible to see the issue as one-sided. Indeed, for the
environmental topic, when the Experience question about controversy was relocated to
Factor 2 and replaced by a Knowledge question (comprising Factor 1), the contribution to
Complexity was significantly positive. For the genetics topic, students who had higher
knowledge of the issue, as measured by their self-reported typical grades, had higher
Complexity scores when they had less Experience, but those with more Experience had
lower Complexity scores when their grades were higher.
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Factor 2, Awareness of controversy of the issue, was only significant in the
genetics topic MANOVA analysis, positively and significantly associated with
Skepticism and Perspectives levels, but the SEM analysis for the environmental topic did
demonstrate this Factor to be significant in influencing SSR (which was most strongly
comprised of the Perspectives and Inquiry aspects). Research has not looked specifically
at how understanding the existence of controversy about an issue could be associated
with SSR, though several researchers (e.g. Lee & Grace, 2012; Lee et al., 2012; Herman
et al., 2018; Ozturk & Yilmaz-Tüzün, 2017) have indicated that the local relevance of the
issue, rather than the topic, may be the factor that influences SSR. It may be that students
who were more aware that the issue is controversial saw more local relevance of the issue
and were thus able to engage in SSR at higher levels, though the data collected in this
study were insufficient to make this claim with confidence. It is also possible that
awareness that the issue is controversial could, as discussed above, still be co-opted to
support an initial stance. Karahan & Roehig (2017), who studied reasoning about an
environmental SSI, found that students did demonstrate the four SSR aspects but with
flaws that affected the overall reasoning quality. They noted that students demonstrated
Skepticism, but the skepticism was reduced for the claims of scientists that were based on
their data, which the students did not see as potentially biased. Students demonstrated
Inquiry as the need to collect more data, but still felt that their conclusions were set and
would not change with more information. Students considered multiple Perspectives, but
largely stuck to the same stance. Because my results cannot determine if students are
making these types of reasoning flaws, future work needs to be done to explore the way
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in which Factor 2 contributes to SSR, for instance through qualitative analysis of
students’ talk during SSI negotiation that requires attention to the controversy of the
issue.
The MANOVA results for both topics indicated some influences on the
Skepticism aspect, but the influences differed by topic, with Experience being associated
with higher levels of Skepticism for the environmental topic and Awareness of
controversy for the genetics topic. As noted in the discussion above, the Skepticism
rubric indicates awareness of bias but does not discriminate, especially at lower levels,
acknowledgement of bias for all perspectives. Considering the other findings discussed
above, demonstrating the effects of Experience on the Complexity score, it may be
supposed that this reasoning flaw would be more manifest in the environmental topic,
which is positively associated with Experience and supports the Karahan & Roehig
(2017) results discussed above. However, my research did not include a direct measure of
how students felt about the different stances of the issue. Given the findings for
Complexity SSR for the genetics topic, it may be that these students were also prone to
these types of errors but, due to less Experience with the genetics issue, the source of the
bias in reasoning differed. The effects on Skepticism thus need further investigation to
more adequately compare the quality of their differences between the topics.
Additionally, Factor 3, Value of others devoting resources, was not seen to be
significant in SSR levels for either topic. This result is interesting given that previous
research supports that values have the strongest influence on the ways in which students
engage with SSIs. Chang Rundgren and Rundgren (2010) explain that individuals “tend
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to make decisions about SSIs based upon their own values…especially in some SSIs, in
which there is no obvious evidence to prove the harmlessness or harm” (p. 3). The
authors also note that Values may include attitudes students have towards science, which
Xiao and Sandoval (2017) have seen as influential in the approach to reasoning students
take when negotiating an SSI on alternative energy, with students with more positive
attitudes towards science attending more to scientific facts of the issue. However, as
noted above, students may rely more on how the issue affects them personally when they
consider developing solutions to SSIs. The question of whether scientists or governments
should devote more time, money, or resources to understand the issue may be too
removed from the students’ personal lives to be much of a concern, so students with
middling Value of the issue may indicate that others should devote resources simply
because the students do not see a direct effect on themselves if they do so. The questions
that are more personal appeared in Factors 1 and 2 and, as noted above, were significant
in one or both topics.
Implications of Comparison of Results for Research and Teaching
The results for both topics examined together present some exciting opportunities
for research and teaching. For researchers, the conclusions overall could be better
supported by qualitative assessment of how students reason in classrooms that discuss the
two SSIs, particularly the way in which they are challenged to think about the
controversy of the issue. This exploration could be useful to investigate some of the
tentative conclusions presented in the sections above. Think-alouds in which students talk
about their ideas and from where they arise could lend significantly to this research.
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Additionally, these results can advise teachers that students are likely to hold to their
initial perspective despite other evidence they see, so it is important to focus on the need
to critique their view. This could be reflected in discussion of why it is worth further
investigating all perspectives and in activities in which students are challenged to
investigate the biased positions that lead to data that supports their perspectives.
Interpretation of Results of RQ 3
RQ 3 is: When controlling for demographics (gender, race, science class, and
science grades), do high school students’ levels of SSR (in the areas of Inquiry,
Complexity, Perspectives, and Skepticism) differ in responding to a genetic versus an
environmental SSI? Answering this question is important to help understand if students
reason at different levels for SSIs of different topics—environmental and genetics.
Previous research has suggested that these differences may exist between reasoning about
SSIs of different topics in the factors that influence reasoning (Topçu et al., 2011), the
degree to which moral principles are applied (Lee et al., 2012; Topçu et al., 2011), and
the quality of argument construction (Topçu et al., 2010). However, a side-by-side
comparison of SSR for two unique topics has yet to appear. Answering this question can
help teachers think about how they approach SSIs in different units and help researchers
to understand the limits or generalizability of their SSR research.
Results of MANCOVA
The results of the MANCOVA showed that students differed in their level of
Perspectives and Skepticism SSR aspects depending on the topic of the issue, with
students showing higher levels of Perspectives SSR for the environmental topic and
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higher levels of Skepticism SSR for the genetics topic. In Sadler et. al’s (2007, p. 380)
SSR rubric, a score of “1” for Perspectives means that the student “assesses the issue
from a single perspective,” whereas a “2” means the student “can examine a unique
perspective when asked to do so.” These results showed that when faced with the
genetics issue students were likely to think about the way the issue should be resolved
using support from one stance, but students considering the environmental issue were
more likely to consider that alternative perspectives exist when given a prompt to think
about the other stance. The Skepticism scores were both nearly “1,” meaning that
students recognized that stakeholders are likely to view the issue differently but tended to
contribute those differing views to possession of different information rather than
different values or desired outcomes. Students did score higher on the genetics topic,
meaning their SSR level was developing towards the ability to describe the different
stances stakeholders have and recognize that some desire related to their position
influences their stance.
Topçu et al. (2011) found that students’ reasoning was less emotive when
associated with an environmental topic (global warming) than a genetics one (gene
therapy or cloning). My MANCOVA results on the Perspectives SSR aspect suggested
that students were more prone to consider alternative perspectives with the environmental
topic, which could be explained by a stronger emotional tie towards a particular decision
with the genetics topic. Though this supposition is supported by work such as that by
Topçu et al. (2011) and Levene Rose and Barton (2012), I do not have the data in this
research to do more than conjecture at this explanation. Ascribing a reason for the
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Skepticism outcome, that scores were significantly higher for the genetics topic than the
environmental topic, is more difficult given that both scores were near a level 1.
However, the genetics result demonstrated more development towards higher
sophistication. One possible explanation is that this result is again tied to a more
emotional connection with the genetics issue. Lee et al. (2012) noted that students “often
applied conflicting principles on the issue depending on how the outcome affects their
personal sense of well-being or communities” (p. 948). In the case of these results, it may
be that students were more willing to express Skepticism about stances that disagreed
with their own but lacked the emotional impetus to think critically about biases in the
environmental issue, about which they felt less strongly. Again, my research does not
contain data that would support or refute this hypothesis, so this explanation is tentative
given the pattern of the data and the findings of previous research.
Additionally, the MANCOVA analysis revealed that the class level did contribute
to the level at which students engaged in SSR about the Complexity of the issue. Students
in the underclassman classes (biology and physical science) on average scored below “1”
for the genetics topic and above “2” for the environmental topic, whereas students in
upperclass grades (chemistry, physics, and anatomy) all scored closer to “2” for the
genetics topic than for the environmental. A score of “1,” according to Sadler et al.
(2007, p. 380) means that the student “considers pros and cons but ultimately fames the
issue as being relatively simple with a single solution” and a “2” means the student
“construes the issue as relatively complex primarily because of lack of information.”
Thus, my results suggest that the students in physical science or biology were better able
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to understand the Complexity of an environmental than a genetics issue and that students
in chemistry, anatomy, or physics have a higher level of awareness of the Complexity of
the genetics issue rather than the environmental. This outcome may be attributed to the
fact that students in the upperclass grades have all completed biology, the class in which
they would have learned about genetics in more depth, as required by the state and
national standards. Also, students in Physics had an overall greater awareness of
Complexity than those in Anatomy or Chemistry, the latter which scored nearly equally
for both topics. Many schools encourage students they identify as top-performing to take
Physics as their senior science, so the population composition of this class may explain
the differences in scores for this aspect.
Implications of MANCOVA Results for Teachers and Researchers
The MANCOVA test demonstrated that students may think differently about SSIs
of different topics, as reflected in the level of SSR on the four components of
Complexity, Perspectives, Inquiry, and Skepticism. These results suggested that the level
of SSR did differ depending on the topic, with students scoring differently in the
Perspectives and Skepticism aspects for the two topics and students scoring differently on
the Complexity aspect depending on both the topic and the class they were in.
The SSR aspect of Perspectives defines the ability to understand that individual
parties considering SSIs may adopt “dissimilar but equally plausible solutions to [the]
SSI based on differences in personal priorities, principles, and biases” (Sadler et all,
2007, p. 375-76). My research suggested that students better understood this contentious
nature of the environmental than the genetics SSI. Because the students included in this
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study were not taught about the unique sociocultural aspect of controversial SSIs, this
result implies that high school students were already approaching understanding of the
role biases played in how individuals approach environmental topics but needed
additional support in recognizing the role of these biases in genetic controversies.
Teachers who are interested in introducing SSIs to their science classrooms would thus
be advised to focus explicitly on this aspect of SSR, particularly when discussing genetics
issues. Teachers using an environmental SSI may be better equipped to capitalize on prior
reasoning that students may have about the role of Perspectives in introducing other
aspects of SSR.
Skepticism is defined by Sadler et al. (2007, p. 377) as recognition that “[t]he
‘actors’ engaged in a SSI often possess vested interests, and these biases can potentially
affect the focus of their inquiries, the manner in which they integrate scientific and social
factors, evidence to which they attend, etc.” Skepticism differs from Perspectives in that
Skepticism is more focused on the methods used by individuals as they approach an issue
rather than the presence of different views that exist about a topic. In both cases, the
scores indicated that students tended to “ascribe differences in stakeholder positions to
differences in information” (level 1, Sadler et al., 2007, p. 382), but the genetics topic
yielded mean scores that were moving more towards the understanding that stakeholders
would hold different views due to different desired outcomes (level 2). This result
suggests that students were more inclined to question the process used to arrive at
conclusions when encountering a genetics topic, whereas they may have tended to think
individuals arrive at different conclusions about an environmental topic because they just
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look at it in different ways. As noted above, students in this study demonstrated a
stronger awareness of Perspectives with the environmental topic, so it may be fruitful to
use a discussion of Perspectives as an entryway for learning about Skepticism for the
environmental topic and to do the reverse for the genetics topic.
Complexity refers to the property of SSIs to be “open-ended, potentially
contentious…[and that] lack simple and straightforward solutions” (Sadler et al., 2007, p.
374). In these results, students in physical science or biology were more likely to think of
the genetics data simplistically than the environmental, whereas the opposite was the case
for students in higher grades. This result may make sense simply because the survey was
given early in the school year and students in younger grades do not learn about the
potential of genetic engineering until later in the year when they take biology. Students in
upper grades, having already been introduced to the potential of genetic science, were
more likely to have an appreciation for the complexity of the issue.
As mentioned in the previous section, I was able to use this data and
complementary research from others to present possible explanations for the collective
meaning of these results. However, I did not in this study collect data that would affirm
or refute these ideas. Additional research must be done to lend greater support to these
conclusions.
Limitations
For conclusions drawn using repeated-measures MANCOVA to be valid, the
scores must be independent of one another (Verma, 2015), meaning, in this case, that
responses to the set of environmental questions should not influence responses to the set
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of genetics questions. Other studies on which this work is based (Romine et al., 2017 and
Christenson et al., 2012), used different timed measure of SSR to establish independence
of scores. However, for my study, I was unable to give the genetics and environmental
instruments at different dates; teachers who offered to participate in the study were
willing to give me one day to administer the surveys but asked that I do them both in one
day rather than disrupting their class schedule on two separate occasions. Thus, I
established independence of results by randomizing at the class level which instrument
students received first. This step equalized the before/after effect that could exist in the
presentation of the findings for either topic.
This analysis assumed that the controlled variables used were reliable. This
assertion is stronger for demographic variables such as level of science and gender, as
used in this study, than psychometric properties that are more difficult to assess
reliability. In this work the variable of current level in science can be considered reliable
because it was unlikely that students would be incorrect about which class they were in,
but the reliability of self-reported typical grades in science is bit more tenuous, as
students may misjudge their typical performance or not want to report that they often
make low grades.
Collective Meaning of Results
The SEE-SEP framework posits that students’ SSR will be rooted in their KVP
associated with the issue. Figures 3.1 and 3.2 3 show that the six SEE-SEP subject areas
represent the facets of SSIs that are considered when engaging in SSR. My research used
measurements of KVP associated with the six SEE-SEP subjects to identify if KVP could
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be associated with levels of SSR for the four SSR aspects. Additionally, I used a different
set of KVP Factors, identified through factor analysis, to generate a more multifaceted
picture of the association between student characteristics (namely, their Academic
understanding, Awareness of controversy, and Value of others using resources) and SSR.
Finally, I looked at SSR itself in comparing two topics—environmental preservation and
genetic screening—to see if SSR levels differed depending on the topic of the issue.
Above I have attended to the collective meaning of the analyses that looked at the two
topics individually (SEM and MANOVA for the environmental topic, MANOVA for the
genetics topic) and interpreted the MANCOVA analysis. In this section, I discuss the
meaning of those results together to address the research purpose of understanding how
students’ KVP contributes to their level of SSR for the four SSR aspects.
The MANOVA work compared group means based on membership of different
levels of the hypothesized KVP aspects, the KVP Factors, and demographics. As
discussed above, these collective results can provide a more detailed picture of how
students will use their funds of knowledge to engage in SSR. Those results suggested that
adherence to a stance could affect the level of Complexity SSR for both topics, but
students with greater content knowledge and limited Experience may be more likely to
exhibit higher levels of Complexity SSR. Understanding of how the issue may be
controversial also influenced SSR levels for both topics, suggesting that interventions and
