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ABSTRACT

Scientific findings and innovations play an important role in a range of decisions faced by nonscientists, yet little is known about the skills that
nonscientists need in order to read and evaluate scientific evidence. Drawing on research in public understanding of science, cognitive deve-
lopmental psychology, and behavioral decision research, we develop an individual difference measure of scientific reasoning skills, defined as
the skills needed to evaluate scientific findings in terms of the factors that determine their quality. We present the results of three studies
assessing its psychometric validity. Our results indicate that the Scientific Reasoning Scale (SRS) is internally consistent and distinct from
extant measures of scientific literacy. Participants with higher SRS scores are more likely to have beliefs consistent with the scientific consen-
sus on potentially contentious issues, above and beyond education, political and religious beliefs, and scores on two widely used measures of
scientific literacy. Participants with higher SRS scores also had better performance on a task requiring them to analyze scientific information.
Our results suggest that the SRS provides a theoretically informed contribution to decoding lay responses to scientific results and controver-
sies. Copyright © 2015 John Wiley & Sons, Ltd.
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Scientific findings and innovations play an important role in
everyday life, from the technologies we use to the evidence
we cite in political debates. We exercise our ability to assess
scientific evidence whenever we consult the package insert
of a pharmaceutical, debate the risks of climate change, or
read a news story on the economic impact of new healthcare
laws. However, despite the importance of assessing scientific
evidence in everyday life, it is unclear to what extent lay peo-
ple possess and apply this ability. Surveys of the American
population reveal wide variation in scientific knowledge
(National Science Board, 2014), and sizeable fractions of
the population hold beliefs at odds with scientific evidence
on topics such as global warming and human evolution
(Funk & Rainie, 2015).

Differences in how lay people interpret scientific evi-
dence have been studied with various tests of scientific liter-
acy, defined as, the “capacity to use scientific knowledge
to…draw evidence-based conclusions” (OECD, 2003, pp.
132–133). These differences have been attributed to differ-
ences in general and technical education (Miller, 1998,
2002), information sources (Taber & Lodge, 2006), sociocul-
tural background (Kahan et al., 2012), and cognitive styles
such as actively open-minded thinking (Stanovich & West,
1997). Here, we focus on a largely unexplored factor poten-
tially affecting lay interpretations of scientific evidence:
scientific reasoning skills. To that end, we develop an indi-
vidual difference measure meant to capture the ability to
evaluate the quality of scientific evidence.

Such a measure could help to clarify whether people who
reject the scientific consensus on an issue cannot assess the
quality of scientific evidence or whether their interpretation
of that evidence is biased by their belief in claims that most

scientists would consider false or incomplete. To illustrate,
consider a study by Downs, Bruine de Bruin, and Fischhoff
(2008) assessing parents’ mental models of childhood vacci-
nation. They found that some skeptics’ mental models of the
processes determining vaccine safety included concerns
about the quality of reporting for potential side effects. An
assessment of pro-vaccination and anti-vaccination commu-
nications found that opponents of vaccination stirred these
doubts, whereas proponents failed to address them. If skep-
tics have scientific reasoning skills, then their views might
change if they receive this missing information regarding
the reporting of vaccine side effects in a credible, compre-
hensible, and respectful way (Fischhoff, 2013). On the other
hand, if skeptics do not have scientic reasoning skills, then
lack of this knowledge is incidental to their opposition. In
this case, the evidence will not speak for itself, and increas-
ing vaccination rates will require more assertive means than
providing additional information.

The measure developed here, the Scientific Reasoning
Scale (SRS), draws on three areas of research. The philoso-
phy and methodology of science informed our normative
analysis of the skills needed to evaluate scientific evidence;
public understanding of science research informed our
descriptive analysis of the knowledge and skills measured
by existing tests of scientific literacy; and cognitive develop-
mental psychology informed our prescriptive analysis of how
individuals develop the ability to think like a scientist. Our
normative analysis defines scientific reasoning skills as those
needed to evaluate scientific findings. After reviewing prior
research, we describe the development of the SRS, followed
by three studies assessing its psychometric validity.

Scientific literacy and scientific thinking
In 1978, the National Science Foundation invited Jon Miller
and Kenneth Prewitt to develop a survey instrument
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measuring public understanding of and attitudes toward
science and technology (Miller, 2004). These questions were
initially included on the National Center for Science and
Engineering Statistics’ Survey of Public Attitudes Toward
and Understanding of Science and Technology. Since 2006,
they have constituted a module in the General Social Survey.
Responses are reported in the National Science Board’s
(NSB) biennial report Science and Engineering Indicators.

The survey measures two dimensions of scientific literacy,
based on Miller’s research. The Trend Factual Knowledge of
Science Scale (TFKSS) assesses knowledge of scientific con-
cepts, using true–false or multiple-choice questions, such as
“True or False? The center of the Earth is very hot.” (NSB,
2014). The items on this scale include both contemporary
topics (e.g., lasers and antibiotics) and fundamental concepts,
under the assumption that “the individual who does not
comprehend basic terms like atom, molecule, cell, gravity, or
radiation will find it nearly impossible to follow the public
discussion of scientific results” (Miller, 1983, p. 38). The
Understanding of Scientific Inquiry Scale (USIS) assesses knowl-
edge of the scientific method, including experimental design,
probability, and the scientific method, using multiple-choice
and open-ended questions such as “Can you tell me, in your
own words, what it means to study something scientifically?”
(NSB, 2014). These two scales have been widely used in the
field of public understanding of science (e.g., Allum, Sturgis,
Tabourazi, & Brunton-Smith, 2008; Sturgis & Allum, 2004).

The SRS developed here extends this previous work in
two ways. First, it derives its items from a normative analysis
of the skills needed to demonstrate competence in evaluating
scientific evidence. Some of these skills are measured by the
USIS. However, our normative analysis identified topics
addressing not just the agreed-upon process of conducting
science, which is measured by the USIS, but also the potential
weaknesses of scientific research arising from shortcomings
in its processes or results. These weaknesses are essential to
the critical reasoning needed to evaluate imperfect evidence
and controversies and are not addressed by current tests.

