Thinking Skills and Creativity 60 (2026) 102064

Contents lists available at ScienceDirect = AND CREATVITY

Thinking Skills and Creativity

v s

ELSEVIER journal homepage: www.elsevier.com/locate/tsc
Scientific reasoning scale in Italy: Validation studies Stes

Rossella Caliciuri ©, Margherita Lanz

Universita Cattolica del Sacro Cuore, Department of Psychology, Largo A. Gemelli 1, 20123 Milan, Italy

ARTICLE INFO ABSTRACT
Keywords: This study presents validity evidence for the Italian adaptation of the Scientific Reasoning Scale
Scientific reasoning (SRS), addressing the lack of a measure of scientific reasoning in the Italian context. A multi-

Classical test theory
Confirmatory factor analysis
Unified view of validity

study, multi-method approach was employed, including back-translation, pilot testing, expert
interviews, cognitive interviews, and Structural Equation Modeling, to evaluate the psychometric
Contemporary view of validity properties and accumulate validity evidence supporting the intended interpretation and use of the
Measurement invariance scale scores. A total of 897 Italian adults (aged 18-60) participated in the study. Consistent with
Structural equation modeling the contemporary view of validity, we gathered diverse evidence supporting the scale’s validity.
Confirmatory Factor Analysis confirmed a unidimensional structure and modest composite reli-
ability was observed, suggesting that future item development could strengthen measurement
precision. Multi-group analyses supported full measurement invariance across gender, age,
employment status, political orientation, and religious affiliation, enhancing generalizability and
reducing measurement bias. Education level was the only variable associated with differences in
SRS scores, with higher-educated individuals reporting significantly higher levels. Convergent
validity was established through correlations with the Cognitive Reflection Test and the Proba-
bilistic Reasoning Scale. Criterion-related validity was demonstrated through relationships with
climate change awareness and beliefs, and different paranormal health beliefs. Given the adap-
tation of the response format from true/false to multiple-choice, this Italian version should be
considered an adaptation that, although potentially limiting cross-national comparability, im-
proves linguistic and ecological fit within the Italian context. The Italian SRS provides a valuable
tool for future research on scientific reasoning and contributes to the international effort to assess
and improve scientific literacy, aligning with the objectives of PISA 2025 (‘Programme for In-
ternational Student Assessment’). The findings regarding the relationship between education
level and scientific reasoning scores highlight a potential area for educational intervention,
suggesting that formal training in scientific methodology may be necessary to fully develop these
skills during compulsory schooling.

1. Introduction
1.1. Scientific reasoning

Scientific reasoning is defined as the investigative skills used in scientific inquiry to build and refine knowledge. This encompasses
the systematic exploration of a problem, the formulation and testing of hypotheses, the manipulation and isolation of variables, and the
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observation and evaluation of consequences (Bao et al., 2009, 2022; Johnson & Lawson, 1998). Despite its significance, a paucity of
consensus persists with regard to its definition and operationalisation. Diaz et al. (2023) highlight these inconsistencies in their
conceptual review, defining scientific reasoning as a set of specialised cognitive processes within the realm of thinking. These processes
include induction (Eysenck & Keane, 2020), deduction (Garnham & Oakhill, 1994), and abduction (Johnson-Laird & Byrne, 1993).
While the terms ’scientific method’ and ’thinking like a scientist’ are often used to define scientific reasoning (Diaz et al., 2023), they
do not fully encompass its cognitive underpinnings. The scientific method refers to a structured series of steps to understand phe-
nomena, whereas ’thinking like a scientist” involves applying these steps to inquiry (Diaz et al., 2023; Kisiel et al., 2012). Scientific
reasoning, therefore, comprises the cognitive processes necessary to implement the scientific method. A widely accepted model by
Fischer et al. (2014) describes scientific reasoning as a sequential process including (a) problem identification, (b) question formu-
lation, (c) hypothesis generation, (d) artifact construction, (e) evidence generation, (f) evidence evaluation, (g) conclusion drawing,
and (h) result communication. There are, therefore, different definitions of scientific reasoning, as well as divergent conceptualisations
of its development. These reflect a divergence in opinions on the relative merits of conceptual knowledge versus strategic acquisition in
explaining developmental differences. As Zimmerman (2000) demonstrates, the emphasis placed on conceptual knowledge varies
between instruments, with some placing greater emphasis on this aspect, whilst others prioritise experimental strategies. In general,
most existing measures are tailored to specific populations and contexts, limiting their generalizability.