instruction directed towards supporting growth in SSR should include attention to the
controversial elements of the issue. These results together support the idea that teachers
should challenge students to critique their own stances and explore the merits of other
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views associated with an SSI, and that students would benefit from this exercise
regardless of the SSI topic.
The MANCOVA can help to further explain these comparisons because this
analysis includes study of both topics and how the topic itself could be associated with
differences in SSR levels. The MANCOVA showed that students presented a higher
awareness of Perspectives with the environmental topic. The SEM analysis of the
environmental topic did show the strongest loading of Perspectives onto the SSR latent
variable (compared to the other three SSR aspects). Significant influences were also
discernable for the genetics topic; the MANOVA analysis showed that students with
higher levels of Factor 2, Awareness of controversy of the issue, demonstrated higher
Perspectives scores. Given that the only KVP Factor found through SEM analysis to have
a significant indirect effect on SSR was Factor 2, the collective results suggest that
Awareness that the issue is controversial supports higher Perspectives scores for both
topics. However, when compared side-by-side in MANCOVA, the Perspectives levels
are higher for the environmental topic. This result could be because students had greater
overall awareness of the controversy of the environmental topic; the mean score for
Factor 2 for the environmental topic is 1.374 (SD = .689), whereas the mean score for the
genetics topic is .9588 (SD = .580), t(483) = 7.182, p < .001.
The individual MANOVA analyses did indicate influences of Skepticism SSR on
both topics. The MANOVA for the environmental topic showed higher levels of
Skepticism for students who had greater degrees of Experience, and analysis with the
genetics topic showed that students with higher levels of Factor 2, Awareness of
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controversy, showed higher levels of Skepticism. However, when compared side-by-side,
MANCOVA analyses showed that students were more likely to recognize bias in stances
associated with the genetics topic, and the degree of that recognition is associated with
their level of Awareness that the issue is controversial. In explication of a model of
genetic literacy, Shea et al. (2015) described that genetic literacy is a multi-faceted
concept that consists of ability to use content knowledge, develop robust arguments, and
understand the role of context on the issue. In their interviews, they saw that students
who had comparatively less content knowledge relied more heavily on the situational
features of the issue to construct their reasoning. In my research, many of the students
surveyed, especially for the genetics topic, demonstrated little content knowledge (mean
score for Knowledge items ranged from .984 – 1.078, meaning they had a vague
understanding of the issue). Thus, they likely relied on their understanding of the context
in which the issue is situated to inform their SSR, so that students with greater
understanding of how the issue was controversial equipped with more information from
which to derive meaning.
The MANCOVA results also suggested there was a difference in understanding of
Complexity between the two topics when considering the class of the students (either
underclass, chemistry, physics, or anatomy). Students in biology or physical science
(underclassmen) demonstrated greater Complexity levels for the environmental topic, and
students in upper grades (chemistry, anatomy, or physics) showed higher Complexity
levels for the genetics topic. Complexity, as noted above, also had some curious results in
the analyses of both topics separately. As discussed, the analyses seemed to suggest that
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students’ Complexity levels were negatively affected by their Experience with the issue,
possibly pointing to strong adherence to an existing stance as impeding ability to engage
with the complexity of the issue. However, it also appeared that students who had more
Academic understanding of the issue were able to appreciate its Complexity at higher
levels. This result coincided with the MANCOVA finding that students in higher grades,
who had already learned genetics in high school biology, were more able to recognize the
Complexity of the genetics topic, whereas students who had not showed higher levels of
Complexity for the environmental issue.
Conclusions, Limitations, and Future Work
In this final Conclusions section, I discuss implications of the work as a whole for
science teachers, science teacher educators, and science education researchers and point
out areas in need of future work.
Why Considering KVP in SSI Instruction Matters
SSI instruction challenges students to think of scientific issues within a social
context and, in doing so, introduces considerations of morals, ethics, and values to
controversial issues (Zeidler et al., 2005). This characterization separates SSIs from
previous instructional movements such as STS because it situates science in a social
setting that requires attention to facts of the situation that are not all scientific, such as
considerations of political and economic outcomes (Chang Rundgren & Rundgren, 2010).
When students engage in SSR, they consider that the issues with which they are faced
lack easy solutions due to competing interests of stakeholders who have interest in the
outcomes of the issue (Sadler et al., 2007). This unique approach to science instruction
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supports students in developing awareness of the scientific process (Fowler et al., 2009;
Han & Jeong, 2014; Lee et al., 2013), content (Klosterman & Sadler, 2010; Ottander &
Ekborg, 2012), empathy (Lee et al., 2012), and awareness of moral aspects of the issue
(Fowler et al., 2009).
Because of the controversial nature of SSIs, they affect different groups of people
in unique ways, and differences in KVP will lead to different directions of reasoning for a
group of students presented with the same SSI (Christenson et al., 2012). Students in
modern classrooms come from diverse backgrounds, and SSIs can position the diversity
of a classroom as an asset for instruction. This again characterizes SSIs differently from
previous approaches to interdisciplinary learning such as STS. This research shows that
student KVP does contribute to their SSR. Students from diverse backgrounds will
necessarily have KVP that is unique to them and will thus influence their engagement
with an SSI differently. By highlighting the ways in which KVP frames the approaches
taken to reasoning about an SSI, students can appreciate and empathize with diverse
perspectives.
Recommendations for Teachers, Teacher Educators, and Researchers
In discussion of each RQ above, I noted how the results of this research can
recommend practices for teachers, teacher educators, and researchers, particularly those
interested in ways to consider the characteristics of students in planning and
implementing. Here I present those recommendations collectively, emphasizing the ways
in which the results can be used by teachers and how the results can advise teacher
educators and researchers in supporting teachers.
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Recommendations for teachers. My results showed that KVP and KVP Factors
do influence SSR for both topics, so teachers are advised to engage students in activities
that allow them to explore their KVP and KVP Factors associated with the issue under
consideration. Particularly, the SEM results indicated that for the environmental issue
students’ SSR was largely influenced by their Awareness of controversy of the
environmental preservation issue. This result suggests the need to create experiences in
which students can acknowledge and explore the different perspectives associated with
SSIs as a way of enhancing scientific literacy, specifically as it is associated with SSR.
MANOVA analysis points to influences of other aspects of KVP and KVP factors
on SSR components. For the environmental topic, students with higher Experience
demonstrated greater levels of Inquiry and Skepticism, and students with higher
Academic understanding demonstrated higher levels of Complexity SSR. These results
were not identical for the genetics topic. In the genetic screening SSI, the KVP Factor of
Awareness of controversy had a significant influence on Skepticism and Perspectives
scores, and the interaction of Values and Experience with typical grades influenced
Complexity. Collectively, these results paint a complicated picture for teachers
interesting in using KVP and KVP factors to support higher levels of SSR. The absence
of identical results suggests that students will use their KVP and KVP Factor components
to different degrees depending on the topic of the SSI. As discussed above, a factor that
may influence how students select to use KVP or KVP factors may be their comfort with
the content and the degree to which they already have beliefs about the ways in which the
issues should be resolved. These results suggest that creating learning experiences that
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guide students to attend to certain aspects of KVP and KVP factors that were found to be
significant could support growth in certain SSR aspects, but an alternative approach may
be to help students recognize how other KVP and KVP Factor aspects may be considered
in developing approaches to resolving SSIs. For instance, given the lack of significant
relationship of any factor on Inquiry for the genetics topic, teachers may need to
strategize about how to enhance this aspect of SSR for genetics SSIs. Given that students
with higher Experience scores for the environmental preservation topic showed higher
Inquiry SSR levels, one approach may be to see if providing experiences related to
continued investigation of genetics SSIs could address this gap.
Additionally, these results show that students may be inclined to favor a
perspective as they engage with the issue in ways that may interfere with quality
demonstrations of Inquiry, Perspectives, and Skepticism. Teachers must challenge
students to look specifically for weaknesses in the stances to which students align
themselves to identify sources of bias and discuss the need to continue to study if this
approach is appropriate. Particularly, based on the MANCOVA results used to answer
RQ3, for the environmental topic students need to be challenged more in Skepticism, and
for the genetics topic students need more practice developing awareness of multiple
Perspectives. The MANOVA and SEM results suggest that these objectives may be
achieved by providing more Experience for students with issues related to environmental
preservation and more Awareness of controversy for issues related to genetics (aspects
shown to be related to higher levels of Skepticism and Perspectives SSR for the
environmental and genetics topics, respectively).
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Another interesting result is the role of academics and Complexity SSR. For the
environmental topic, students with higher Academic understanding of the issue
demonstrated higher levels of Complexity SSR. For the genetic topic, students with lower
grades showed higher Complexity levels when they had higher Values and mid-level
Experience, and students with higher grades showed higher Complexity when they
indicated lower levels of Values and Experience. These findings suggest that content
knowledge can contribute to Complexity SSR, but also that, at least for the genetics topic,
a greater degree of value for and experience with the issue may substitute for content
knowledge awareness. Teachers interested in engaging students in understanding SSIs
outside of academic learning may be encouraged by these findings of the potential of
adding learning activities that expose students to the issue and increase Value and
Experience will support scientific literacy aims associated with SSR.
Recommendations for teacher educators. Teacher educators can use the results
of this research to support developing teachers as they construct lessons using SSIs.
These results and the recommendations above suggest that teachers need practice in
eliciting student KVP and attending to the KVP Factors. Due to the tendency for students
to align themselves with a view and resist other perspectives, teacher educators must also
help teachers develop strategies for challenging students to consider the weaknesses in
their own arguments as well as appreciate why others may disagree with their stance.
Additionally, this research points to the significance of the degree to which students
understand the controversy of the SSI on SSR. Because teachers tend to feel
uncomfortable using controversial issues in their classrooms (Borgerding & Dagistan,
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2018; Tal & Kedmi, 2006), teacher educators need to present strategies that will help
teachers comfortably utilize inherently complex, controversial SSIs with their students,
such as by helping teachers design service learning opportunities or prepare students to
engage in conversations with experts or stakeholders through technology and social
media. Additional challenges teachers face in using SSIs is concern for adequate
coverage of content knowledge (Tidemand & Nielsen, 2016) and absence of motivation
for use due to unclear relevance to their curriculum (Allchin, 1999). Although my
research did not address these questions directly, my results do suggest that gains in
scientific literacy may be made by inviting controversial issues in the classroom. Thus, in
supporting teachers with strategies that help them feel more comfortable using these
issues, teacher educators must also attend to concerns about content and assessment.
Recommendations for researchers. Science education researchers may use these
results to pursue new avenues of research that relates KVP and KVP Factors to SSR. For
instance, more research is needed to compare models of multiple genetics and multiple
environmental scenarios to see how these relationships hold for SSI of similar topics.
Additionally, research that explores these connections for students of different
backgrounds or regions could further illuminate how the connections hypothesized by
this research can continue to refine the SEE-SEP model. More discussion of how
additional research may support the purposes associated with this study are described
below, where I detail the need for research that addresses gaps inherent in the study
design and techniques I used.
Overall Study Limitations and Need for Continued Validation
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Thorough research must also consider alternative explanations to findings of the
data in a process of ongoing validation (Loevinger, 1957). The explanations described
above could tell the story of this data, but alternative interpretations do exist and should
be considered. Above I have referenced the need for this caution in the discussion of the
meaning of my findings. Here I discuss some collective limitations to this research that
point to the need for caution overall in interpretation and highlight some ways in which
these limitations can be addressed through additional research or revisions to this
research project.
Limitations and future work to address. This research, as all research,
possesses limitations that should be carefully considered when evaluating the results. One
limitation is the scope of the population of students surveyed. Because the value of SSIs
can be maximized using locally relevant issues, the results of this study are likely to be
different if replicated in a different area where issues of the environment or genetics are
more or less relevant. Similarly, this research only presented two SSIs. Due to findings
that suggest that SSR may differ in some ways or be similar depending on the topic, there
remains a need for additional research to evaluate the extent of this difference and
congruence across several topics and in several student populations, particularly, as noted
in the citation of other relevant research above, the role of Experience may manifest more
significantly in more diverse groups. Moreover, the presentation of the topics may also
influence the ways in which they are approached (Berglund & Gericke, 2016), so
revisiting these same topics from different angles could produce different results. An
additional limitation may lie in the composition of the KVP instrument. I developed this
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instrument to consist of open-ended items, which presents the possibility that students
will give limited responses due to lack of motivation to write an answer rather than lower
levels of KVP. In this case, an alternative interpretation of my data could be more
suggestive that students with higher measures KVP also had higher motivation to
contribute to the study, a variable for which I did not directly account. Thus, this study
should be revisited using KVP items that consist of Likert scale items that will require
less effort on the part of the respondents. My research resulted in the development of a
rubric of responses associated with the KVP questions that may be used as a guide in
creating these types of questions. On the other hand, the SSR instrument consisted of
forced-choice items. Although I used a pilot study to check the appropriateness of the
choices provided for the student population, the use of forced choice instruments over
open-ended invited the possibility that students were unable to find a choice that aligned
best with their beliefs, and this thinking would have not been reflected in my data.
Limitations also exist that are inherent in the analysis techniques I used. SEM is
an analysis technique used to confirm an existing theory, so, by its nature, alternative
interpretations of the data structure are not sufficiently considered using SEM. Above, I
gave some attention to the absence of aspects of students that could affect SSR. Those
results posited that students’ adherence to a particular view may influence their SSR in
ways that are not directly measured by the instruments used for this study. In this study I
examined Knowledge, Values, and Experience as influences on SSR levels, but other
research (e.g. Michalos et al., 2011; Olsson et al., 2016) have instead used a collective
construct of Knowledge, Attitudes, and Behaviors (KAB). Behaviors may be related to
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Experiences but Michalos et al. (2011) uses the term to refer to everyday activities, which
is narrower than the Experience definition used by Chang Rundgren and Rundgren (2010,
p. 12) as “connected to their daily life.” Attitudes may relate to Values, but Chang
Rundgren and Rundgren define values as referring to the “affective domain” (p. 12), and
Olsson et al. used a definition of attitudes as “enduring positive or negative feelings”
(citing Kollmuss and Agyeman, 2002, p. 252). Thus, other literature suggests that there
are related yet different aspects of the student that could associate with their level of SSR
that were not measured by this research.
Relatedly, the use of complex constructs such as Knowledge, Values, and
Experience signals the need for caution in interpreting the results of this research. I used
these terms as they were defined by Chang Rundgren and Rundgren (2010), though other
ways of defining these constructs certainly exist. As noted above in Chapter 4, examples
include direct assessment of different avenues through which students may become
familiar with the issue. Any implementation of the results of this study should attend to
the way in which these constructs were defined for this study.
The MANOVA and MANCOVA analyses also present some limitations. I used
MANOVA as a substitute for SEM when I encountered difficulties producing meaningful
models for both SSIs in addressing RQs 1 and 2. In doing so, I had to convert continuous
data of the hypothesized KVP aspects and KVP Factors to categorical data so that I could
compare SSR aspect mean scores based on group membership. By converting the data, I
reduced more informative continuous data to a categorical form, reducing the
discrimination between different scores. Additionally, MANOVA does not allow for the