Second, the SRS integrates research from cognitive devel-
opmental psychology on scientific reasoning skills. Cogni-
tive developmental psychologists have identified two key
dimensions underlying individuals’ ability to perform scien-
tific inference, based on experiments requiring individuals
to act as amateur scientists, generating and testing hypotheses
(Zimmerman, 2000). The first involves knowledge of scien-
tific facts, of the sort taught in school (and tested on the
TFKSS). For example, Vosniadou and Brewer (1992) exam-
ined children’s understanding of the shape of the earth, with
questions such as “Can you fall off the edge?” The second
dimension concerns the “reasoning processes that permeate
science: induction, deduction, experimental design, causal
reasoning, concept formation, hypothesis testing, and so on”
(Dunbar & Klahr, 2012, p. 611), using the “general skills
implicated in experimental design and evidence evaluation”
(Zimmerman, 2000, p. 104; see also Klahr & Dunbar, 1988;
Wason & Johnson-Laird, 1972; Toplak & Stanovich, 2003).

These two dimensions parallel those identified by public
understanding of science researchers. Nonetheless, the two
literatures rarely cite one another, perhaps because cognitive

researchers are concerned with the developmental process,
whereas public understanding of science researchers are con-
cerned with its products. Presumably, both knowledge and
reasoning skills are needed to evaluate scientific evidence,
especially when scientists report weak evidence or when
strong evidence is attacked (e.g., for political reasons). With-
out basic knowledge, individuals cannot grasp the topics;
without inferential skills, individuals cannot establish a criti-
cal perspective where scientists fail to realize or report the
imperfections with their work (e.g., experiments with con-
founds and improper statistical methods). One must be able
to think like a scientist in order to evaluate scientific re-
search, and the SRS is designed to measure this ability.

The scientific reasoning scale
We develop and validate a theoretically informed individual
difference measure of scientific reasoning skills. Our measure
requires participants to apply their reasoning skills to analyze
evidence (as in cognitive developmental research), but in the
form of a survey allowing ready calculation of individual
scores (as in public understanding of science research). After
defining the domain of scientific reasoning skills, we develop
items to represent it and then assess the convergent, divergent,
and predictive validity of the resultant scale in terms of corre-
lation of scores on it with nomologically related constructs
including education, numeracy, cognitive ref lection ability,
and actively open-minded thinking. We also compare SRS
scores with ones on two widely used scientific literacy scales,
in order to assess the extent to which the SRS draws upon
skills not measured by previous tests. Finally, we examine
whether SRS scores predict the following: (1) beliefs consistent
with the scientific consensus and (2) performance on a task
requiring the evaluation of scientific information.

STUDY 1: A DEVELOPMENTAL STUDY

Studies 1a–1d used quantitative and qualitative data to
develop test items for the SRS, using American adults drawn
from Amazon.com’s Mechanical Turk (MTurk). Study 1a
had participants (N=397) respond to an initial set of test
items, in order to assess their reliability and validity. Study
1b refined those draft test items by eliciting qualitative feed-
back from small samples and iteratively updating test items.
Study 1c replicated Study 1a with the revised items
(N=395) to test whether the revision improved the items.
Study 1d replicated Study 1b, eliciting qualitative feedback
on a small number of test items that exhibited poor psycho-
metric properties in Study 1c.

STUDY 1A

Study 1a defined the domain of scientific reasoning, devel-
oped items to measure it, and administered these preliminary
test items to a sample of American adults. We predicted that
respondents with higher scores on these items would have
high self-reported education, numeracy, cognitive ref lection
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ability, and scores on the existing scientific literacy mea-
sures. We also predicted that those individuals would be
more likely to hold beliefs consistent with the scientific
consensus.

Method
Development of scientific reasoning scale test items
We defined the domain of scientific reasoning in terms of
concepts emphasized in research method textbooks and
guidelines for assessing research quality. We first identified
concepts from textbooks for research method courses (Hoyle,
Harris, & Judd, 2002; Reis & Judd, 2000; Trochim &
Donnelly, 2007), looking for concepts relevant to multiple
disciplines. We sought ones related to both internal validity
(i.e., quality) and external validity (i.e., relevance and gener-
alizability). We grouped similar concepts and sought general
versions of specific concepts. We then added concepts from
two prominent methodologies for assessing the quality and
validity of scientific research, those published by the
Cochrane Group (and endorsed by the Agency for Healthcare
Research and Quality) (Barkhordarian et al., 2013) and the
Numeral Unit Spread Assessment Pedigree criteria for evalu-
ating the strength of sciences (Funtowicz & Ravetz, 1990;
see also Fischhoff & Davis, 2014). The resulting list,
displayed in Table 1, had 20 concepts.

We next wrote test items for each concept, comprised of
one-sentence to three-sentence scientific scenarios followed
by a statement that respondents must evaluate as either true
or false. Items were written so as to avoid specialized termi-
nology. Each item had a unique scenario containing subject
matter from a specific area of science (e.g., psychology, en-
vironmental science, marketing) to ref lect the concrete cir-
cumstances in which scientific reasoning is required, but
we avoided politicized domains, such as climate science.

Participants
Four hundred and one American adults were recruited online
via MTurk and paid $2.50. Four of them failed two data qual-
ity assurance questions drawn from Meade and Craig (2012)
and were excluded from subsequent analyses. Based on self-
reports, among the remaining 397 adults, 51% were male,
77% Caucasian, and 45.4% had at least a Bachelor’s degree.
Age was elicited in ranges: 17% reported being between 18
and 24; 44% between 25 and 34; 20% between 35 and 44;
11% between 45 and 54; 7% 55 or older.

