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ABSTRACT
Socio-scientific reasoning (SSR) is key to helping students take
informed positions around socio-scientific issues (SSI). SSR
comprises four competencies: recognising complexity of SSI’s,
multiple perspectives around SSI’s, the need for ongoing inquiry
around SSI’s, and skepticism around different parties’ claims
made about SSI’s. The Quantitative Assessment of SSR (QuASSR)
provides a promising measurement framework, but there are still
important questions around the ability of this instrument to
measure transfer across different scenarios and change in SSR
over an intervention. Further, prior work suggests that the four
competencies may constitute a progression. We explored the
ability of the QuASSR to measure transfer of SSR across three
different SSI’s using 2-faceted and multi-faceted Rasch models.
We used path analysis to test the hypothesis that competencies
associated with SSR formed a progression. We found transfer or
neartransfer of SSR across the three scenarios, and that the
competencies comprise a unidimensional hierarchy. Perspective-
taking is a necessary bridge between students’ understanding of
complexity and the higher-level competencies of inquiry and
skepticism. Inquiry and skepticism were found to be conditionally
independent upon accounting for perspective-taking, supporting
the idea that seeing multiple perspectives around SSI’s is central
to development of the other SSR competencies.
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Socio-scientific issues (SSI) are complex social challenges that connect to science and
provide contexts for science learning. Using SSI as a teaching context can help students
develop scientific concepts, ideas about how science works, and science practices such as
argumentation (Khishfe et al., 2017; Romine et al., 2017). These basic outcomes are the
primary target of approaches to science education in Vision I science literacy (Roberts &
Bybee, 2014). However, SSI teaching has potential to positively impact the way learners
come to interact with ‘real life’ issues and situations that emerge from the intersections of
science and society. This leveraging of science understandings and practices along with
social, political, economic and ethical perspectives to make decisions or engage in
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problem solving is central to what Roberts and Bybee (2014) have classified as Vision II
scientific literacy (SL). More recently, a Vision III perspective has been proposed, which
calls for an increased focus on civic engagement (Rudolph & Horibe, 2016). In line with
the Bildung cultural tradition in Northern and Central Europe, Sjöström and Eilks (2018)
have proposed that science curricula increase their focus on philosophical values and pol-
itical issues towards preparing students for responsible citizenship in an increasingly
connected world. Socio-scientific reasoning (SSR) represents a set of related competen-
cies employed in the negotiation and resolution of SSI and, therefore, aligns directly with
Vision II and Vision III SL frameworks (Romine et al., 2017; Sjöström & Eilks, 2018).

Scientific literacy has always represented an amorphous idea, meant to inspire the
pursuit of broad goals for science education (DeBoer, 2000). In contrast, SSR was con-
ceptualised as a construct that could be operationalised and measured (Sadler et al.,
2007). As such, SSR was defined in terms of four dimensions, each of which represented
a competency necessary for making sense of and taking informed positions on SSI:

. Recognising the inherent complexity of issues and therefore not jumping to naïve
conclusions;

. Understanding that SSI are subject to ongoing inquiry and being able to identify
information that is missing;

. Analysing SSI from multiple perspectives and appreciating the unique concerns of
various stakeholders;

. Exhibiting reflective skepticism in the processing and analysis of information about
SSI from potentially biased sources.

Initial attempts to measure SSR relied on interviews and surveys with open-ended
response items (Sadler et al., 2007), which prohibited collection of large data sets. To
remedy this, the Quantitative Assessment of SSR (QuASSR) was developed using
ordered multiple choice (OMC) items (Romine et al., 2017). The QuASSR presents
students with a scenario that briefly describes a specific SSI and poses a set of 10 ques-
tions, each targeting one SSR competency. In initial work with the QuASSR, it was
found that items associated with the four SSR competencies could be considered a
one-dimensional construct, given a Rasch measurement framework, and that the
instrument can produce a reliable measure of this construct. Subsequent QuASSR
research has yielded validity evidence for the instrument through expert reviews of
the construct, its subdimensions, and alignments between dimensions and individual
QuASSR items (Kinslow, 2018; Womack et al., 2019). In the initial study, the
QuASSR was used to assess a 1-week SSI-based intervention and did not provide evi-
dence of change in SSR. This result complimented other studies, using qualitative data
collection methods, that suggested SSR can be resistant to change especially in
response to interventions which are limited in time (Sadler et al., 2011). Additionally,
the hierarchy of item difficulty in the QuASSR work suggested relationships among the
SSR competencies are indicative of a possible progression (Romine et al., 2017). That
is, QuASSR data suggested that the growth in the Complexity competency may facili-
tate growth in Multiple Perspective-taking, which is likely necessary for growth with
the Skepticism and Inquiry competencies.
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The current study further explores the SSR construct and the QuASSR as a tool for
measuring SSR. In this work, we collect a larger QuASSR data set using multiple SSI scen-
arios, from undergraduate students engaged in a semester-long introductory science
course built on SSI learning experiences. In analysing data collected at the beginning
and end of the course, we can explore the extent to which students’ SSR competencies
improve over time. The data also make it possible to test relationships among SSR dimen-
sions hypothesised in previous work. The study is guided by three research questions:

(1) How does introduction of multiple assessment scenarios impact construct validity of
the QuASSR, and how consistently do different scenarios measure SSR as a unidi-
mensional construct over time?

(2) How does student SSR, as measured by the QuASSR, change in response to SSI-
based instruction?

(3) How do the elements of SSR relate to one another in terms of a possible progression
of competencies?