One notable attempt to measure scientific reasoning is the Scientific Reasoning Scale (SRS; Drummond & Fischhoff, 2017), which
was originally developed in the US and subsequently adapted for use in Turkey (Muslu Kaygisiz et al., 2018). The SRS assesses in-
dividuals® ability to evaluate scientific evidence through an interdisciplinary approach incorporating behavioral decision research,
cognitive developmental psychology, and public understanding of science. The scale consists of 11 true/false items that challenge
participants to apply reasoning skills to brief scientific scenarios, reflecting a variety of facets of scientific reasoning, such as
blind/double-blind experiments, causality, confounding variables, construct validity, control group, ecological validity, history,
maturation, random assignment to conditions, reliability, and response bias. The scale is intended to function as a unidimensional
measure of scientific reasoning, and therefore the total score reflects the number of correct responses. This unidimensional scale can be
considered ’lab-oriented’, as the scenarios presented represent typical laboratory research scenes. Despite its usefulness, no validity
evidence for the SRS has yet been gathered in Italy, where no measure of scientific reasoning currently exists. Having measures
supported by validity evidence is essential for several reasons. First, it facilitates meaningful comparisons of scientific reasoning across
different countries, reflecting how well individuals are prepared to engage with scientific concepts and issues. This objective is
consistent with the overarching aims of the PISA 2025 assessment, which is administered by the OECD (Organisation for Economic
Co-operation and Development). Second, from a psychometric standpoint, and in line with contemporary views of validity (Hubley &
Zumbo, 2011), providing validity evidence for a measurement tool across different cultural contexts provides additional evidence for
its construct validity, particularly concerning the generalizability of its structure and function across populations. An essential part of
this process is testing measurement invariance, which allows researchers to evaluate whether the instrument operates equivalently
across groups, ensuring that observed differences in scores reflect true differences in the construct rather than artifacts of the mea-
surement process. Furthermore, construct validation, as originally outlined by Cronbach and Meehl (1955), and more recently
revisited by Flake and Fried (2020), is a fundamental step in psychological science, as it ensures that instruments genuinely measure
the constructs they are intended to assess.

1.2. Contemporary view of validity

In the latest edition of the ’Standards for Educational and Psychological Testing’ (American Educational Research Association
[AERA], American Psychological Association [APA], & National Council on Measurement in Education & [NCME], 2014), the
contemporary view of validity, also referred to as the ’unified theory of validity’, is positioned as the cornerstone of test validation.
This modern conceptualization, primarily advanced by Messick (1989, 1995), defines validity not as a static property of a test but as a
holistic and ongoing process of gathering multiple sources of evidence to support the interpretation and use of test scores. It integrates
previously distinct types of validity (e.g., content, criterion, construct) into a single overarching framework, construct validity, and
emphasizes that all validity is construct validity. In this framework, validity is considered to be context- and sample-dependent, with
test developers and users jointly responsible for providing evidence that justifies score interpretation. According to this unified model,
various sources of evidence contribute to the validation process, including content validity, criterion-related validity (both concurrent
and predictive), factorial structure, convergent and discriminant validity, generalizability, known-group evidence, and consequences
of testing. The latter concerns how the anticipated and unanticipated social or individual outcomes of test use confirm its appropri-
ateness and quality; this form of evidence is often gathered in follow-up studies (Cronbach & Meehl, 1955; Hubley & Zumbo, 2011;
Sorgente & Zumbo, 2025; Zumbo, 2005). In this validation process, the use of SEM is pivotal, as they integrate regression, path
analysis, and latent variable models (factor analysis).