225

inclusion of error terms and latent variables, so I was unable to account for these aspects
of the data through the MANOVA analysis. Thus, in interpreting the MANOVA results,
it is necessary to be aware that differences do exist within categorical groups that I was
unable to capture in this analysis as well as that the results include unaccounted-for error
in measurement. In the MANCOVA analysis, used to address RQ 3, I was unable to time
the administration of the two instruments in an optimal way (by separating administration
of each instrument to separate events). I randomized the distribution of the two survey
sets (environmental and genetics) to minimize the influence of testing fatigue and
memory, but the coupled administration could still have affected some scores in a way
that could not have been adequately accounted for through randomization. I also used
control variables that must be assumed to be reliable. Although it is unlikely that students
would invent untrue responses to questions about their current grade level or age, some
students may have felt uncomfortable revealing their true “typical grades in science” or
were somehow misinformed about their status in class.
Process of ongoing validation. Loevinger’s (1957) asserts that a researcher must
consider the use of conclusions drawn from research using an instrument as an ongoing
part of validity; this evaluation comprises the external phase of validation. This study
builds on the theory of Chang Rundgren and Rundgren (2010) and research by Romine et
al. (2017), thus participating in the external phase of validation for the SEE-SEP
framework and the SSR tool used by Romine et al. (2017). Although these results do
illuminate some aspects of SSR and the SEE-SEP framework, namely the role of
hypothesized KVP and newly defined KVP factors, my work, like the work of Chang
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Rundgren and Rundgren and Romine et al., can only be validated through continued
study of the results. This continued study includes implementing the recommendations I
forward based on the results of the study and evaluating their effectiveness as well as
continuing to test the relationship between hypothesized KVP and KVP Factors on SSR
in other populations.
Additionally, Messick (1995) calls for consideration of social consequences when
interpreting the results of a study. In this research, I drew conclusions based on students’
KVP and KVP Factor characteristics. When using conclusions drawn based on
characteristics of individuals to inform decisions, it is necessary to guard against
overgeneralizing individuals and setting expectations that adhere to their characteristics.
For instance, this research suggested that students may tend to exhibit higher levels of
SSR when they have a greater understanding that the issue is controversial. Practitioners
must be careful to guard against assuming that characteristics such as awareness of
controversy are fixed and predictive and instead view practices towards increasing SSR
as holistic approaches that address gaps students may have in their background while
providing experiences that promote SSR.
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Appendix A
Standards Alignment for QuASSR Items
SSR Domain

Question

Alignment to
NGSS

Explanation of
alignment

Complexity

Is the issue of fracking a complex
issue?

Asking questions
and defining
problems

Design problem that
involves the
development of a
process or system
with interacting
components and
criteria and
constraints that may
include social,
technical, and/or
environmental
considerations

Is the case of fracking in Pavilion,
WY easy to resolve?

Constructing
explanations and
designing
solutions

Design, evaluate,
and/or refine a
solution to a
complex real world
problem based on
scientific
knowledge, studentgenerated sources of
evidence, prioritized
criteria, and tradeoff
considerations

How likely is it that the residents
of Pavilion and representatives of
the gas company would endorse
the same solution to the Pavilion
fracking case?

Engaging in
argument from
evidence

Evaluate the claims,
evidence, and/or
reasoning behind
currently accepted
explanations or
solutions to
determine the merit
of arguments

How likely is it that an
environmental advocacy group
and representatives of the gas

Engaging in
argument from
evidence

Evaluate competing
design solutions to a
real-world problem

Perspectivetaking
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company would endorse the same
solution to the Pavilion fracking
case?

Inquiry

based on scientific
ideas and principles,
empirical evidence,
and/or logical
arguments regarding
relevant factors (e.g.
economic, societal,
environmental,
ethical
considerations)

If you were asked to make a
decision on whether to stop or
continue fracking in Pavilion, do
you feel as though you have
enough information to make a
decision?

Engaging in
argument from
evidence

Construct, use,
and/or present an
oral and written
argument or
counter-arguments
based on data and
evidence

Do you think the residents of
Pavilion, the gas company, the
United States Geologic Survey
(USGS), and a local
environmental advocacy group
would agree with your decision?

Engaging in
argument from
evidence

Respectfully
provide and/or
receive critiques on
scientific arguments
by probing
reasoning and
evidence and
challenging ideas
and conclusions,
responding
thoughtfully to
diverse perspectives,
and determining
what additional
information is
required to resolve
contradictions

If the decision you made on
whether to stop or continue
fracking were put into action,
would you recommend that
additional funds and resources be
used to continue studying the

Engaging in
argument from
evidence

Respectfully
provide and/or
receive critiques on
scientific arguments
by probing
reasoning and
evidence and
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effect of fracking on Pavilion’s
water supply?

Skepticism

challenging ideas
and conclusions,
responding
thoughtfully to
diverse perspectives,
and determining
what additional
information is
required to resolve
contradictions

At a town meeting, a group of
scientists employed by the gas
company and another group of
scientists employed by the United
States Geological Survey (USGS)
provided expert opinions on the
fracking issue. Would you expect
their opinions to be similar?

Engaging in
argument from
evidence

Evaluate the claims,
evidence, and/or
reasoning behind
currently accepted
explanations or
solutions to
determine the merit
of arguments

In response to the criticism about
the questionable effects of
fracking on Pavilion’s water
supply, the gas company has
suggested using part of its profits
to hire a team of scientists
dedicated to collecting data on
water quality in the area and
giving regular reports to the local
community. The residents of
Pavilion decide to hire a different
group of scientists to also conduct
water monitoring. Would you
expect the findings of these two
groups of scientists be similar or
different?

Analyzing and
interpreting data

Evaluate the impact
of new data on a
working explanation
and/or model of a
proposed process or
system

A geologist at a prestigious
university publishes an article in a
top-ranked journal confirming that
the chemicals contaminating
Pavillion’s water supply are many
of the same chemicals that are
associated with the nearby

Constructing
explanations and
designing
solutions

Construct and revise
an explanation
based on valid and
reliable evidence
obtained from a
variety of sources
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fracking operation. Do you think
this will change the fracking
debate?
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Appendix B
Final Concept Map of Genetics Ordered Multiple Choice Items
These maps represent the creation of the instrument prior to discussion with the review
panels. All descriptions are derived from the Sadler, Barab, & Scott (2007) rubric.
Genetic Screening
SSR Aspect: Complexity
Score
Level

Description

Choice: Is the issue
complex?

Choice: Is the issue easy to
resolve?

0

Simplistic solution
without considering
many facets

No-any “no” choice

Yes-any “yes” choice

1

Issue is complex
because of need to
know a lot of
information about the
topic of the isse

Yes and: The genetic
susceptibility testing issue
is complex because it
requires a lot of
knowledge about how
genes work to understand.
Once we learn more about
genes the issue is easier to
understand.

No and: Because anything
dealing with genetics is
complicated because the
science behind genetics is
still very new and not well
understood.

2

Need to learn more
about the consequences
of the issue

Yes and: The genetic
susceptibility testing issue
is complex because we do
not know all the possible
outcomes of the issue. It
will remain complex until
we fully study these
outcomes.

No and: Because the
description of the case
does not give enough
details about the
advantages and
disadvantages of the issue.
If those were provided it
would be easier to pick a
resolution.

3

DIfferent interests and
opinions make an issue
complex

Yes and: The genetic
susceptibility testing issue
is complex because it has
a lot of pros and cons that
make it difficult to decide
the best route. It will

No and: Because it
involves finding a balance
between concerns about
potential impacts with
possibilities of benefits for
people who need help.
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always be a complex issue
because of this difficulty.

SSR Aspect: Perspective taking
Score
Level

Description

Choice: Are the groups
likely to reach the same
conclusion?

Choice: Are the groups
likely to agree on a
solution?