Theoretical framework: transfer and SSR

Extensive evidence suggests that students can learn important outcomes associated with
teaching in the context of SSI. For example, SSI-based teaching can support student
learning of science content (Sadler et al., 2016), nature of science (Lederman et al.,
2014), and scientific practices such as argumentation (Dawson & Venville, 2010) and
modelling (Peel et al., 2019). SSI-based teaching can also be helpful in terms of generating
student interest in learning science and help students appreciate the relevance of science
learning experiences to their broader lives (Ke et al., in press). In light of Vision II SL, SSI
based teaching ought to do more for students than support their learning of science
content and practices and development of interest. The Bildung concept, aligned with
Vision III SL, takes this further, suggesting that SSI-based teaching should prepare stu-
dents to serve as responsible citizens in a democratic society (Sjöström & Eilks, 2018);
this brings home the necessity for understanding how students reason around and nego-
tiate SSI. Transfer theory (Haskell, 2000) offers a helpful framework for considering how
SSI-based teaching may benefit learners. Transfer explains how learners use ideas and
competencies, experienced in one context, in new contexts with different characteristics
and features. Haskell (2000) conceptualises transfer in terms of a set of six progressive
stages ranging from relatively simple connections between prior knowledge and a learn-
ing opportunity to situations in which the idea or competency to be transferred must be
applied in new ways or reinterpreted.

The idea of SSR emerged from consideration of what students might transfer from an
SSI learning experience to an opportunity to negotiate a different SSI. Consider, for
example, students learning about climate change. Following this experience, the students
will have to make sense of other SSI encountered through media, discussion with friends,
or as a ballot initiative. The new issue could be something closely related to climate
change such as a proposal to impose regulations on CO2 emissions. In this case, we
would expect that ideas learned as a part of the climate-themed SSI experience would
influence how students considered the question of CO2 regulations; hence, students
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would have demonstrated near transfer. If the new issue dealt with a completely different
topic, say labelling of genetically modified foods, students would not be in a position to
transfer science content from the climate change experience. However, students may
develop competencies in the context of the climate change learning experience that
help them to negotiate and make more informed decisions about different issues, such
as identifying a need for information or recognising potentially biased sources of
information. Research around the operationalisation and measurement of SSR represents
an attempt to explore the competencies that learners can develop in one issue context and
transfer to other contexts. We would expect that a learner would demonstrate similar SSR
competencies across varying issue contexts and that one’s SSR would improve in
response to opportunities to practice the competencies that constitute SSR.

Review of related literature

General frameworks for reasoning and SSI

Since the inception of SSI research (Fleming, 1986a, 1986b), scholars have been interested
in reasoning processes employed by students as they navigate complex issues. Early
attempts to frame this kind of work relied on ‘informal reasoning’ as a construct for
describing these thinking processes (Sadler & Zeidler, 2004). However, this proved to
be a difficult construct to use for tracking student development of practice because it
is conceptualised in several different ways and can be applied to any open-ended
problem, regardless of whether it is SSI-based. Even when confined to the analysis of
SSI, the construct took on a range of interpretations. For example, Yang and Anderson
(2003) classified students’ informal reasoning as social or scientific. Sadler and Zeidler
(2005) differentiated student informal reasoning patterns as rationalistic, emotive, and
intuitive. Wu and Tsai (2007) sorted students’ informal reasoning in terms of social,
economic, ecological, and scientific/technological orientations. While these classifi-
cations helped to qualitatively describe students’ thinking, the construct offered
limited potential for advancing efforts to systematically quantify reasoning.

Other researchers have framed explorationof student thinking about SSIwith other con-
structs that are not specific to SSI and therefore can be broadly interpreted. For example,
argumentation has been used to assess competencies associated with forming and advan-
cing positions on SSI (Dawson & Venville, 2010; Evagorou & Osborne, 2013). Ethical sen-
sitivity has been employed as a framework to explore the extent to which students’
reasoning in the context of SSI incorporates the consideration of moral and ethical dimen-
sions of the issues (Lee et al., 2013). Zeidler et al. (2009) studied epistemological develop-
ment through reflective judgment in the context of SSI teaching. As was the case with
informal reasoning; these constructs offered useful tools for exploring teaching and learn-
ing but did not provide precise frameworks for measuring changes in student
competencies.

Socio-scientific reasoning

SSR was developed as an attempt to more specifically operationalise what students
gain through SSI learning experiences and that might transfer to their negotiation
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of other SSI. The first study of SSR provided qualitative descriptions of ranges of
student abilities associated with SSR dimensions (Sadler et al., 2007). Since the first
articulation of SSR, several groups have explored other dimensions of the construct.
Simonneaux and Simonneaux (2009) suggested that SSR include identification of
risk/uncertainty and consideration of cultural and ethical principles. In follow-up
work, this group has suggested that argumentation and sustainability should be
dimensions of SSR (Morin et al., 2013, 2014). Karahan and Roehrig (2016) added
identification of social domains, cost–benefit analyses, and understanding the bound-
aries of issues. Kahn and Zeidler (2019) conducted a conceptual analysis of perspective
taking (one of the SSR competencies) and suggested ‘socioscientific perspective taking’
as its own construct as opposed to a dimension nested within SSR. In our analysis of
this work as well as our perspectives on learner thinking in the context of SSI, we
agree with the point that learners need to be able to do more than what is described
by the original SSR competencies when negotiating SSI, but some of what has been
suggested as additions to the construct (such as argumentation) seem to us to be
beyond the scope of what SSR is meant to capture. In other cases, such as Karahan
and Roehrig’s suggestions, we think that some of what is being called for as an expan-
sion of SSR is subsumed within existing SSR constructs.