1.3. The present study

The present study aims to provide validity evidence for the Italian adaptation of the SRS. A multi-study, multi-method approach
was employed, as suggested by DeVellis and Thorpe (2021) and in line with other studies (de Oliveira Cardoso et al., 2024; Sorgente &
Lanz, 2019). Study 1 involved backtranslating the scale, pilot testing, and preliminary confirmatory factor analysis (CFA). Study 2
consisted of qualitative and quantitative phases. The qualitative phase used expert interviews to evaluate item adequacy and cognitive
interviews to test comprehensibility. The quantitative phase assessed the psychometric properties of the scales using Classical Test
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Theory (CTT) and provides evidence of their validity through structural equation modeling (SEM), in line with the contemporary view
of validity (Hubley & Zumbo, 2011). Specifically, the following sources of evidence will be examined: (1) Factorial structure evidence
through CFA, verifying whether the observed variables align with the hypothesized latent factors and confirming the underlying
structure of the scale. (2) Reliability evidence by calculating the omega coefficient to assess the internal consistency and precision of
the scale in measuring the intended constructs. (3) Generalizability and known-group evidences by testing measurement invariance
and comparing latent mean differences across demographic and ideological groups (i.e., gender, age, education level, employment
status, political orientation, and religious affiliation) to assess whether the scale functions equivalently and distinguishes between
populations expected to differ on the measured constructs. (4) Convergent validity evidence by analyzing correlations with theoret-
ically related constructs (cognitive reflection and probabilistic reasoning) to determine the extent to which the scale aligns with related
measures. (5) Criterion validity evidence by using SEM-based regression to examine the relationship between the scale and external
criteria (climate change awareness; climate change belief; and five factors of Paranormal Health Beliefs Scale: parapsychological
beliefs, superstitious beliefs, religious beliefs, extraordinary events beliefs, and pseudo-scientific beliefs). This step assesses how well
the scale predicts these relevant outcomes. Fig. 1 presents the structure of the multi-study and multi-method project conducted to
provide validity evidence for the SRS. Given their preliminary nature, Study 1 and the qualitative phase of Study 2 are described
briefly. In contrast, the quantitative phase is reported in detail in the following sections.

1.3.1. Study 1

In the first study, we back-translated and adapted the SRS items into Italian and then conducted pilot testing to provide initial
validity evidence for the Italian adaptation of the scale, as suggested by the guidelines of Kowal (2024) and DeVellis and Thorpe
(2021). Following administration of the SRS to 337 Italian adults, we assessed the scale’s factor structure and identified several
psychometric weaknesses. Specifically, the CFA revealed several issues in the scale’s structure. Five items did not reach the minimum
recommended factor loading threshold (e.g., loading > 0.30; Merenda, 1997; Peterson, 2000), indicating weak alignment with the
theoretical construct. Items 1, 3, 5, 7 e 11 showed loadings below this cut-off. These findings raised concerns about both the linguistic
adequacy of the Italian adaptation and the clarity and effectiveness of the original true/false response format. These limitations
provided the rationale for conducting Study 2. The details of the study 1 (preregistration, dataset, codebook, codes, and results) are
openly available on OSF [Open Science Framework] and referenced in the ’Data publicly available in a repository’.