0

Issue is not considered
carefully

Very likely-any “very
likely” choice

Very likely-any “very
likely” choice

1

Addresses issue from a
single perspective

Not very likely AND Not
enough time has been
devoted to coming up with
a shared solution to the
question of if genetic
susceptibility testing
should be pursued

Not very likely AND They
groups have not spent
enough time collaborating
to reach a consensus

2

Recognizes other
perspectives exist, but
not necessarily due to
values of the groups.

Not very likely AND The
groups are working
separately so they have
different information to
use to draw their
conclusions

Not very likely AND The
groups are using different
sets of data to make their
recommendations

3

Evaluates the issue
from diverse points of
view, including how
they may see issues
differently because of
how they consider it

Not very likely AND The
two groups place different
weight on the pros and
cons of the issue, so they
see the issue differently

Not very likely AND The
separate groups of
scientists have different
priorities

SSR Aspect: Inquiry
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Score Level

Description

Choice: Do you
have enough
information to
make a decision?

Choice: Would
the groups agree
with your
decision?

Choice: Would
you suggest
additional
funding to study
the issue?

0

Does not see a
need for further
investigation

There is
sufficient
information-any
choice

All would agree
with my decision

Would not
recommend more
research

1

Sees the need to
investigate more,
but without much
direction for what
needs to be
studied

Everyone has
different data. If
the two groups of
scientists agree
on which data is
best to answer
the question and
then collect it
following the
scientific
method, then
there will be
sufficient
information to
make a decision

It is unlikely that
all parties would
agree at first due
to their different
perspectives.
However, they
would eventually
come to a
common
agreement about
the best course of
action to take
after looking at
the data more.

Collecting
additional data
will likely lead to
a common
agreement

2

Sees the need to
understand
scientific or
social data more,
but not both. One
right choice
exists.

There needs to be
a better
understanding of
genetics all
around before a
clear choice
about the best
way to approach
the question
about genetic
susceptibility
question will
emerge.

One or both of
the groups might
not feel like there
has been enough
studied about
how genetic
susceptibility
testing works in
the body to think
it is OK to make
a decision at this
point.

Collecting
additional data
would help
address and
defray criticisms
from groups that
disagree with my
decision
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3

Sees the need to
collect more
information about
the science and
social aspects of
the issue. There
isn’t a correct
outcome.

It’s not yet clear
how this
technology will
help or hurt
people, and both
pros and cons
need to be
studied more
before a decision
can be supported.
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It is unlikely that
I could get all
parties to agree
with my decision
because they are
prioritizing
different data
based on if they
are already for or
against genetic
susceptibility
testing

Collecting
additional data
will help people
continue
discussing and
re-evaluating my
decision

SSR Aspect: Skepticism
Score Level

Description

Choice: Would
the opinions
differ?

Choice: Would
the external
groups agree?

0

Stakeholders
don’t have
different
positions

Opinions will
likely be similar

Would expect
Would NOT
findings to be the expect AND The
same
study is
unnecessary
since these
findings have
already been
confirmed by the
other research
groups

1

Different
perspectives
exist because the
different groups
have different
information from
which to base
their
perspectives.
Differences
exist, but vague
reasoning as to
why

While the data
from both groups
of scientists may
be different
initially because
they have
different
expertise in
genetics, they
will likely come
to agreement
after they share
data with each
other

The national
genetics
organization will
be able to fund
their group
better, so that
group will come
up with better
data and reach a
more reliable
conclusion
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Choice: Would
the new findings
change anything?

Would NOT
expect AND
Because this
scientist is not
directly involved
in the debate
about human
susceptibility
testing in the
United States,
the Berkeley and
Charlotte groups
are unlikely to
see the findings
as relevant to
their issue
OR
Would expect
AND After
considering these
new findings,
both parties are
likely to agree
that genetic
susceptibility
testing is not
worth the risks

and decide not to
consider it
further
2

Differences exist
among
stakeholders, and
can be described
how those
differences came
about

The details
behind the
genetic
susceptibility
testing issue are
multifaceted and
difficult to
understand. The
issue is not fully
understood by
anyone,
including the
scientists in both
groups, so the
scientists will
likely have
different
opinions on the
issue

Findings may be
different because
each group of
scientists may
use different
methods to
collect their data.

Would NOT
expect AND The
opposing parties
are already set in
their beliefs, and
so are unlikely to
consider
additional data
which may
change their
opinions
OR
Would expect
AND The parties
in favor of
genetic
susceptibility
testing will stop
pushing their
point because
they don’t want
to be blamed for
the negative
consequences of
the technology.

3

Conflicting
perspectives
arise because of
different interests
in the issue

The scientists
working on each
team have
opinions about
genetic
susceptibility
that influence the
data they collect
and how they
make sense of it,
so the different
scientists will
offer different
opinions.

The two groups
of scientists will
be collecting
data to support
different
perspectives, so
findings will
likely be
different

Would expect
AND The
opposing parties
will likely
interpret the
report differently
which may drive
the debate further
from reaching a
solution.
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Gene Therapy
SSR Aspect: Complexity
Score
Level

Description*

Choice: Is the issue
complex?

Choice: Is the issue easy
to resolve?

0

Simplistic solution
without considering
many facets

No-any “no” choice

Yes-any “yes” choice

1

Issue is complex
because of need to
know a lot of
information about the
topic of the isse

Any “yes” choice AND
The gene therapy issue is
complex because it
requires understanding of
genes, viruses, and how
people develop
Huntington’s, all of which
are hard to fully
understand.

Any “no” choice AND
Because anything
dealing with genetics is
complicated because the
science behind genetics is
hard to fully understand,
as there is a lot that still
isn’t known about how
genes work.

2

Need to learn more
about the consequences
of the issue

The gene therapy issue is
complex because we still
need to understand the
ways it can be beneficial
or harmful before we can
decide about using it.

Because the description of
the case does not tell
everything there is to
know about the issue. If
more details were
available about what is
good and bad about gene
therapy, it would be easier
to figure out how to
resolve the issue.

3

DIfferent interests and
opinions make an issue
complex

The gene therapy issue is
complex because there are
a lot of ways that it could
be good for people but
also a lot of ways it could
be harmful, so it’s hard to
make a decision about
what to do.

Because it requires finding
a way to achieve the
possible benefits while
also avoiding the potential
negative consequences of
using gene therapy.
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SSR Aspect: Perspective taking
Score
Level

Description

Choice: Are the groups
likely to reach the same
conclusion?

Choice: Are the groups
likely to agree on a
solution?

0

Issue is not considered
carefully

Very likely-any “very
likely” choice

Very likely-any “very
likely” choice

1

Addresses issue from a
single perspective

Not very likely AND The
issue of gene therapy is
very new, so it is too early
to come up with a
compromise that both
groups can agree on before
there is more time for it to
be studied.

Not very likely AND The
groups have not spent
enough time working
together to understand
each other's’ views, so
they have not had time to
reach a consensus.

2

Recognizes other
perspectives exist, but
not necessarily due to
values of the groups.

The groups are working
separately on different
aspects of gene therapy, so
they will develop different
data to use to come up
with their
recommendations.

The groups are looking at
the issue using different
types of information based
on the data they have
access to.

3

Evaluates the issue
from diverse points of
view, including how
they may see issues
differently because of
how they consider it

The two groups place have
different ideas about what
aspects of the issue are
most important, so they
will look at the data
differently.

The groups will place
different degrees of
emphasis on different
aspects of the issue
depending on what they
think is important.

SSR Aspect: Inquiry
Score Level

Description

Choice: Do you
have enough
information to
make a decision?

Choice: Would
the groups agree
with your
decision?

Choice: Would
you suggest
additional
funding to study
the issue?

0

Does not see a
need for further
investigation

There is
sufficient
information-any
choice

All would agree
with my decision

Would not
recommend more
research
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1

Sees the need to
investigate more,
but without
much direction
for what needs to
be studied

There is not
sufficient
information
AND The three
groups are using
different data to
draw their
conclusions, so I
don’t think I can
decide about the
issue until they
would agree on
the best data to
use.y

A group would
not agree AND
One or both Both
groups will feel
like they need to
research the issue
more before
committing to
agreeing or not
agreeing with the
decision I came
up with.

Would
recommend more
research AND
Collecting
additional data
will help to
confirm that that
I made the right
choice

2

Sees the need to
understand
scientific or
social data more,
but not both. One
right choice
exists.

Although I think
there might be a
clear answer, I
do not think
enough research
has been done
about how the
therapy works to
make a decision
about whether it
should be used
or not.

It is unlikely that
all parties would
agree at first
because they
come into the
argument with
different ideas.
But, they would
eventually agree
after talking
about the issue
and
understanding
the pros and cons
better

Some will
disagree with the
decision I make,
so collecting
more data will
help me address
those
disagreements

3

Sees the need to
collect more
information
about the science
and social
aspects of the
issue. There isn’t
a correct
outcome.

The pros and
cons of using
gene therapy on
humans are not
fully understoodeither by the
average person
or the groups
themselves-so
more research
needs to be done
before anyone
can make a

It is unlikely that
I could get all
parties to agree
with my decision
because their
agreement
depends on the
views of the
group they
represent.

Collecting
additional data
will help
different groups
to continue to
evaluate if I
made the right
choice
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decision about
using it.

SSR Aspect: Skepticism
Score Level

Description

Choice: Would
the opinions
differ?

Choice: Would
the external
groups agree?

0

Stakeholders
don’t have
different
positions

Opinions will
likely be similar

Would expect
Would NOT
findings to be the expect AND The
same
study is
unnecessary
since these
findings have
already been
confirmed by the
other research
groups
OR
Would expect
AND After
considering these
new findings,
both parties are
likely to agree
that gene therapy
is good for those
with disorders
and not very
risky, so they
will agree it is
worth using
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Choice: Would
the new findings
change anything?