A research group led by Eggert and Bögeholz (2010) has proposed the idea of ‘socio-
scientific decision making’ and developed instrumentation for assessing it (Eggert et al.,
2013). This work focuses on learner analyses of the pros and cons of competing decisions,
which is similar to the SSR competency of perspective taking. While there are conceptual
connections between SSR and socioscientific decision making, the measurement strat-
egies used and the associated research are distinct relative to one another.

Another thread of SSR research has focused on the extent to which students
improve their SSR competencies in response to SSI learning experiences. Relatively
short (one to three weeks) SSI units of instruction have not impacted SSR competen-
cies (Romine et al., 2017; Sadler et al., 2011). Longer term interventions are needed.
Preservice teachers in a semester long course that focused on how to teach with SSI
showed gains on SSR (Cansiz, 2014), and high school students participating in a six-
week field-based SSI summer course demonstrated significant gains in SSR (Kinslow
et al., 2019). However, these contexts for instruction were very similar to the contexts
for assessment. In the Cansiz (2014) study, the course focused extensively on nuclear
power and the scenario used to elicit students’ SSR was also related to nuclear power.
Therefore, while students showed growth in SSR, the study designs did not allow for
investigations of transfer. Also, both of these studies feature relatively small sample
sizes and qualitative data coded with ordinal rubrics. In order to advance SSR
research, measures that can be used with larger sample sizes would be useful.

Methods

Instrumentation

The structure of the QuASSR is described in detail in Romine et al. (2017) Briefly, the
QuASSR contains 10 two-tiered questions which are crossed between scenarios. The
first tier asks the student to respond to a yes/no question related to complexity of the
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issue, multiple perspectives on the issue, or the need for skepticism and additional knowl-
edge. For the second tier, we constructed responses based on qualitative data from inter-
views and open-ended surveys of SSR (Sadler et al., 2007, 2011). The questions within
each scenario have the same wording structure, and assess the same content, but relate
to the scenario. Two questions measure ability to see the complexity in SSI, two questions
measure perspective-taking, three questions measure ability to see the importance of con-
tinuous inquiry in the negotiation of SSI, and three questions measure students’ skepti-
cism. In this study, we used the scenario on fracking which was developed in the context
of an SSI-based instructional experience focusing on fracking (Romine et al., 2017) as
well as two additional scenarios: (1) Lake Nothan, which centred on a water management
issue, and (2) use of antibiotics, which focused on controversy around whether or not to
use antibiotics in agriculture (see the Supplementary Materials). The Lake Nothan scen-
ario was initially developed as a part of the first SSR study, and the use of antibiotics scen-
ario was first created as a part of a study of high school students’ learning (Sadler et al.,
2007). In both cases, these scenarios were originally developed to elicit open-ended
responses, so they were modified to fit the QuASSR format. Items were scored polyto-
mously (0 = low SSR; 1 =moderate SSR, and 2 = high SSR) Table 1.

Instructional context

The study was conducted in an introductory course, Science and Decision-making for a
Complex World (Alred & Dauer, 2020; Dauer & Forbes, 2016; Dauer et al., 2017) at a
large Midwestern university in the United States. The course was required for all
STEM and non-STEM students in the agriculture and natural resources college and is
described in detail in Dauer et al. (in press). Learning objectives of the course centred
on science-informed decision-making, information literacy and systems thinking.
During the course, students performed a structured decision-making exercise for four
SSI salient to the region. The focus was: (1) Should we conserve prairie dogs? (2)
Should we use biofuels? (3) How do we best solve food insecurity? and (4) Should we
further restrict the amount of water used for agriculture? As with previous interventions
where SSR was studied (Romine et al., 2017; Sadler et al., 2011), the course focused on
understanding SSI through the lens of multiple perspectives by examining social
factors that contribute to the controversy, and on finding, evaluating and applying scien-
tific data to consider potential solutions to complex SSI. Unique to this intervention was

Table 1. Structure of the QuASSR by scenarios, items, and competencies.
Fracking Nothan Antibiotic

Complexity Item 1 1 1
Item 2 2 2

Perspective-taking Item 3 3 3
Item 4 4 4

Inquiry Item 5 5 5
Item 7 7 7
Item 8 8 8

Skepticism Item 9 9 9
Item 10 10 10
Item 11 11 11

Note: Item 6 asks for students’ position on the SSI, and is not used for measurement of SSR.
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its 15-week length and the use of a structured decision-making framework that allowed
students to separately consider the role of scientific information and students’ priorities
for economic, environmental, ethical and cultural outcomes.

The course structure included lecture sections with approximately 120 students, and
smaller recitation sections. We collected data from students in three lecture sections, two
that were co-taught by one of the authors. Each lecture was characterised by active learn-
ing, peer instruction, and group discussion.

Participants

Two hundred seventy-three students (76% of the total enrolled in the three sections) con-
sented to research and completed the three SSR scenarios before and after 15 weeks of
instruction. One hundred seventy eight (65%) reported freshman standing, 63 (23%)
were sophomores, 19 (7%) were juniors, and 11 (4%) were seniors. Two hundred thirteen
(78%) reported pursuing a STEMmajor, 52 (19%) reported pursuing a non-STEMmajor,
and 8 (3%) did not declare a major.

RQ1: construct validity and dimensionality

The first question was addressed from three perspectives: (1) the correlation; (2) the 2-
faceted Rasch model, and (3) the multi-faceted Rasch model. The correlational perspec-
tive involved calculating Rasch measures for separate scenarios as if they were separate
instruments, and exploring the strength of correlation between the measures. This
exploration of inter-scenario reliability is similar in principle to inter-rater reliability:
high correlation between measures derived from separate scenarios lends evidence that
these are measuring the same thing.