Materials and procedure
Participants completed an online survey that included the 20
preliminary SRS items, administered in randomized order to
each participant, followed by (in randomized order) the
three-item Cognitive Reflection Test (Frederick, 2005), a
two-item numeracy test (drawn from Peters, Dieckmann,
Dixon, Hibbard, & Mertz, 2007), and the TFKSS (eight
items; NSB, 2014) and USIS (three items; NSB, 2014).
Descriptive statistics for these measures are reported in
Table 2. Participants then answered questions about their
political identity (on a 5-point scale from very conservative
to very liberal) and their beliefs on five controversial
scientific issues (Table 2). Beliefs about climate change were
assessed with a one-item measure drawn from the Global
Warming Six Americas scale (Leiserowitz, Maibach,
Roser-Renouf, & Smith, 2011), using a 9-point scale from
extremely sure that global warming is occurring to extremely
sure that global warming is not occurring. Beliefs about the
safety of genetically modified foods and vaccines were
assessed on a 5-point scale from very safe to very unsafe.
Beliefs about the existence of human evolution and the Big
Bang were elicited with true/false questions.

Results
Scientific reasoning scale preliminary item analysis
On average, participants answered 14.7 of the 20 preliminary
SRS questions correctly, SD=2.7. On individual items, the
percent correct ranged from 29% (random assignment to con-
dition) to 95.7% (response bias). Tetrachoric correlations
revealed that two items, reliability and directness, were nega-
tively or weakly correlated with most of the other 18 questions.
Further consideration suggested that these two items were
poorly formulated, and they were removed from subsequent
analyses. On average, participants answered 13.3 of the
remaining 18 questions correctly, SD=2.7 (Table 2).

Inter-item reliability
Cronbach’s alpha for the preliminary 18-item scale was
α=0.65. By way of perspective on this value and others
reported later, alpha values tend be lower for scenario-based
measures such as the SRS, because scenarios can present
only one instance of the category that they seek to represent
(Tangney, 1996), and for measures with heterogeneous
domains, such as the present one. As a result, John and
Benet-Martinez (2000) recommend that “if one wants to

Table 1. Factor analysis of the Scientific Reasoning Scale

Concept Factor loading Item–total r

Retained items
Blind/double blind 0.46 0.47
Causality 0.59 0.53
Confounding variables 0.52 0.48
Construct validity 0.39 0.43
Control group 0.46 0.45
Ecological validity 0.63 0.55
History 0.60 0.54
Maturation 0.63 0.55
Random assignment to condition 0.60 0.53
Reliability 0.53 0.50
Response bias 0.51 0.48

Items omitted from final scale
Attrition
Directnessa

Empirical basisa

Measurement error
Methodological rigora

Natural variation
Selection bias
Statistical power
Validationa

Note: aConcepts drawn from Fischhoff and Davis (2014).
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measure broader constructs, one should probably include a
larger number of items to compensate for the greater content
heterogeneity” (p. 347). On the other hand, alpha values tend
to increase with both the number of items in a scale and with
the average item intercorrelation (Cortina, 1993). We report
both alpha values and number of items throughout.

Construct validity
Correlations of the preliminary 18-item scale with conver-
gent measures confirmed our predictions1 (Table 3). Individ-
uals who scored higher on the preliminary SRS had higher
scores on the Cognitive Ref lection Test (r=0.36,
p< 0.001) and on the numeracy measure (r=0.28,
p< 0.001). Participants with higher SRS scores also had
higher scores on the two scientific literacy tests (TFKSS:
r=0.39, p<0.001; USIS: r=0.36, p< 0.001).2 Individuals
with higher SRS scores reported higher levels of education
(r=0.30, p<0.001). Among those who indicated completing
at least some college (N=344), individuals with higher SRS
scores reported having taken more science classes (r=0.29,
p< 0.001).

Demographic correlates
Preliminary SRS scores were positively correlated with age
(r=0.14, p< 0.01), and with being more politically liberal
(r=0.12, p=0.02) (Table 3). No gender difference was
observed (t(395) = 0.51, p=0.61).

Predictive validity
We used partial correlations to assess the relationship between
preliminary SRS scores and scientific consensus beliefs, control-
ling for self-reported education and political liberalism, in order
to reduce the risk that our results are driven by sample demo-
graphics. Table 4 presents these results. We find that individuals
with higher preliminary SRS scores had higher scores on a com-
posite belief measure, constructed by standardizing responses on
each of the five beliefs and summing the standardized responses,
with higher scores indicating a greater tendency to hold consen-
sus beliefs (r=0.17, p<0.001). That pattern varied some across
the specific beliefs. Individuals with higher SRS scores were
more likely to believe that vaccines (r=0.22, p<0.001) were
safe, consistent with the scientific consensus, but were no more
likely to believe in global warming (r=0.06, p=0.21) or in the
safety of genetically modified foods (r=0.08, p=0.08). Logistic
regressions revealed that, controlling for self-reported education
and political liberalism, higher SRS scores were associated with
a greater likelihood of believing in the Big Bang (B=0.10,
p=0.04), but not in human evolution (B=0.10, p=0.07).

Incremental predictive validity
To assess how the preliminary SRS differs from the two mea-
sures of scientific literacy, we regressed TFKSS and USIS

Table 2. Descriptive statistics and internal consistency for the SRS, convergent measures, scientific consensus beliefs, and demographic
characteristics

Measure

Preliminary scale Revised scale Final scale

Study 1a Study 1c Study 2 Study 3
(n= 397) (n= 395) (n= 270) (n= 294)

M (SD) α M (SD) α M (SD) α M (SD) α

Scale
SRS 13.3 (2.7) 0.65 13.1 (3.0) 0.66 6.7 (2.6) 0.70 7.0 (2.6) 0.71
CRT 1.8 (1.2) 0.80 1.7 (1.2) 0.73 1.5 (1.3) 0.80 — —
Numeracy 1.7 (0.54) 0.23 4.1 (1.2) 0.55 4.0 (1.2) 0.52 — —
AOT — — — — — — 38.2 (6.2) 0.80
TFKSS 6.9 (1.2) 0.37 6.9 (1.2) 0.42 6.9 (1.2) 0.44 — —
USIS 1.9 (0.85) 0.34 1.9 (0.90) 0.38 2.0 (0.91) 0.41 — —