1

Different
perspectives
exist because the
different groups
have different
information from
which to base
their
perspectives.
Differences
exist, but vague
reasoning as to
why

Opinions will
differ AND The
groups have
different data
because they
studied it from
their area of
expertise. But,
when they
understand all of
the data, they
will agree with
each other.

Would expect
findings to differ
AND The
genetics
organization will
be able to fund
their group
better, so that
group will come
up with better
data and reach a
more reliable
conclusion.

Would NOT
expect AND
Because this
scientist is not
directly involved
in the debate
about gene
therapy, the
groups in this
scenario are
unlikely to see
the findings as
relevant to the
issue they are
debating.
OR
Would expect
AND The
opposing parties
will likely
interpret the
science in the
report differently
which may drive
the debate
further from
reaching a
solution

2

Differences exist
among
stakeholders, and
can be described
how those
differences came
about

The details
behind the gene
therapy are very
complex and
require
understanding a
lot about how
genes and viruses
work. Because
no group
understands the
issue in the same
way, they will
have different

Findings may be
different because
each group of
scientists may
use different
methods

Would expect
AND The parties
in favor of gene
therapy will use
these findings to
show that their
stance is the
most accurate
and thus
strengthen their
argument in the
debate
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opinions on the
issue

3

Conflicting
perspectives
arise because of
different interests
in the issue

The experts
working on the
different teams
will have
different
opinions of the
issue to start
with, so it is
likely their data
will support
those different
opinions.
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The two groups
of scientists will
be collecting
data to support
different
perspectives, so
findings will
likely be
different

Would NOT
expect AND The
different groups
already have
made up their
minds and are
likely to dismiss
additional data
that disagrees
with their stance

Appendix C
Final Version of Genetics Items for ACSSR
Genetic screening scenario
Insulin is a hormone that helps people convert food into energy by moving sugar from the
blood to the cells, where the cells can then turn that sugar into food. Type 2 diabetes is a
disorder in which a person isn’t able to use insulin properly, leading to many problems
such as feeling tired often, having trouble healing, and even nerve damage, in severe
cases.
Genes influence physical traits such as eye color, but they can also affect how likely it is
for a person to develop a disorder. Insulin, the hormone that is related to Type 2 diabetes,
is affected by genes just like physical traits such as eye color. Sometimes people can be
more at risk of developing a disorder, like type 2 diabetes, because they get a certain
version of the insulin gene. A team of researchers in Berkeley, California have been
working on a new technology called genetic susceptibility testing. Susceptibility means
likelihood to be influenced by something, so if someone is susceptible to get a disease
then it means they are more likely to get the disease than people who are less susceptible.
Genetic susceptibility testing allows geneticists to look at an individual’s genes to figure
out if that person is at a higher risk of developing a certain disorder because of that
person’s genes. This technology could help by identifying those at risk so that those
people can be targeted with preventative medicines early, thus making them less likely to
develop the disorder or making the disorder less severe once it develops. This approach is
more efficient than just relying on family history to identify risk because people can
inherit genes from their family even if their family doesn’t show the disorder, or someone
might not be at risk even if both parents have the disorder. Additionally, this approach
might help individuals feel more in control of their health because of the focus on
preventative action. For instance, individuals with genes that indicate they could develop
type 2 diabetes can be educated on how to prevent the development of the disorder.
However, some geneticists disagree with using genetic susceptibility testing for various
reasons, including a group that has researched the issue in Charlotte, NC. Although they
acknowledge the value of personalized care, they were worried the technology might also
lead to some people who are identified as more susceptible to diseases to feel like they
have no control over their situation-the opposite of what is expressed by those in favor of
the technology. They felt that people might feel like because they have the gene they are
destined to get the disorder, thus negatively affecting their quality of life. Also, they are
worried that if someone is tested and shown to not have genes for a disease they may see
that as an excuse to engage in unhealthy lifestyles, such as consuming a lot of sugar.
Additionally, the Charlotte group points to privacy concerns. The idea of genetic
discrimination suggests that genetic testing may allow employers to discriminate against