The two-faceted Rasch approach, where person and item measures are mapped onto a
common scale, is the approach most commonly used in science education research (i.e.
Boone, 2016; Planinic et al., 2019). If used with items from multiple scenarios, this model
employs the restrictive assumption that individual items measure SSR independently of
the scenario from which they are derived. This assumption can then be falsified through
misfit of particular items with the model and inspection of item residuals to detect viola-
tions of the unidimensionality and local independence assumptions (Bond & Fox, 2001).

The multi-faceted Rasch approach is an expansion of the 2-faceted model allowing
positioning of person ability as well as item and scenario difficulty measures along a
common scale. In this model, consistency between items across particular scenarios is
evaluated by the displacement of scenario difficulty along the SSR scale (Linacre,
2009). In this context, the assumption that scenarios are of similar difficulty can be
falsified by inspecting the differences in the measures of scenario difficulty. Scenario
misfit with the Rasch model allows us to detect violations of the expected trend that stu-
dents with higher SSR are more likely to achieve higher measures on particular scenarios,
and conversely, that students tend to express lower levels of SSR on the harder scenarios.

Reliability and correlational analysis
Before undertaking correlational analysis, it was necessary to quantify the reliability of
each scenario. Measurement error attenuates the magnitude of the observable correlation
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(Spearman, 1904) and is therefore a limiting factor for yielding repeatable inferences
regarding group-wise and temporal differences. With a 3-scenario usage in this study,
we used Rasch reliability measures to quantify the internal consistency of the individual
scenarios as well as use of multiple scenarios. After reliability analysis, we calculated the
Pearson correlation, with Spearman’s (1904) correction for measurement error, between
Rasch logit measures. The higher the correlation between Rasch logit measures, the
stronger the case we can make that the respective scenarios measure a similar construct.

2-Faceted Rasch analysis
Exploration of construct validity with respect to the Rasch model entailed two stages.
First, we used the Rasch partial credit model (Masters, 1982) to model each separate scen-
ario with WINSTEPS software (Linacre, 2006). Systematic dependence of items on the
scenarios was first evaluated by inspecting the correlations of item residuals after
fitting the model. Parallel items from separate scenarios with residual correlations
above 0.7 indicate practically significant departure from local independence introduced
by the scenario context (Linacre, 2006). We used principal components analysis (PCA)
on residuals after the model was fit to the items across the three scenarios, on the pre-
and post-tests. If the items are measuring a single SSR dimension, then a first eigenvalue
at or below 2 is expected (Linacre & Tennant, 2009; Raiche, 2005). In the case of multi-
dimensionality, we inspected items with loadings above 0.5 onto the residual dimension
to better understand which items were responsible for the observed multidimensionality.
If it happened that these groups of items came from a particular scenario, this would
have suggested scenario-induced multidimensionality created by lack of transfer across
scenarios.

Validity with respect to the multi-faceted Rasch model
Combining all facets into a single model yields item estimates which are independent of
scenarios and testing instance, thereby giving a more generalisable look at the SSR con-
struct and how a multi-scenario QuASSR instrument measures it across time. Multi-
faceted Rasch analysis was used with FACETS software (Linacre, 2009) to study the hier-
archy and construct validity of items measuring the elements of SSR and their consist-
ency across scenarios and testing instances. We used a partial credit model, meaning
that each item was allowed to have its own unique ordinal scale. However, given our
focus on item consistency across scenarios, item step thresholds were assumed to be
unchanging within parallel items across scenarios.

In a typical two-faceted context, the Rasch model expects that the probability of a
student expressing high SSR should be proportional only to the student’s ability and
the item’s difficulty (Bond & Fox, 2001). When the ‘scenario’ facet is added, it is expected
that this likelihood will be affected in the same way by difficulty of the scenario. The same
goes with the ‘testing instance’ facet. For all facets, mean squares infit and outfit were
used as an indicator of the extent to which responses to each item, across each scenario
and testing instance, fit this expectation. These have expected values of 1, but Wright
et al. (1994) suggest that these indices can range between 0.5 and 1.5 for useful items
and scenarios.

8 W. L. ROMINE ET AL.



RQ2: changes in SSR

Our findings regarding the measurement properties of the QuASSR for this sample of
students informed the way we used the measures to evaluate the impact of instruction
on SSR. Since this was a pre–post design, we used a paired t-test on students’ Rasch
logit measures for the pre- and post-tests under the null hypothesis of no difference
in SSR between the beginning and end of instruction. Rejection of this null hypothesis
occurred when a significant difference at the 95% confidence level (2-tailed) was
detected.

RQ3: progression of SSR competencies

Evidence presented in previous work (Romine et al., 2017) suggests a potential pro-
gression of SSR competencies. Within an instructional context, this suggests that learning
with respect to the less difficult competencies like Complexity and Perspective-taking
may support mastery of the more difficult competencies like Inquiry and Skepticism. Pre-
vious work shows that the easiest aspect of SSR is identification of complexity. Slightly
harder is recognition that people with different interests can have unique perspectives
on issue-related information and potential solutions even if presented with the same
data. The most difficult tasks relate to recognition of the need for additional data
(inquiry) and demonstration of skepticism in the face of potentially biased information.
In addition to using the Wright map to evaluate the progression of these competencies,
we utilised path analysis to evaluate the extent to which changes in the less difficult com-
petencies due to the intervention supported changes in the more difficult competencies.
We used Mplus (Muthén & Muthén, 2007) as a tool for evaluating the support that our
data lend to this hypothesised progression. The assumptions of the path-analytic
approach (Kline, 2015) lend themselves well to evaluation of progressions. The assump-
tion of model existence, and absence of alternative models, is supported by prior quali-
tative (Kinslow et al., 2019; Sadler et al., 2007) and quantitative work related to SSR
(Romine et al., 2017). The assumptions of directional and temporal causality align
closely with the idea of a progression – namely that students will tend to identify with
simpler ideas before identifying with more complex ideas; or from a pedagogical perspec-
tive, that students should master simpler concepts before they can be expected to master
those of greater complexity. For these reasons, path analysis has demonstrated effective-
ness in evaluating the support data provide for hypothetical learning progressions (Todd
& Romine, 2017; Wilson, 2009a, 2009b).