Scientific consensus belief
Global warming 7.2 (1.8) — 7.3 (1.8) — 7.1 (1.9) — 6.7 (2.0) —
Genetically modified foods 3.0 (1.3) — 3.0 (1.3) — 3.1 (1.3) — 3.2 (1.2) —
Vaccines 4.2 (1.0) — 4.1 (1.0) — 4.0 (1.0) — 4.2 (1.0) —
Human evolution 0.78 (0.42) — 3.7 (1.5) — 3.8 (1.4) — 3.6 (1.4) —
The Big Bang 0.78 (0.42) — 3.1 (1.7) — 3.3 (1.7) — 3.0 (1.7) —

Demographic characteristic
Political liberalism 3.4 (1.2) — 3.4 (1.1) — 3.4 (1.2) — 3.4 (1.2) —
Religiosity — — 2.4 (1.3) — 2.5 (1.5) — 2.3 (1.6) —

Note: The preliminary SRS in Study 1a contained 18 items, the revised SRS in Study 1c contained 17 items, and the final SRS contains 11 items. All scientific
consensus beliefs were elicited on a 5-point scale, with a 5 indicating strong belief in the consensus, except for global warming (9-point scale) and human evo-
lution and the Big Bang in Study 1a (true/false). Political liberalism was elicited on a 5-point scale from very conservative to very liberal; religiosity was elicited
on a 5-point scale from strongly disagree to strongly agree to the statement, “I consider myself to be a religious person.”
SRS, Scientific Reasoning Scale; CRT, Cognitive Ref lection Test; AOT, Actively Open-minded Thinking; TFKSS, Trend Factual Knowledge of Science Scale;
USIS, Understanding of Scientific Inquiry Scale.

1Where our statistical tests involve a priori predictions, we report p-values
uncorrected for Type I error in the text. However, because there were many
of them, Tables 3 and 4 also report p-values corrected for Type I error using
a Bonferroni correction.
2The small size of these correlations can be partly explained by the low reli-
abilities of the TFKSS and USIS (Table 2). The expected upper limit of the
correlation for a measure is the square root of its reliability (John & Benet-
Martinez, 2000). All reported correlations between the measures and others
are below these expected upper limits.
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scores on the composite belief measure, including self-
reported education and political liberalism in the model as de-
mographic controls. We then reran that regression, this time
including SRS scores as a regressor, and found that including
SRS scores improved model fit (ΔR2 = 0.01, F(1, 391) = 4.55,
p=0.03) (comparing the first two columns in Table 5). We
report the results of including SRS scores on model fit when
predicting belief in the safety of vaccines (ΔR2 = 0.027,
F(1, 391) = 11.8, p<0.001), the safety of genetically modi-
fied foods (ΔR2 = 0.003, F(1, 391) = 1.26, p=0.26), global
warming (ΔR2 = 0.003, F(1, 391) =1.27, p=0.26), human
evolution (Δpseudo-R2 = 0.003, χ2(1) = 1.29, p=0.26), and
the Big Bang (Δpseudo-R2 = 0.0001, χ2(1) = 0.04, p=0.84).

Discussion
Study 1a established the plausibility of the SRS. The preliminary
SRS items possessed reasonable internal reliability, as measured
by Cronbach’s alpha. The preliminary SRS also possessed good

construct validity, as indicated by predicted correlations with
self-reported education, numeracy, cognitive reflection ability,
and existing scientific literacy measures. Additionally, it pre-
dicted beliefs consistent with the scientific consensus above
and beyond two widely used measures of scientific literacy.

As mentioned, two preliminary SRS items were removed
from the analyses because of negative correlations with other
items. As a result, the current measure omits two concepts
identified as key to scientific reasoning (reliability and direct-
ness). Absent evidence on how participants interpreted these
items, it is unclear whether they were simply worded poorly,
or if those two concepts diverge from the other 18. Study 1b
used qualitative methods to refine all the preliminary items.

STUDY 1B

We refined the preliminary SRS test items by eliciting qual-
itative feedback, in order to improve their clarity and ensure

Table 3. Bivariate correlations of the SRS with convergent measures and demographic characteristics

Preliminary scale Revised scale
Final scale

Study 1a Study 1c Study 2 Study 3
Variable (n= 397) (n= 395) (n= 270) (n= 294)

Convergent measure
CRT 0.36*** 0.38*** 0.45*** —
Numeracy 0.28*** 0.36*** 0.40*** —
Education 0.30*** 0.31*** 0.30*** 0.30***
AOT — — — 0.41***
TFKSS 0.39*** 0.40*** 0.42*** —
USIS 0.36*** 0.43*** 0.43*** —

Demographic characteristic
Age 0.14** 0.09 0.13* 0.18**
Political liberalism 0.12* 0.14** 0.11 0.05
Religiosity — �0.02 0.11 �0.08

Note: The preliminary SRS in Study 1a contained 18 items, the revised SRS in Study 1c contained 17 items, and the final SRS contains 11 items. We report
uncorrected p-values in this table. We also applied a Bonferroni correction to maintain a family-wise error rate (within study) of 0.05. We observe that all cor-
relations reported in this table with uncorrected p-values that are significant at the p< 0.01 level are also significant when we apply the Bonferroni correction,
using a Bonferroni-adjusted alpha level of 0.007 per test in Study 1a (0.05/7), 0.006 in Studies 1c and 2 (0.05/8), and 0.01 in Study 3 (0.05/5).
SRS, Scientific Reasoning Scale; CRT, Cognitive Ref lection Test; AOT, Actively Open-minded Thinking; TFKSS, Trend Factual Knowledge of Science Scale;
USIS, Understanding of Scientific Inquiry Scale.
*p< 0.05, **p< 0.01, ***p< 0.001.