255

potential employees based on their genes, or health insurance companies could use this
information to justify charging some people more for insurance.
Should genetic susceptibility testing be pursued as a way to approach treating
disorders?SSR Aspect: Complexity
1. Is the issue of genetic susceptibility testing a complex issue? YES/NO
NO: Select the response below that best explains why the genetic susceptibility testing
issue is a fairly straightforward issue.
a.
People have genetic markers that make them likely to develop a disorder, and
genetic susceptibility testing tells them if they have those genes. Therefore, genetic
susceptibility testing helps people.
b.
Because there is so much that isn’t yet known about this technology, it is clear
that testing should not yet be pursued.
c.
Even though there might be problems with genetic susceptibility testing,
technology and legislation will fix those problems.
YES: Select the response below that best explains why the genetic susceptibility testing
issue is complex.
a.
The genetic susceptibility testing issue is complex because it requires a lot of
knowledge about how genes work to understand. Once we learn more about genes the
issue is easier to understand.
b.
The genetic susceptibility testing issue is complex because it has a lot of pros and
cons that make it difficult to decide the best route. It will always be a complex issue
because of this difficulty.
c.
The genetic susceptibility testing issue is complex because we do not know all the
possible outcomes of the issue. It will remain complex until we fully study these
outcomes.
1. Is the controversy of genetic susceptibility testing easy to resolve?
YES/NO
NO: Why is the genetic susceptibility testing controversy difficult to resolve?
a.
Because it involves finding a balance between concerns about potential impacts
with possibilities of benefits for people who need help.
b.
Because anything dealing with genetics is complicated because the science behind
genetics is still very new and not well understood.
c.
Because the description of the case doesn’t give enough details about the
advantages and disadvantages of the issue. If those were provided it would be easier to
pick a resolution.
YES: Why is the genetic susceptibility testing controversy easy to resolve?
a.
It is clear that genetic susceptibility testing will provide a solution to genetic
disorders, so it is clear that it should be pursued.
b.
It is clear that genetic susceptibility testing will have so many unintended
consequences that it’s not worth the risk.
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c.
Science and technology are very good at finding solutions to problems like these,
so with a little work the best answer to whether or not to use it will be clear.
SSR Aspect: Perspective-taking
1. How likely is it that the Berkeley and Charlotte research groups will reach the
same conclusions about continuing gene therapy as those against it, once they
investigate the issue further?
It is very likely that the scientists from the different groups would reach the same
conclusions.
It is NOT very likely that the scientists from the different groups would reach the same
conclusions.
Why is it very likely that the scientists would reach the same conclusions?
a.
Since both groups know a lot about genes, they will reach the same conclusion
about the best way to approach the issue after collaborating.
b.
Data is not biased, so if they work with the same set of data they will end up
agreeing on the same basic plan.
c.
An independent panel of experts could be called in to develop a compromise that
both groups could agree on.
Why is it not very likely that the Berkeley and Charlotte scientist groups would reach the
same conclusion?
a.
The two groups place different weight on the pros and cons of the issue, so they
see the issue differently.
b.
The groups are working separately so they have different information to use to
draw their conclusions.
c.
Not enough time has been devoted to coming up with a compromise to the
question of if genetic susceptibility testing should be pursued.
1. How likely is it that the different groups of scientists would support the same
conclusion about the question of pursuing genetic susceptibility testing?
It is very likely that the different groups of scientists would support the same conclusion.
It is NOT very likely that the different groups of scientists would support the same
conclusion.
Why is it very likely that the groups would support the same conclusion?
a.
The two groups will likely collaborate and reach a compromise.
b.
If both groups work toward a compromise they will end up with the same basic
plan.
c.
An independent panel of experts could be called in to develop an agreement that
addresses the concerns of both groups.
Why is it not very likely that the Charlotte and Berkeley scientists would reach the same
conclusion?
a.
The separate groups of scientists have different priorities.
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b.
The groups are using different sets of data to make their recommendations.
c.
They groups have not spent enough time collaborating to reach a consensus.
SSR Aspect: Inquiry
1. If you were asked to make a decision on supporting whether to stop or continue
genetic susceptibility testing, do you feel as though you have enough information
to make a decision?
I feel I have sufficient information to make a decision about whether to support
stopping or continuing genetic susceptibility testing.
I do not feel I have sufficient information to make a decision about whether to support
stopping or continuing genetic susceptibility testing.
Why is there sufficient information to make a decision about whether to support a
decision stop or continue genetic susceptibility testing?
a.
The benefits of genetic susceptibility testing outweigh the risks. Genetic
susceptibility testing offers a way to help people understand their health risks better, so it
is good for everyone.
b.
The risks of genetic susceptibility testing outweigh the potential benefits. Genetic
susceptibility testing is too unpredictable to be worth the risk of pursuing further.
c.
Since unbiased scientists are working on the issue of genetic susceptibility testing,
they will understand the risks and benefits well enough to reach the right conclusion
about what should be done.
Why is there not sufficient information to make a decision about whether to support a
decision to stop or continue genetic susceptibility testing?
a.
Everyone has different data. If the two groups of scientists agree on which data is
best to answer the question and then collect it following the scientific method, then there
will be sufficient information to make a decision.
b.
There needs to be a better understanding of genetics all around before a clear
choice about the best way to approach the question about genetic susceptibility question
will emerge.
c.
It’s not yet clear how this technology will help or hurt people, and both pros and
cons need to be studied more before a decision can be supported.
1. If you were forced to make a decision whether to stop or continue genetic
susceptibility testing based on the information in the article, what decision would
you make?
1. Stop genetic susceptibility testing
2. Continue genetic susceptibility testing
1. Do you think the Berkeley and Charlotte research groups would agree with your
decision?
I feel both would agree with my decision.
I feel one or more of the groups would not agree with my decision.
Why would all parties agree with your decision?
a.
If they all looked at the issue without bias, then it is clear that genetic
susceptibility testing is causing more harm than good.
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b.
If they all looked at the issue without bias, then it is clear that the benefits of
genetic susceptibility testing outweigh the potential harmful effects.
c.
Scientists tend to agree about these types of issues if they spend enough time
talking about the pros and cons of each side.
Why would one or more of the parties likely not agree with your decision?
a.
One or both of the groups might not feel like there has been enough studied about
how genetic susceptibility testing works in the body to think it is OK to make a decision
at this point.
b.
It is unlikely that I could get all parties to agree with my decision because they are
prioritizing different data based on if they are already for or against genetic susceptibility
testing.
c.
It is unlikely that all parties would agree at first due to their different perspectives.
However, they would eventually come to a common agreement about the best course of
action to take after looking at the data more.
1. If the decision you made on whether to stop or continue genetic susceptibility
testing were put into action, would you recommend that additional funds and
resources be used to continue studying the potential of genetic susceptibility
testing?
I would not recommend continuing to study the potential of genetic susceptibility
testing.
I would recommend continuing to study the potential of genetic susceptibility testing.
Why would you not recommend continuing to study the potential of genetic susceptibility
testing?
a.
Since a decision has already been made, it is a dead issue so no need to continue
collecting data.
b.
That a decision has already been made implies that there was sufficient
information to make that decision. So no more study is needed.
c.
It makes more sense to put resources into how to do the testing or how to find an
alternative to testing rather than looking at the same debate after a choice has been made.
Why would you recommend continuing to study the potential of genetic susceptibility
testing?
a.
Collecting additional data would help address and defray criticisms from groups
that disagree with my decision.
b.
Collecting additional data will likely lead to a common agreement.
c.
Collecting additional data will help people continue discussing and re-evaluating
my decision.
SSR Aspect: Skepticism
1. At a national research meeting of geneticists, a group of scientists from the
Berkeley research team and a group of scientists from the Charlotte research team
provided expert opinions on the genetic susceptibility testing issue. Would you
expect their opinions to be similar?
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Expert opinions offered by the scientists from the Berkeley group and from the Charlotte
group will likely be similar.
Expert opinions offered by the scientists from the Berkeley group and from the Charlotte
group will likely not be similar.
Why would the opinions of both groups of scientists likely be similar?
a.
Science is an objective process based on data, so the opinions of both groups of
scientists should be similar.
b.
While the data from both groups of scientists may be different initially, they will
likely come to agreement after they share data with each other.
c.
Scientists are typically unconcerned with subjective opinions, and are more
concerned with reaching a result based on actual findings. So the opinions of both parties
will be similar.
Why would the opinions of both groups not likely be similar?
a.
The details behind the genetic susceptibility testing issue are multifaceted and
difficult to understand. The issue is not fully understood by anyone, including the
scientists in both groups, so the scientists will likely have different opinions on the issue.
b.
While the data from both groups of scientists may be different initially because
they have different expertise in genetics, they will likely come to agreement after they
share data with each other.
c.
The scientists working on each team have opinions about genetic susceptibility
that influence the data they collect and how they make sense of it, so the different
scientists will offer different opinions.
1. In response to the criticism about the questionable outcomes of genetic
susceptibility testing, the national genetics research foundation that functions
separately from either the Berkeley or Charlotte group has offered to fund a teams
of scientists to collect data on genetic susceptibility testing. An advocacy group
that opposes genetic susceptibility testing has offered to fund another group of
scientists to help understand the risks of the technology. Would you expect the
findings of these two groups of scientists be similar or different?
I would expect the findings of the two groups of scientists to be the same.
I would expect the findings of the two groups of scientists to be different.
Why would you expect the findings of both groups of scientists to be the same?
a.
Findings would be the same if the science was done correctly, since science is an
objective process.
b.
The scientists may have different findings at first, but would eventually come to
agreement after talking it out.
c.
Both groups of scientists will be studying the same issue, so should get similar
results.
Why would you expect the findings of the two groups of scientists to be different?
a.
The two groups of scientists will be collecting data to support different
perspectives, so findings will likely be different.
b.
The national genetics organization will be able to fund their group better, so that
group will come up with better data and reach a more reliable conclusion.
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c.
Findings may be different because each group of scientists may use different
methods to collect their data.
1. A geneticist at a top-notch research institution in Denmark published an article
that shows the risks of genetic susceptibility testing are substantial and there is
still very limited understanding of how to make the technology useful. She shows
that experiments on testing genes of rats has given limited information and has
not been very reliable in making predictions about the disorders the rats will
develop if they are raised in healthy environments (e.g. healthy food, plenty of
exercise, time to socialize). Do you think this will change the genetic
susceptibility testing debate?
I would expect the new findings to change the genetic susceptibility testing debate.
I would not expect the new findings to change the genetic susceptibility testing debate.
Why would you not expect this to change the genetic susceptibility testing
debate?
a.
The study is unnecessary since these findings have already been confirmed by the
other research groups.
b.
The opposing parties are already set in their beliefs, and so are unlikely to
consider additional data which may change their opinions.
c.
Because this scientist is not directly involved in the debate about human