Strength of evidence for the progression was framed in terms of the ability of our pro-
posed model to reproduce the covariance structure among the learning gains within each
competency. The model was fit using maximum likelihood estimation. To evaluate fit, we
first used the relatively conservative chi-square statistic with respect to the null hypoth-
esis that the model is supported by the data. Since this chi-square statistic tends to be
conservative, we also used the root mean square error of approximation (RMSEA), the
Tucker-Lewis Index (TLI), the Comparative Fit Index (CFI), and the standardised root
mean square residual (SRMR) as additional measures of fit. For a good-fitting model,
we expected an RMSEA value below 0.06, TLI and CFI values above 0.95, and an
SRMR value below 0.08 (Hu & Bentler, 1999).
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Results

RQ1: how does introduction of multiple assessment scenarios impact the
construct validity of the QuASSR, and how consistently do different scenarios
measure SSR as a unidimensional construct?

Reliability and correlational analysis
The items within the individual scenarios measured SSR unidimensionally (see Table 3),
and produced scale reliabilities above 0.59. Using multiple scenarios within a single test
increased reliability to above 0.7 for two scenarios and above 0.8 for three scenarios.

Correlational analyses of scenario measures at each time point (Table 2) support the
hypothesis of transfer across scenarios. When error due to lack of internal consistency
was removed, we found that the three scenarios were highly correlated on both the
pre- and post-tests. The correlations (on pre- and post-tests) between fracking and
Nothan scenarios were particularly high, and while correlations with the antibiotic scen-
ario were lower, the relationships across all scenarios suggested significant associations.

Analysis of item-Level inconsistency with respect to the 2-faceted Rasch model
The 2-faceted Rasch partial credit model indicated that use of all three scenarios within a
single testing does lead to some departure from unidimensionality and minor local
dependency between items, but the data largely suggested that these inconsistencies
were caused at the item level, not at the scenario level. On the pre-test, the highest
item residual correlation was 0.4 (between item 10 on the Fracking and Antibiotic scen-
arios), and on the post-test, the highest item residual correlation was 0.4 (between items 3
and 4 on the Fracking scenario). The former result suggests small scenario-driven item
dependency on the pre-test, whereas the latter result suggests small dependency of two
perspective-taking items on the fracking scenario. These sit well below 0.7, suggesting

Table 3. Measures of Rasch reliability and unidimensionality for single and multiple-scenario usage of
the QuASSR.

Pre-test Post-test
ρRasch First Eigenvalue ρRasch First Eigenvalue

Single-Scenario Fracking 0.61 1.78 0.67 1.68
Nothan 0.60 1.43 0.65 1.56
Antibiotic 0.59 1.58 0.67 1.45

Two-Scenario Fracking + Nothan 0.76 2.01 0.80 2.04
Fracking + Antibiotic 0.74 2.17 0.80 1.99
Nothan + Antibiotic 0.72 1.83 0.79 1.81

Three-Scenario Fracking + Nothan + Antibiotic 0.81 2.46 0.85 2.37

Table 2. Correlation between Rasch measures on individual scenarios after correction for
measurement error due to lack of internal consistency (reliability indices in Table 3).
Pre-test Fracking Nothan Antibiotic

Fracking 1
Nothan 0.985 1
Antibiotic 0.829 0.840 1
Post-test Fracking Nothan Antibiotic
Fracking 1
Nothan 0.994 1
Antibiotic 0.931 0.872 1
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that the scenarios do not introduce significant levels of systematic variance in the
QuASSR unrelated to SSR.

PCA on the Rasch residuals corroborated this conclusion (Table S1 in the Online Sup-
plementary Materials). Eigenvalues of 2.46 and 2.37 for the first residual factor on the pre
and post-tests, respectively, suggest a minor departure from unidimensionality (Linacre
& Tennant, 2009). Analysis of item loadings onto the first residual factor suggested that
systematic differences between scenarios is not to blame for this. Rather, on the pre-test,
item 9 falls slightly out of the main SSR dimension (fracking = 0.61, Nothan = 0.55, anti-
biotic = 0.53), whereas on the post-test, item 11 shows some distinction from the main
dimension (fracking = 0.50, Nothan = 0.47, antibiotic = 0.62). Both of these items
address the Skepticism component, suggesting that it may also be affected by latencies
related to, but peripheral to SSR. For example, a students’ nature of science understand-
ing is a variable that is different from SSR, but an individual’s nature of science under-
standing could impact the extent to which they are able to exhibit skepticism (Table 3).