Table 4. Partial correlations of the Scientific Reasoning Scale (SRS) with scientific consensus beliefs

Preliminary scale Revised scale
Final scale

Study 1a Study 1c Study 2 Study 3
Belief (n= 397) (n= 395) (n= 270) (n= 294)

Composite measure 0.17*** 0.22*** 0.32*** 0.29***
Global warming 0.06 0.06 0.01 0.08
Genetically modified foods 0.08 0.21*** 0.32*** 0.19**
Vaccines 0.22*** 0.15** 0.29*** 0.19***
Human evolution 0.10a 0.23*** 0.21*** 0.26***
The Big Bang 0.10*a 0.03 0.06 0.16**

Note: The preliminary SRS in Study 1a contained 18 items, the revised SRS in Study 1c contained 17 items, and the final SRS contains 11 items. We report
partial correlations controlling for political conservatism and self-reported education (Study 1a) as well as religiosity (Studies 1c, 2, and 3). We report uncor-
rected p-values in this table. We also applied a Bonferroni correction to maintain a family-wise error rate (within study) of 0.05. We observe that all correlations
reported in this table with uncorrected p-values that are significant at the p< 0.01 level are also significant when we apply the Bonferroni correction, using a
Bonferroni-adjusted alpha level of 0.008 per test (0.05/6).
aBecause belief in human evolution and the Big Bang were measured as binary variables in Study 1a, betas from logistic regressions are reported rather than
partial correlations.
*p< 0.05, **p< 0.01, ***p< 0.001.
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that they did not lead participants to make unintended
assumptions or conclusions. To that end, we conducted 10
rounds of qualitative data collection, starting with the 18
items reported in the Study 1a analyses and revisions of the
two problematic items. On the first round of data collection,
we recruited 100 participants from MTurk. Participants were
paid $0.50. Demographic information was not collected.
Each participant answered five randomly selected SRS
questions (out of the 20). They were asked to think aloud
(in writing) as they interpreted the scenario and reasoned
about their answer to the true/false statement, with the
instruction, “Why did you select that answer? Please try to
describe your thoughts as clearly as you can, using full
sentences if possible.”

Responses were pooled by item and then coded by the
first author in terms of whether they contained a misinterpre-
tation of the question text.3 Table 6 has examples of
responses with and without such misinterpretation. The ques-
tion was accepted as worded if an item met the following
criteria: (i) most participants who answered correctly pro-
vided a reason supported by the question text and (ii) most
participants who answered incorrectly provided a reason for
their answer that did not ref lect misinterpretation of the ques-
tion. If, however, an item did not meet these criteria, it was
revised based on the qualitative data and underwent another
round of qualitative testing. Each round of testing involved
new participants, with at least 20 responses per question. In
each round, participants were paid $0.50. Study 1c evaluated
the 20 revised questions.

STUDY 1C

Study 1c repeated Study 1a with the revised test items.

Method
Participants
We recruited from MTurk a sample of 400 American adults
who had not participated in Study 1a. Participants were paid
$2.50. Out of this initial sample, five were excluded based on
their answers to the two data quality assurance questions
drawn from Meade and Craig (2012). According to self-
reports, in the final sample of 395 adults, 52% were male;
12% were between the ages of 18 and 24, 48% were between
25 and 34, 24% were between 35 and 44, 8% were between
45 and 54, and 8% were 55 or older; 78% were Caucasian;
and 49% had received at least a Bachelor’s degree.

Materials and procedure
As in Study 1a, all participants first answered the 20 revised
SRS items, with the order determined randomly for each partic-
ipant. Next, all answered, in random order, the Cognitive
Reflection Test, a six-item measure of numeracy (Peters et al.,
2007), the TFKSS (NSB, 2014), and the USIS (NSB, 2014).

The questions on political orientation and beliefs in the
scientific consensus were the same as in Study 1a, except
that beliefs in human evolution and the Big Bang were elicited
on a 5-point scale from very likely to very unlikely (to have
occurred), in order to capture greater variation in participant be-
liefs. In addition, because beliefs on scientific controversies are
often related to religious beliefs (Pew Research Center, 2013;
Scheufele, Corley, Shih, Dalrymple, & Ho, 2009), we added a
question asking participants to what extent they agreed or
disagreed with “I consider myself to be a religious person”
on a 5-point scale from strongly agree to strongly disagree.
Table 2 presents descriptive statistics on these measures.

Results
Scientific reasoning scale preliminary item analysis
On average, participants answered 13.1 of the 20 revised SRS
items correctly, SD=3.01. Tetrachoric correlations revealed
that three items, random assignment to condition, natural var-
iation, and methodological basis, were negatively or weakly

Table 5. Predictors of scientific consensus beliefs

Variable

Scientific consensus beliefs composite measure

Preliminary scale Revised scale Final scale
Study 1a Study 1c Study 2

Constant �7.6*** �8.2*** �7.6*** �7.4*** �9.6*** �9.3***
TFKSS 0.42** 0.34* 0.55*** 0.44** 0.43** 0.31*
USIS 0.21 0.12 0.33* 0.20 0.59** 0.42*
Education �0.06 �0.11 0.12 0.04 0.39** 0.29*
Political liberalism 1.3*** 1.3*** 0.99*** 0.96*** 1.1*** 1.1***
Religiosity — — �0.31** �0.34** �0.14 �0.12
SRS 0.13* 0.21** 0.22**
R2 0.25 0.26 0.24 0.25 0.36 0.38
F 32.8*** 27.4*** 24.3*** 22.0*** 29.1*** 27.0***
ΔR2 0.01* 0.02** 0.03**

Note: N = 397 in Study 1a, 395 in Study 1c, and 270 in Study 2. The preliminary SRS in Study 1a contained 18 items, the revised SRS in Study 1c contained 17
items, and the final SRS contains 11 items.
SRS, Scientific Reasoning Scale; TFKSS, Trend Factual Knowledge of Science Scale; USIS, Understanding of Scientific Inquiry Scale.
*p< 0.05, **p< 0.01, ***p< 0.001.

3We used a single coder because: (1) our qualitative codes are not used
as outcome measures, but as guides for the development of test items,
and (2) the developed test items are independently tested in a new sample in
Study 1c.
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correlated with most of the other 17 questions. These items
were omitted from further analyses. On the resulting 17-item
revised SRS, participants answered an average of 10.9 ques-
tions correctly, SD=3.0.

Inter-item reliability
Cronbach’s alpha for the revised 17-item scale was 0.66.