susceptibility testing in the United States, the Berkeley and Charlotte groups are unlikely
to see the findings as relevant to their issue.
Why would you expect this to change the genetic susceptibility testing debate?
a.
After considering these new findings, both parties are likely to agree that genetic
susceptibility testing is not worth the risks and decide not to consider it further.
b.
The parties in favor of genetic susceptibility testing will stop pushing their point
because they don’t want to be blamed for the negative consequences of the technology.
c.
The opposing parties will likely interpret the report differently which may drive
the debate further from reaching a solution.
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Gene therapy prompt:
Huntington’s disease is a disorder in which the nerves, the cells responsible for sending
messages throughout the body, start to break down. This breakdown of nerves leads to
uncontrolled movements and difficulty thinking and reasoning. It is caused by a mutation
in a gene that helps the nerves in the brain to function.
Genes determine a lot about people. In addition to simple things like height, they can also
lead to the development of severe disorders such as Huntington’s disease. Genes are also
inherited by parents, which means that the genes a child gets come directly from the
genes the child’s parents had. This is why children tend to have a lot in common with
their parents. In fact, part of the reason Huntington’s disease is such a concerning
disorder is that it doesn’t begin to affect a person until they are in their late 30s/early 40s.
This delayed onset means that many people who are affected with the disorder may have
already had children and passed the genes for the disorder to their children. Because these
diseases are so serious and affect people’s lives so much, doctors are very interested in
how they can help people who have the gene that causes Huntington’s disease. One idea
that has been considered is gene therapy. Gene therapy would allow doctors to use
technology to actually change the gene that causes the disorder to develop.
A Huntington’s disease support group has strongly endorsed and promoted increasing
funding to support gene therapy research. In the case of this research, gene therapy would
work by allowing scientists to change the genes of the person with the disease-causing
gene so that it is replaced by a healthy gene that wouldn’t lead to the development of the
disorder. This could be accomplished by treating the person with a virus that contains the
healthy form of the gene and allowing that virus to interact with the brain cells of the
person with Huntington’s to remove the disease-causing gene and replace it with a gene
version that doesn’t lead to the development of the disorder. This technology could be
very helpful for people with Huntington’s disease because it would enable their brain to
function normally. Unlike most medicines that just help make the symptoms of the
disorder easier to deal with, gene therapy could actually fix the source of the problem.
However, some scientists have voiced objections to using gene therapy to cure diseases.
They say that using viruses to try to correct genes is too difficult to control and point to
studies in mice that show that it isn’t very effective at targeting genes. Additionally, they
voice concerns about unintended consequences. They say that it is difficult to know how
changing one gene will affect the whole person being treated (beyond just the brain cells
that caused Huntington’s), so manipulating genes is not worth the possible unpredicted
outcomes. Particularly when using viruses to cure diseases, the way the virus acts in the
body is unpredictable and could lead to an even more severe condition if things don’t go
as planned. Or, the virus could somehow infect a person without Huntington’s, and this
could lead to serious complications that cannot be anticipated.
Should gene therapy be used to try to cure disorders?
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SSR Aspect: Complexity
1. Is the issue of gene therapy a complex issue? YES/NO
NO: Select the response below that best explains why the gene therapy issue is fairly
straightforward.
d.
People who have disorders such as Huntington’s live a very difficult life, and
gene therapy shows a lot of potential for helping them. Therefore, it needs to be used to
help these people live better lives.
e.
Gene therapy has a lot of unknowns, and the research about its effectiveness is
mixed, therefore it should not be pursued until all of those unknowns are figured out.
f.
Even though there might be problems with gene therapy, scientists will figure out
a way to address those problems before it is used on people.
YES: Select the response below that best explains why the gene therapy issue is complex.
d.
The gene therapy issue is complex because it requires understanding of genes,
viruses, and how people develop Huntington’s, all of which are hard to fully understand.
e.
The gene therapy issue is complex because there are a lot of ways that it could be
good for people but also a lot of ways it could be harmful, so it’s hard to make a decision
about what to do.
f.
The gene therapy issue is complex because we still need to understand the ways it
can be beneficial or harmful before we can decide about using it.
1. Is the controversy of gene therapy easy to resolve?
YES/NO
NO: Why is the gene therapy controversy difficult to resolve?
d.
Because it requires finding a way to achieve the possible benefits while also
avoiding the potential negative consequences of using gene therapy.
e.
Because anything dealing with genetics is complicated because the science behind
genetics is hard to fully understand, as there is a lot that still isn’t known about how genes
work.
f.
Because the description of the case does not tell everything there is to know about
the issue. If more details were available about what is good and bad about gene therapy, it
would be easier to figure out how to resolve the issue.
YES: Why is the gene therapy controversy easy to resolve?
d.
It is clear that gene therapy will provide a cure for those suffering from genetic
disorders, so it should be used.
e.
It is clear that gene therapy is very unpredictable, so it’s not worth the risk.
f.
Science and technology are very good at finding solutions to problems like these.
SSR Aspect: Perspective-taking
1. How likely is it that the Huntington’s support group and the scientists will reach
the same conclusions about whether or not to consider using gene therapy once
they investigate the issue further?
It is very likely that the different groups would reach the same conclusion.
It is NOT very likely that the different groups would reach the same conclusion.
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Why is it very likely that the different groups would reach the same conclusion?
d.
Since all groups have done a lot of research and understand the issue well, they
will reach the same conclusion after sharing their data with each other.
e.
The facts are able to be learned, so once those are determined and understood by
all groups they will all agree on the right answer.
f.
An independent panel of experts could be called in to develop a compromise that
addresses the concerns held by both groups. Once this is done, the groups will follow the
decision of that panel.
Why is it not very likely that the different groups would reach the same conclusion?
d.
The two groups place have different ideas about what aspects of the issue are
most important, so they will look at the data differently.
e.
The groups are working separately on different aspects of gene therapy, so they
will develop different data to use to come up with their recommendations.
f.
The issue of gene therapy is very new, so it is too early to come up with a
compromise that both groups can agree on before there is more time for it to be studied.
1. How likely is it that the different groups would agree on the best answer to the
question of pursuing gene therapy?
It is very likely that the Huntington’s support group and the scientists would agree on an
answer.
It is NOT very likely that the Huntington’s support group and the scientists would agree
on an answer.
Why is it very likely that the groups would agree on an answer?
d.
Once the groups take time to collaborate on the problem, they will reach an
agreement that they can all support.
e.
If the groups work toward an answer with the same objective in mind they will
end up with the same solution.
f.
If an independent group is called on to help resolve the differences between the
groups, they will likely support the recommendations of the panel.
Why is it not very likely that the groups would agree on an answer?
d.
The groups will place different degrees of emphasis on different aspects of the
issue depending on what they think is important.
e.
The groups are looking at the issue using different types of information based on
the data they have access to.
f.
The groups have not spent enough time working together to understand each
other's’ views, so they have not had time to reach a consensus.
SSR Aspect: Inquiry
1. If you were asked to make a decision on whether to advocate that we stop or
continue pursuing gene therapy in humans, do you feel as though you have
enough information to make a decision?
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I feel I have sufficient information to make a decision about whether to advocate
stopping or continuing gene therapy in humans.
I do not feel I have sufficient information to make a decision about whether to advocate
stopping or continuing gene therapy in humans.
Why is there sufficient information to make a decision about whether to advocate
stopping or continuing gene therapy in humans?
d.
I think he benefits of gene therapy are definite and the risks are just possible
concerns, so the gene therapy should be used.
e.
It seems to me that he risks of genetic susceptibility testing outweigh the potential
benefits. Gene therapy is too risky to the population as a whole to be worth the potential
benefit to a few people.
f.
Science follows a procedure (the scientific method) that leads to clear
conclusions, so I am confident that scientists working on gene therapy will understand the
issue well enough to know if it is a good idea.
Why is there not sufficient information to make a decision about whether to support
stopping or continuing using gene therapy?
d.
The three groups are using different data to draw their conclusions, so I don’t
think I can decide about the issue until they would agree on the best data to use.
e.
Although I think there might be a clear answer, I do not think enough research has
been done about how the therapy works to make a decision about whether it should be
used or not.
f.
The pros and cons of using gene therapy on humans are not fully understoodeither by the average person or the groups themselves-so more research needs to be done
before anyone can make a decision about using it.
1. If you were forced to make a decision whether to advocate stopping or continuing
gene therapy based on the information in the article, what decision would you
make?
1. Stop gene therapy
2. Continue gene therapy
1. Do you think the Huntington’s group and the scientists would agree with your
decision?
I feel both groups would agree with my decision.
I feel one group would not agree with my decision.
Why both groups agree with your decision?
d.
If all of them looked at the issue without bias, then it is clear that gene therapy
causes more harm than good.
e.
If all of them looked at the issue without bias, then it is clear that the benefits of
gene therapy outweigh the potential harmful effects.
f.
Scientists tend to agree about these types of issues if they spend enough time
talking about the pros and cons of each side.
Why would one of the groups likely not agree with your decision?
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d.
One or both groups will feel like they need to research the issue more before
committing to agreeing or not agreeing with the decision I came up with.
e.
It is unlikely that I could get all of them to agree with my decision because their
agreement depends on the views of the group they represent.
f.
It is unlikely that they would agree at first because they come into the argument
with different ideas. But, they would eventually agree after talking about the issue and
understanding the pros and cons better.
1. If the decision you made on whether to advocate that we stop or continue gene
therapy were followed, would you recommend that additional funds and resources
be used to continue studying the potential risks and benefits of gene therapy?
I would not recommend continuing to study the potential risks and benefits of gene
therapy.
I would recommend continuing to study the potential risks and benefits of gene therapy.
Why would you not recommend continuing to study the potential risks and benefits of
gene therapy?
d.
Since a decision has already been made, it is not worth putting more money into
studying it.
e.
That a decision has already been made implies that there is nothing else to learn.
f.
It makes more sense to put resources into how to do the therapy or how to find an
alternative to therapy rather than looking at the same debate after a choice has been made.
Why would you recommend continuing to study the potential risks and benefits of gene
therapy?
d.
Some will disagree with the decision I make, so collecting more data will help me
address those disagreements.
e.
Collecting additional data will help to confirm that that I made the right choice.
f.
Collecting additional data will help different groups to continue to evaluate if I
made the right choice.
SSR Aspect: Skepticism
1. At a meeting of lawmakers discussing the issue of gene therapy, a representative
from the Huntington’s group and a geneticist presented expert testimony on the
gene therapy issue. Would you expect their opinions to be similar?
Expert opinions offered by the representatives will likely be similar.
Expert opinions offered by the representatives will likely not be similar.
Why would the opinions of the representatives likely be similar?
a.
The groups will present data that was collected objectively, so their opinions will
be similar.
b.
The representatives will have different data to start, but once they share it with
each other they will be able to reach the same opinion.
c.
Scientists are good at removing themselves from bias as they interpret their data,
so they will end up with the same views after they study the issue.
Why would the opinions of the groups not likely be similar?