Multi-faceted Rasch analysis of items, scenarios, and testing instances
The relative contribution of each facet to students’ SSR measures is detailed holistically
through the multi-faceted Rasch partial credit model (Table 4). We obtained separable
and reliable measures for students’ ability (ρRasch = 0.89, separation = 2.83) as well as
difficulty of items (ρRasch = 0.99, separation = 11.79), scenarios (ρRasch = 0.95, separation
= 4.34), and testing instances (ρRasch = 0.77, separation = 1.82). Item mean squares infit
values ranged from 0.88–1.19 while outfit values ranged from 0.82–1.25; both ranges
indicative that the items provide useful measures of SSR (Wright et al., 1994). Figure 1
shows that item difficulty measures were evenly-dispersed along the scale (−0.61–
0.60), indicating that the items provide useful information about students at multiple
levels of SSR competency. However, the spread of item measures is down-shifted relative
to the students’ ability measures, indicating that the QuASSR provides the most infor-
mation about students with lower levels of SSR.

Table 4. Rasch measures and mean squares fit indices for the QuASSR’s items, scenarios, and testing
instances.

Measure SE Infit Outfit

Item Facet
Complexity1 −0.61 0.04 1.03 1.03
Complexity2 −0.44 0.04 0.95 0.92
Perspective3 −0.44 0.03 0.90 0.82
Perspective4 −0.05 0.03 0.94 0.96
Inquiry5 0.60 0.03 1.14 1.19
Inquiry7 −0.11 0.03 0.95 0.93
Inquiry9 0.11 0.03 1.01 1.00
Skepticism10 0.19 0.03 0.88 0.87
Skepticism11 0.34 0.03 0.98 0.97
Skepticism12 0.41 0.03 1.19 1.25
Scenario Facet
Fracking −0.05 0.02 0.97 0.95
Nothan −0.06 0.02 0.99 0.98
Antibiotic 0.11 0.02 1.03 1.05
Instance Facet
Pre 0.03 0.01 1.05 1.06
Post −0.03 0.01 0.94 0.92
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Analysis of difficulty and mean squares fit for the scenario and testing instance facets
indicated that scenario context and testing instance had small-to-negligible effects on the
difficulty of the QuASSR. Along the scenario facet, we found mean squares fit indices
close to 1, indicating that the scenarios are not unduly biased towards high- or low-
SSR students. The difficulty spread of the scenarios was relatively small in comparison
to the spread of items, corroborating the correlational and 2-faceted Rasch analyses
suggesting that differential effects due to inconsistency between scenarios were likely
to be relatively small in comparison to the differences in the items embedded within.
We did find it interesting that while the fracking and Lake Nothan scenarios where
nearly identical in difficulty, it was harder for students to express high SSR for the anti-
biotic scenario.

Figure 1. Person-facet (Wright) map for the QuASSR showing the spread of student, item, scenario,
and testing instance (Time) measures on the same scale.
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RQ2: how does student SSR, as measured by the QuASSR, change in response to
SSI-based instruction?

Students’ mean SSR was measured at 0.38 logits (SD = 0.58 logits) on the pre-test. This
mean increased to 0.45 logits (SD = 0.69 logits) on the post-test. This gain in SSR over
the course of instruction was statistically significant (Gain = 0.071 logits, SD = 0.59 logits,
tdf=272= 1.98, p = 0.049, Cohen’s D = 0.12). The statistical significance just exceeds the
95% confidence threshold (2-tailed) and the effect size is low: however, this shows the
ability of the QuASSR to detect changes in SSR in the context of SSI-based instruction.

RQ3: how do the elements of SSR relate to one another in terms of a possible
progression of competencies?

The items addressing the complexity of SSR are located at the bottom of the Wright map,
indicating that even a student with relatively low SSR is likely to identify that the nego-
tiation of SSI is complex. A more proficient student begins to understand that parties
with different interests likely think about the issue differently. Finally, items addressing
inquiry and skepticism sit at the top of the scale. This suggests that growth in the lower-
level competencies like complexity may buttress growth in the higher-level competencies
of inquiry and skepticism. This hypothesis (Figure 2) cannot be rejected by the data (χ2df =
2 = 2.86, p = 0.24), and models the actual covariance closely (RMSEA = 0.040, CFI = 0.99,
TLI = 0.97, SRMR = 0.025).

All directional relationships (Figure 2) are positive and statistically significant, and the
structural equations have small-to-moderate effect sizes (Cohen, 1992). Given that the
model fits the data well, the direct effects imply that when students learn to identify
the complexity in SSI, this supports their ability to learn how to analyse the issue from
multiple perspectives (b = 0.27, SEb = 0.056, r2 = 0.073). When students increase their
ability with respect to perspective taking, then they can learn to exercise skepticism
when evaluating how different parties use data to support their positions (b = 0.31,
SEb = 0.055, r2 = 0.096) and that additional information and data would be helpful in
identifying the most effective solutions (b = 0.35, SEb = 0.053, r2 = 0.125).

Indirect effects from complexity toward inquiry and skepticism are also significant,
indicating that students’ learning to identify that SSI’s are complex boosts adoption of
skepticism (b = 0.084, SEb = 0.023) and understanding of the need for inquiry (b =
0.095, SEb = 0.025). The correlation between inquiry and skepticism is small and non-sig-
nificant (b = 0.015, SEb = 0.061) after accounting for growth in perspective-taking. This
indicates that after the common cause of perspective-taking is taken into account,
inquiry and skepticism are largely independent of each other.

Discussion

Measurement and dimensionality of SSR

Learning science content and developing competencies for scientific practices is thought
to prepare learners for dealing with complex issues in society that relate to science
(Bybee, 2014). However, learning science content and practices is not enough to substan-
tively impact the ways in which learners negotiate SSI (Romine et al., 2017; Sadler et al.,
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2011). While most approaches to science teaching prioritise student learning of science
content and practices, the goal of SSI teaching is to support student learning of canonical
science as well as the other factors necessary for the negotiation of SSI. The dearth of
research in this area is due in part to limited conceptual resources for framing these
kinds of investigations and even more limited tools for conducting empirical investi-
gations. SSR was developed as a construct to address the gap in conceptual resources
for this work, and the QuASSR was developed as a research instrument for empirical
investigations of SSR (Romine et al., 2017; Sadler et al., 2007).