Construct validity
Correlations of the revised SRS with convergent measures
again showed the predicted patterns: individuals who scored
higher on the SRS had higher Cognitive Reflection Test scores,
greater numeracy, higher self-reported levels of education, and
higher scores on the TFKSS and USIS (Table 3). Among
participants who indicated completing at least some college
(N=338), those with higher revised SRS scores also reported
having taken more science classes (r=0.25, p< 0.001).

Demographic correlates
Scores on the revised SRS were positively correlated
with age and self-reported liberalism and were unrelated to
gender (t(392) = 0.83, p=0.41) or self-reported religiosity
(r=�0.02, p=0.7) (Table 4).

Predictive validity
Partial correlations (Table 4) controlling for self-reported reli-
giosity, education, and political liberalism revealed that indi-
viduals with higher scores on the revised SRS again had
higher scores on the composite belief measure. They were
more likely to believe that genetically modified foods and
vaccines were safe, consistent with the scientific consensus,
but were no more likely to believe in global warming. Unlike
Study 1a, individuals with higher SRS scores were signifi-
cantly more likely to believe in human evolution and no more
likely to believe in the Big Bang.

Incremental predictive validity
Using the same regression procedure as in Study 1a, with
religiosity as an additional predictor variable, we found that
including SRS scores significantly improved model fit
when predicting the composite belief measure (ΔR2 = 0.01,
F(1, 388) =7.4, p<0.01) (Columns 3 and 4 in Table 5).
We report the results of including SRS scores on model fit
when predicting belief in the safety of vaccines (ΔR2 = 0.01,
F(1, 388) =4.41, p=0.04), the safety of genetically modified
foods (ΔR2 = 0.03, F(1, 388) = 13.0, p<0.001), global
warming (ΔR2 = 0.0003, F(1, 388) =0.2, p=0.7), human
evolution (ΔR2 = 0.01, F(1, 388) =6.38, p=0.01), and the
Big Bang (ΔR2 = 0.0001, F(1, 388) = 0.04, p=0.8).

Discussion
The general pattern of results paralleled that in Study 1a: scores
on the revised version of the SRS had acceptable reliability and
good construct validity, predicted scientific consensus beliefs,
and added predictive validity to the existing measures of scien-
tific literacy. Overall, these relationships were stronger than in
Study 1a, indicating that the qualitative research of Study 1b
improved the items. However, three items possessing poor
psychometric properties were dropped from our analyses, indi-
cating that these items require additional refinement.

STUDY 1D

Despite the improved overall performance of the SRS test
items in Study 1c, three items were removed from the analy-
ses because of negative correlations with the other items.
These three items had been completely rewritten as a result
of participant responses in Study 1b and tested different con-
cepts than those tested by the two omitted items from Study
1a (the revisions of which were positively correlated with the
remaining items in Study 1c). The three omitted items
addressed the concepts of random assignment to condition,
natural variation, and methodological basis. Given the itera-
tive revisions in Study 1b, it seemed unlikely that these three

Table 6. Sample item responses from Study 1b

Preliminary SRS item

Sample responses

No misunderstanding Misunderstanding

A marketing researcher has subjects pick one of two
familiar snacks, A and B, then report how happy they
are. On average, they report feeling happier after eating
Snack A.

True or False? This study shows that eating Snack A
makes people happier than eating Snack B.

The snacks are a matter of personal
preference. Someone who likes Snack
B would feel happier eating that snack
than the other. Also, if the subjects
get to choose, what is the point of the
study anyway? They would need to
eat both snacks, then report their mood.

People who tried both snacks said they
felt happier after eating Snack A.

A researcher develops a new technique for measuring a
certain property of liquids. The technique generates
different answers for different liquids. Also, when the
researcher tests the new technique repeatedly with the
same liquid, the technique generates very similar answers
each time.

True or False? The new technique is an accurate way to
measure this property.

The new technique works. It generates
similar answers when it is tested on
the same liquid.

You should test using different liquids,
not the same one over and over again.
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omitted items were poorly worded. Instead, we hypothesized
that the negative correlations ref lected some aspect of how
these concepts were being tested. In Study 1d, we first
rewrote these three items to test a different instantiation of
the concepts and then conducted qualitative data collection
following the methodology of Study 1b. As in Study 1b,
participants were recruited from MTurk and paid $0.50;
demographic information was not collected. Each rewritten
item went through between one and three rounds of qualita-
tive data collection before it met the criteria of Study 1b.

STUDY 2

Study 2 developed the final version of the SRS, using the items
developed in Study 1 and the psychometric tests used in Study
1.

Method
Participants
We recruited from MTurk a new sample of 274 American
adults who had not taken part in any of the previous studies.
They were paid $2.50. Four were excluded based on their an-
swers to the two data quality assurance questions drawn from
Meade and Craig (2012). According to self-reports, in the final
sample of 270, 52% were male; 19% were between 18 and 24,
39% were between 25 and 34, 25% were between 35 and 44,
9% were between 45 and 54, and 8% were 55 or older; 77%
were Caucasian; and 44% had at least a Bachelor’s degree.

Materials and procedure
The procedure was identical to that of Study 1c. Participants
answered the 20 SRS test items, including the three items
revised in Study 1d. The order of the SRS items was again
determined randomly for each participant. Table 2 reports
descriptive statistics.

Results
Development of the final Scientific Reasoning Scale
Before conducting an exploratory factor analysis, we com-
puted tetrachoric inter-item correlations to check whether the
revisions of Study 1d improved the three test items. We found
that all 20 items were positively correlated. We then consid-
ered item difficulty, item–total correlations, and internal reli-
ability coefficients to eliminate eight items. These analyses
led us to eliminate items corresponding to four concepts drawn
from Funtowicz and Ravetz (1990; as interpreted by Fischhoff
and Davis, 2014) and designed to test the ability to assess the
strength of a body of scientific evidence. These items appeared
to be distinct from the other 16 items, displaying low item–
total correlations, and low inter-item correlations with the other
16 items. We eliminated two additional items displaying low
item–total correlations (r’s< .3) and two items that were too
easy to have variance in responses (M’s>0.90).