266

d.
The details behind the gene therapy are very complex and require understanding a
lot about how genes and viruses work. Because no group understands the issue in the
same way, they will have different opinions on the issue.
e.
The groups have different data because they studied it from their area of expertise.
But, when they understand all the data, they will agree with each other.
f.
The experts working on the different teams will have different opinions of the
issue to start with, so it is likely their data will support those different opinions.
1. In response to the criticism about the questionable outcomes of gene therapy, the
Huntington’s research group has offered to fund a new group of researchers to
study the issue of gene therapy and its potential in more detail. The genetics
research group has decided to do the same; they have funded a group to look more
closely at what outcomes could result from pursuing gene therapy. Would you
expect the two new groups to come up with the same findings?
I would expect the findings of the two groups of scientists to be the same.
I would expect the findings of the two groups of scientists to be different.
Why would you expect the findings of both groups of scientists to be the same?
a.
Findings would be the same if the science was done correctly, since science is an
objective process.
b.
The scientists may have different findings at first, but would eventually come to
agreement after talking it out.
c.
Both groups of scientists will be studying the same issue, so should get similar
results.
Why would you expect the findings of the two groups of scientists to be different?
d.
The two groups of scientists will be collecting data to support different
perspectives, so findings will likely be different.
e.
The genetics organization will be able to fund their group better, so that group
will come up with better data and reach a more reliable conclusion.
f.
Findings may be different because each group of scientists may use different
methods.
1. A geneticist working with cutting-edge technology in Sweden has done some
research on using gene therapy to treat Alzheimer’s disease in elderly patients.
Alzheimer’s is another brain disorder in which neurons don’t work as they do in
healthy patients, just like with Huntington’s disease. His research demonstrates
that the gene therapy virus can effectively target the cells in need of the corrected
gene, and that the virus used to deliver the corrected gene is not able to be
transmitted to other individuals. Do you think this finding will change the debate
about using gene therapy?
I would expect the new findings to change the gene therapy debate.
I would not expect the new findings to change the gene therapy debate.
Why would you not expect this to change the gene therapy debate?
d.
The study is unnecessary since these findings have already been confirmed by the
other research groups.
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e.
The different groups already have made up their minds and are likely to dismiss
additional data that disagrees with their stance.
f.
The scientist publishing this article is writing about Alzheimer’s, which isn’t
relevant to the debate about gene therapy for any other disorders.
g.
Because this scientist is not directly involved in the debate about gene therapy, the
groups in this scenario are unlikely to see the findings as relevant to the issue they are
debating.
Why would you expect this to change the gene therapy debate?
d.
After considering these new findings, both parties are likely to agree that gene
therapy is good for those with disorders and not very risky, so they will agree it is worth
using.
e.
The parties in favor of gene therapy will use these findings to show that their
stance is the most accurate and thus strengthen their argument in the debate.
f.
The opposing parties will likely interpret the science in the report differently
which may drive the debate further from reaching a solution.
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