Exploration of the assumptions of unidimensionality and local independence with
respect to the 2-faceted Rasch model lent insight into inconsistent parts of the
QuASSR. Although local dependency of items was found to be low, we did find some
departure from the assumption of unidimensionality when three scenarios were used
together (Table S1 in the Online Supplementary Materials). On the pre-test, Item 9
across all scenarios loaded onto the residual dimension (loadings between 0.53 and
0.61). We observed a similar pattern with Item 11 on the post-test (loadings between
0.47 and 0.62). Both Items address the Skepticism component of SSR. This finding is
interesting in its suggestion that not only does SSR transfer across scenarios, but the
measurement behaviour of the QuASSR transfers. Given the position of skepticism as
one of the higher-level SSR competencies, this repeatable inconsistency leads us to
propose that other factors related to SSR, such as nature of science understandings
and information literacy competencies, may come into play as students improve their
ability to negotiate SSI’s. For example, the extent to which a learner understands that
conducting and reporting research can be influenced by the researchers’ backgrounds,

Figure 2. Standardised empirical model for the progression of SSR, suggesting that learning of lower-
level SSR competencies supports learning of higher-level competencies in the context of our unit of
instruction. Path coefficients (b) with standard errors (SEb – in parentheses) are reported on the con-
necting arrows.
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experiences and biases, that is, the subjective nature of science (Khishfe, 2014), can
impact the ways in which the learner conceptualises an SSI (Sadler et al., 2004). It
seems likely that ideas about this aspect of the nature of science could interact in substan-
tive ways with the ways in which the learner demonstrates skepticism. This leads to a
question that is important from both measurement and theoretical perspectives: do we
treat skepticism as a component of SSR, or do we treat it as a skill that is separate
from, but correlated with, SSR? We believe that removing skepticism from SSR would
add unnecessary complexity and subjectivity to an already complex construct. For
example, it seems likely that nature of science ideas and information literacy competen-
cies relate to SSR, but there is not sufficient theoretical work to tease out where SSR
begins and these other ideas and competencies end.

Transfer of SSR

SSR represents reasoning competencies that theoretically should transfer from learning
opportunities related to one SSI to another SSI. If this holds, then two predictions
follow. (1) evidence of SSR elicited in response to different issue contexts should be equiv-
alent. (2) SSR competencies gained through an activity related to one SSI should be detect-
able in SSR assessments using contexts that differ from the issue explored during
instruction. If SSR is an outcome that can be applied across scientific disciplines and
types of issues, then adherence to this standard is an important validity criterion for assess-
ments that measure SSR. The correlational perspective shows that measures derived from
the three scenarios have high repeatability on both the pre- and post-tests. It is interesting
that the consistency between the fracking and Nothan scenarios (r > 0.9) exceeds the con-
sistency between these and the antibiotic scenario (r > 0.8). Themulti-faceted Raschmodel
suggests that this may be due partly to the fact that it was harder for students to reason
around the antibiotic issue than the fracking or water conservation issues.

The fit of the items, scenarios, and testing instances with the multi-faceted Rasch
model suggests that excessive bias in terms of student ability did not play a significant
role in the attenuation of reliability. However, the relative inconsistency of the antibiotic
scenario needs explaining. It is conceivable that a particular scenario context could be
biased in favour of students with particular backgrounds. For example, asking a class
to reason around a fracking scenario in a community where a portion of the students
are personally affected by the issue may result in inconsistency with other issues that
the students are less passionate about. This line of reasoning may explain why the stu-
dents found the antibiotic scenario harder to negotiate. Many of the students participat-
ing in this study hailed from agricultural communities which were affected directly by the
debate around antibiotic use in farm animals, so it makes sense that this proximity may
have increased the tendency of students to see this as a black and white issue. Indeed,
educational psychologists make it clear that for students to fully engage with controver-
sial SSI and apply objective reasoning, they must have an ability to regulate emotions as
well as detect and diffuse cognitive biases that influence reasoning (Sinatra & Seyranian,
2015; Sinatra et al., 2014). Transfer may vary in relation to the direct relevance of the
issue to the students’ vested interests.

These implications also extend to SSI instruction. Instructional content that conflicts
with students’ identity or worldview may produce negative emotions that could hinder
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engagement in evaluating evidence (Darner, 2019). Those seeking to promote transfer of
SSR need to be deliberate in choice of SSI topics, consider multiple topics that are both
proximal and distal to the students’ vested interests, and use tools to help recognise and
manage student emotions. For example, Darner (2019) calls for instruction based on self-
determination theory that could fill students’ psychological needs around identity, allow-
ing them to orient their learning towards accuracy of evidence rather than self-preser-
vation. Other researchers call for instruction that supports emotion through self-
regulated learning (Sinatra & Taasoobshirazi, 2018). While our results, along with
others who have documented the role emotions play in students’ construal of SSI
(Heddy & Sinatra, 2013), point to a possible need for SSI instructors and researchers
to create learning experiences that attend to student emotions, few within our subfield
have documented explicit efforts on this front.