We hypothesized that a single latent construct, scientific rea-
soning ability, drove responses on the remaining 12 items and

sought a factor solution that did the following: (i) satisfied
Cattell’s scree test; (ii) retained items with loadings of at least
0.4; and (iii) made psychological sense given our hypothesized
measurement model. In order to determine the number of factors
to extract, we conducted Horn’s (1965) parallel analysis on the
remaining 12 items using the “psych” package in R (Revelle,
2014). Parallel analysis, using the minimum residual factor
method and 500 iterations, suggested that we retain one factor,
supporting our hypothesis of unidimensionality (Table 7). We
conducted an exploratory factor analysis extracting one factor,
using the iterated principal factor method on the matrix of
tetrachoric inter-item correlations. Exploratory factor analysis
confirmed a unidimensional factor structure: after dropping
one item with a low factor loading (<0.4), all 11 retained items
loaded on one factor. See Table 1 for the factor loadings, and
item–total correlations for the retained items.

We conducted a confirmatory factor analysis on a separate
sample of MTurk workers (N=345; 52% male, mean age 34
(SD=10.6), 80% Caucasian, and 43% with at least a Bache-
lor’s degree). We report the following goodness-of-fit indices
for the one-factor model: χ2(44) = 136, p< 0.001; root mean
squared error of approximation = 0.078; standardized root
mean square residual = 0.046; comparative fit index=0.90.

On average, participants in Study 2 answered 6.6 of the 11
SRS questions correctly (SD=2.6). Retained items and their
difficulties are provided in the Appendix.

Reliability
The final, 11-item version of the SRS had a Cronbach’s α of
0.70.

Construct validity
Correlations of the final SRS with convergent measures
showed patterns similar to those in Studies 1a and 1c and
are reported in Table 3. Individuals who scored higher on
the SRS had higher Cognitive Ref lection Test scores, greater
numeracy, higher self-reported levels of education, and
higher scores on the TFKSS and USIS. Among participants
who indicated completing at least some college (N=232),
those with higher SRS scores reported having taken more
science classes (r=0.16, p=0.02).

Demographic correlates
Scientific Reasoning Scale scores were positively correlated
with age and unrelated to gender (t(268) =�1.46, p=0.15),
political liberalism, and religiosity (Table 3).

Table 7. Comparison of factor analysis and parallel analysis
eigenvalues

Factor
Factor analysis
eigenvalue

Parallel analysis
eigenvalue

1 3.24 0.89
2 0.37 0.44
3 0.26 0.32

Note: Parallel analysis conducted using N = 500 iterations.
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Predictive validity
As reported in Table 4, after controlling for education, religi-
osity, and political liberalism, individuals with higher scores
on the final, 11-item SRS had higher scores on the composite
belief measure. Individuals with higher SRS scores were sig-
nificantly more likely to believe in the safety of genetically
modified foods and vaccines, as well as in human evolution.
However, they were no more likely to believe in the Big
Bang or global warming.

Incremental predictive validity
Using the same regression procedure as in Study 1c, we
found that SRS scores displayed incremental predictive
validity over the two existing measures of scientific literacy
(again controlling for self-reported education, political liber-
alism, and religiosity), when predicting the composite belief
measure (ΔR2 = 0.03, F(1, 263) = 11.0, p=0.001) (Columns 5
and 6 in Table 5). We report the results of including SRS
scores on model fit when predicting belief in the safety of
genetically modified foods (ΔR2 = 0.04, F(1, 263) =10.9,
p=0.001), the safety of vaccines (ΔR2 = 0.03, F(1, 263)
= 9.61, p=0.002), global warming (ΔR2 = 0.0002, F(1, 263)
= 0.08, p=0.77), human evolution (ΔR2 = 0.009, F(1, 263)
= 3.33, p=0.07), and the Big Bang (ΔR2 = 0.002, F(1, 263)
= 0.65, p=0.42).

Discussion
The final version of the SRS has 11 items that load on a sin-
gle latent factor, meant to represent scientific reasoning abil-
ity. Because of the heterogeneous domain of scientific
reasoning ability, we were not surprised to find a relatively
weak one-factor solution. The final SRS had a Cronbach’s α
of 0.70, which we consider to be an acceptable level of
reliability given the heterogeneity of the domain of scientific
reasoning and the scale’s reliance on scenarios. Our results
indicate that the final SRS possesses good construct validity
and incremental predictive validity when predicting belief in
the scientific consensus, for the composite measure and three
of the five individual topics (vaccine safety, safety of gene-
tically modified foods, and human evolution, but not global
warming or the Big Bang).

STUDY 3

One limitation of existing scientific literacy measures is the
lack of evidence linking scores on them to performance on
tasks requiring the use of scientific information. Study 3
tests whether individuals with higher SRS scores are better
able to use scientific information in one concrete context: a
drug facts box. We use a validated drug facts box task
(Schwartz & Woloshin, 2013; Woloshin & Schwartz,
2011) that requires subjects to interpret numerical informa-
tion regarding the effectiveness and side effects of certain
drugs. We also further assess the construct validity of the
SRS by examining how scores relate to a theoretically

related cognitive style, the tendency to engage in actively
open-minded thinking.

Method
Participants
We recruited 295 American adults from MTurk who had not
taken any of the previous studies. Participants were paid
$2.20. One participant was excluded as a result of failing a
data quality assurance question from Meade and Craig
(2012). In the final sample of 294 adults, the mean reported
age was 36 (SD=11.4), 44% were male, 81% were Caucasian,
and 50% had at least a Bachelor’s degree.

Materials and procedure
All participants first completed the SRS. The order of the
items was determined randomly for each participant. Next,
they completed the drug facts box test (Woloshin &
Schwartz, 2011). In this task, participants received short de-
scriptions of two fake drugs, one for heartburn (PAXCID)
and one to prevent heart attacks (QUESTOR). They were
also provided with numerical information about patient out-
comes (e.g., heart attacks and side effects such as muscle
aches) from drug trials comparing each drug with a placebo.
Participants then answered questions about these numerical
outcomes, such as “True or False? People given QUESTOR
were twice as likely to have bothersome muscle aches as
people given placebo.” Next, participants completed the
Actively Open-minded Thinking Scale (Haran, Ritov, &
Mellers, 2013). Participants’ political identity and beliefs
on five controversial scientific issues were elicited as in
Study 2. See Table 2 for descriptive statistics.