SSR as a progression

Both in our prior work and in the present study, we observed a progression of difficulty
from identifying complexity to perspective-taking, and then to the higher-level competen-
cies of inquiry and skepticism. This led us to explore the idea that growth in the lower-
level competencies may buttress growth in the higher-level competencies. We find that
a path model expressing growth in these competencies in a sequential framework
(Figure 2) not only cannot be rejected by the data, but also provides high absolute and
relative fit with the data. The direct path coefficients between 0.27 and 0.35 indicate
large effects (Keith, 1993) and the r-square values indicate small-to-moderate effects of
changes in the lower-level competencies on changes in the upper-level competencies
(Cohen, 1992). Although these relationships do not necessarily suggest high predictive
power, they do suggest the importance of the sequential connectedness between these
competencies. But what does this tell us about how to cultivate SSR in students?

In our view, the most important aspect of the figure is the centrality of perspective-
taking. We want students to leave our classes understanding that SSI’s are complex,
but this is just a first step that cannot facilitate the higher-level competencies of SSR
directly. Learning experiences must emphasise the multiple perspectives around SSI’s
before students may be ready to engage in inquiry and skepticism. Science educators
have long noted the importance of understanding other’s viewpoints; for example,
Ratcliffe (1997) included this as one of the key features of well-reasoned decision-
making about SSI. Students often approach SSI with reductionist views that are
centred in one’s own position. Until students are open to multiple perspectives, they
may not see SSI as nuanced and solutions as tentative. This may hinder their ability to
recognise the need for information to resolve uncertainties about potential courses of
action in general, or to be willing to consider specific counter-evidence (Chinn &
Brewer, 1993). This suggestion aligns well with recent calls to highlight perspective-
taking as a key dimension of SSI-based teaching and learning (Kahn & Zeidler, 2019)

What does it take to improve and measure SSR?

Earlier work investigating college-aged students before and after a 1-week SSI unit found
no gains in SSR using the QuASSR instrument (Romine et al., 2017). In this study, we
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focus on a course which puts science literacy practices as the primary goal, as opposed to
most undergraduate science courses that prioritise science content. While SSI was a focus
of the course, SSR was not an explicit framework for course design; however, course
learning goals centred on science-informed decision-making and information literacy
which run parallel to SSR. Additionally, this course focused on science literacy goals
throughout a 15-week semester, allowing for learning time and extensive practice,
which is important for development of complex skills such as SSR (Cansiz, 2014).

Secondly, an important quality of SSR is that it is measuring competencies that are
meant to transfer across SSI contexts. In this study, the three QuASSR scenarios were
not used instructionally in the course, indicating that the learning gains were sophisti-
cated enough to be considered context transfer or near transfer in Haskell’s (2000) pro-
gressive stages. Toward maximising transfer, the course: (1) connected to students’ lived
experiences and prior knowledge, (2) required students to practice the same skills of
decision-making and finding and applying information multiple times in different con-
texts allowing them to generalise these skills, and (3) devoted time to meta-level discus-
sion about the role of science and values in SSI, the reasons for complexity in decision-
making about SSI, and the values and priorities of multiple stakeholders. All of these
course characteristics are known to increase the probability of transfer of skills to new
contexts (Bransford et al., 2000).

Limitations and conclusions

We conclude this article by acknowledging limitations of this study, and opportunities
these generate for future work. Although we found transfer of SSR between scenarios,
the findings are still limited by the structure of the assessment and instruction. We
still do not have evidence that students expressing high SSR on the QuASSR are able
to apply this generally to everyday interpretation of SSI like those they see in the
news. Further, we do not have evidence that a higher QuASSR measure makes a
student more likely to engage in SSR during active social interactions such as debates.
Looking at these issues around transfer to more authentic settings poses an interesting
line of research.

The context experienced by the students in this study also poses a limitation on the
extent to which we can generalise findings particularly with respect to skepticism. The
framing of SSR and skepticism is consistent with constructivist perspectives which
hold that knowledge does not exist independent of the learner (Kuhn, 1970). Further,
science is value-laden and the production of scientific knowledge is necessarily depen-
dent on socio-cultural norms and influences (Kuhn, 1970). While constructivism is
appealing from a philosophical perspective, it can present challenges when teaching
with SSI by obscuring how one idea may be more viable than another, encouraging rela-
tivistic thinking (Phillips, 1995). These challenges are particularly relevant in the current
post-truth era (McIntyre, 2018) where many people choose ‘facts’ to fit their beliefs. In
response, science instructors may tend toward holding up scientific evidence as a
source that holds more objectivity than other kinds of information generated from cor-
porations, political entities or commercial media with targeted audiences.

The structured decision-making process used in the course from which we collected
data positions information in a more positivist light than the skepticism dimension of
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SSR, in that it is meant to be neutral, objective and predict consequences of actions.
Therefore, the course content may have been aligned with lower-level SSR learning
goals as measured by the QuASSR. In other words, given the constructivist positioning
of SSR, and use of SSI’s in the classroom in general, nesting these approaches within a
course focused on using science information in structured decision-making may
produce different results than if these approaches were nested within a course that
actively promoted more constructivist views. It would be interesting to compare
similar interventions in courses adopting different epistemologies to explore effects on
how students respond to the QuASSR and its ability to measure changes in SSR over time.

Next, use of the QuASSR for middle school, high school, and more senior science stu-
dents has yet to be explored. Within the epistemological constraints outlined above, our
data show promise with regards to the ability of the QuASSR to capture the transfer of
SSR across different scenarios. With respect to measurement of change, modelling SSR as
a progression of competencies shows the centrality of perspective-taking that needs to be
considered as we develop interventions aimed at helping our students reason around SSI.
Measurement of SSR and understanding SSR as a construct go hand-in-hand, and using
one to understand the other will be a continuous back-and-forth process for some time to
come. However, we are in a strong position to start posing testable theoretical questions
and experiments regarding the role experience plays in how we learn to negotiate SSI.
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