Results
On average, participants answered 7 of the 11 SRS questions
correctly (SD=2.6).

Reliability
The reliability of the final, 11-item SRS in this new sample
was α=0.71.

Construct validity
Individuals who scored higher on the SRS also scored higher
on the Actively Open-minded Thinking Scale, r=0.41,
p< 0.001. As before, individuals with higher SRS scores
also reported higher levels of education, r=0.30, p< 0.001.

Demographic correlates
As before, SRS scores were positively correlated with age
and unrelated to gender (t(292) =�0.81, p=0.42), religiosity,
and political liberalism (Table 3).
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Predictive validity
Partial correlations controlling for education, religiosity, and
political liberalism, displayed in Table 4, revealed that
people with higher SRS scores had higher scores on the com-
posite belief measure. As before, they were more likely to
believe that vaccines and genetically modified foods are safe
and to believe in human evolution. Here, they were more
likely to believe in the Big Bang but again were no more
likely to believe in global warming.

Drug facts box
Participants answered an average of 17 out of 20 questions
correctly on the drug facts box test (SD=2.3). As predicted,
individuals who scored higher on the SRS had higher scores
on the drug facts box comprehension test, r=0.44, p< 0.001.

Discussion
The final, 11-item SRS demonstrated good reliability and
ability to predict whether individuals held beliefs consistent
with the scientific consensus. SRS scores were related to
cognitive styles, as captured by a measure of actively open-
minded thinking. Moreover, SRS scores predicted the ability
to use the scientific information in a drug facts box.

GENERAL DISCUSSION

The ability to evaluate scientific evidence is important to
many decisions in individuals’ lives as consumers, patients,
and citizens. Here, we develop and validate the SRS, de-
signed to measure individuals’ ability to evaluate scientific
findings. Using an interdisciplinary approach building on
research in behavioral decision research, cognitive develop-
mental psychology, and public understanding of science,
we define scientific reasoning skills and measure them with
an 11-item test that requires participants to apply their rea-
soning skills to brief scientific scenarios. We find that the re-
sultant scale (the SRS) has good internal consistency and
construct validity, as indicated by positive correlations with
measures of numeracy, cognitive ref lection, education, and
actively open-minded thinking. Individuals with higher
SRS scores are more likely to have beliefs consistent with
the scientific consensus above and beyond two widely used
scientific literacy measures, and after controlling for demo-
graphic measures. They also perform better on a task requir-
ing analysis of scientific information (Study 3).

One limitation to our research is its use of online samples
recruited from Amazon.com’s MTurk. Although MTurk
participants have been found to be more demographically
diverse than typical Internet and American college student
samples and to produce good quality data (Buhrmester,
Kwang, & Gosling, 2011; Paolacci & Chandler, 2014),
caution is warranted when generalizing to the general popu-
lation. As safeguards to ensure data quality, we excluded
participants who failed attention check questions and used
filters to ensure that each study had new participants. None-
theless, relative to the general US population, MTurk

samples are biased toward individuals who are young,
Caucasian, and have a college education. Although we con-
trolled for key demographics in our analyses, it remains to
be seen whether the SRS will display the same properties
when administered to a nationally representative sample.
More diverse respondents might reveal stronger relation-
ships, or some limit to our measure.

One puzzle in our results is the variation in correlations
between SRS scores and the specific scientific consensus
beliefs. Across the four samples (and variants of the SRS),
respondents with higher SRS scores consistently had higher
scores on the composite measure summarizing beliefs on
the five issues: global warming, genetically modified foods,
vaccination, human evolution, and the Big Bang. However,
higher SRS scores consistently predicted beliefs only on
three issues (genetically modified foods, vaccines, and
human evolution), while being unrelated to beliefs on the
other two (global warming and the Big Bang).

One possible explanation lies with how those beliefs were
measured. Several strands of recent research reveal sensitiv-
ity to how questions on controversial topics are posed. For
example, people are far more likely to endorse human evolu-
tion and the Big Bang theory when these topics were pref-
aced with “according to the theory of evolution” and
“according to astronomers” (National Science Board, 2014,
pp. 7–4). Similarly, using global warming rather than climate
change on a survey generates significantly different
responses, with the former evoking stronger endorsements,
especially from men and liberals (Leiserowitz, Feinberg,
Rosenthal, Smith, Anderson, Roser-Renouf, & Maibach,
2014). Wong-Parodi and Fischhoff (2015) found that differ-
ences between believers and nonbelievers in climate change
disappeared when participants expressed their beliefs before
beginning a task related to sea-level rise. Thus, understand-
ing the role of scientific reasoning skills in beliefs regarding
controversial scientific issues depends on how both the skills
and the beliefs are measured.

A more substantive explanation lies with differences in
the five beliefs. Toplak and Stanovich (2003) asked partici-
pants to generate arguments for and against their current po-
sition on three controversial (non-scientific) issues. Although
participants generated more arguments for rather than against
their current positions, the degree of that belief bias varied by
domain, leading the researchers to conclude that beliefs “dif-
fer in how strongly they are structured to repel contradictory
ideas” (Toplak & Stanovich, 2003, p. 859). We hope that our
measure helps to disentangle the multiple possible sources of
disbelief in scientific results, some of which may be unre-
lated to scientific reasoning ability (Fiske & Dupree, 2014;
Medin & Bang, 2014; Taber & Lodge, 2006).

The SRS appears to provide a theoretically informed con-
tribution to decoding lay responses to scientific results and
controversies. Future research will seek to identify the condi-
tions under which people reject rather than accept scientific
evidence and test strategies to reduce the likelihood of such
rejection. It is our hope that our research program will lead
to a rich, respectful understanding of lay reasoning, useful
to those who comment on the public and those who seek to
help it.
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