1.3.2. Study 2

Following the results of the first study, and as part of the qualitative phase, both the linguistic formulation of the items and the
response format of the scale were revised. The original SRS employed a dichotomous true/false format embedded within the item stem.
In the present adaptation of the scale, two discrete multiple-choice response options were implemented for all 11 items. To illustrate,
consider the item addressing double-blind facet. The original item presented the scenario with a true/false question embedded within
the description: ’In a taste test, a researcher puts Brand A coffee in a cup with white tape on it and Brand B coffee in an identical cup
with black tape on it. A lab assistant gives tasters one of the cups, while the researcher watches their facial expressions. True or False?
The lab assistant should not watch the cups being filled’. The revised item presents the same scenario, but the response options are
distinct: "In an experiment to evaluate coffee taste preferences, a researcher places coffee from brand A and coffee from brand B in
identical cups. To differentiate the types of coffee, the researcher puts identifying labels at the bottom of the cups. Subsequently, a
laboratory assistant distributes one of the cups to the tasters while the researcher observes their facial expressions’. The response
options are: "a. The laboratory assistant should not look at the cups while they are being filled’ and ’b. The laboratory assistant should
look at the cups while they are being filled’. This decision was based on several considerations: (1) feedback from cognitive interviews
indicating confusion due to the embedded true/false phrasing; (2) the need to increase clarity and reduce ambiguity in participants’
processing of the response task; and (3) alignment with evidence from response process theory, which suggests that separating the
scenario from the response alternatives helps elicit more deliberate and interpretable cognitive operations (Zumbo & Hubley, 2017).
This modification represents a substantive adaptation rather than a mere translation of the original scale. While preserving the
conceptual content of the items, the new response format improves ecological and linguistic fit for Italian respondents and reduces
response ambiguity. However, it also limits the degree of direct cross-national comparability with studies using the original

4 ) ‘ Study 2 )
Study 1 1. Qualitative phase
- Linguistic review
1. Backtranslation - Expert interviews (n = 6)
2. Pilot Test - Cognitive interviews (n = 5)
3. Preliminary CFA (n = 337) 2. Quantitative phase (n = 897)
\_ ) \ Collection of validity evidences )

Fig. 1. Structure of the multi-study and multi-method project conducted to provide validity evidence for the scientific reasoning scale (SRS).
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dichotomous format.

In order to revise the items and gain further insight into the construct within the specific Italian context, six expert interviews were
conducted. The expert interviews were semi-structured and followed a protocol consisting of three main sections: (1) evaluation of
item clarity and linguistic precision; (2) assessment of the alignment between each item and the intended construct of scientific
reasoning; and (3) suggestions for improved wording, response format, or both cultural and construct-related appropriateness. The
composition of the experts included full professors of research methodology in psychology, researchers in physics and statistics, and
middle school teachers of mathematics and science (in line with the principle of maximum variation sampling; Patton, 2005). Each
expert was presented with the items, and invited to comment on ambiguities or cultural incongruities. Based on their feedback, all
items were reviewed and revised. For instance, one expert advised against the use of overly definitive adverbs such as ’necessarily’ in
response options, as these may imply absolute conclusions that are not in accordance with scientific reasoning. This resulted in a first
draft of the scale, whose comprehensibility and applicability to the lives of Italian adults was tested through five cognitive interviews
with the target population (the participants were selected to represent a range of genders, age ranges and educational backgrounds).
Cognitive interviews are a specific type of structured interview focused on the cognitive processes respondents utilize when answering
survey questions. The goal is to thoroughly explore respondents’ understanding of the items and their perceptions of each item’s
relevance to their lives (Willis, 2004). After answering each item, participants were asked to reflect aloud on how they interpreted the
question, what they believed it was asking, and how they arrived at their answer. When misinterpretations occurred, we made targeted
revisions to improve clarity. For instance, a participant reported difficulty understanding the purpose of item 1 due to the abstract
wording, prompting a revision using a more concrete example. After evaluating the adequacy and the comprehensibility of the items,
we proceeded with the quantitative phase to assess the psychometric properties of the scale, providing validity evidence in accordance
with the contemporary view of validity.

2. Method
2.1. Participants

The data was collected from December 2024 to January 2025. Participants were recruited through quota sampling, a non-
probability technique designed to approximate population representativeness by stratifying the population by key sociodemo-
graphic variables (age, gender, and geographical region) and setting quotas proportional to national distributions. The sample consists
of 897 Italian participants: 50.50 % identify as female, 48.94 % as male and the remaining 0.56 % identify as non-binary or prefer not
to disclose their gender. The age of the participants ranges from 18 to 60 years, with a mean age of 41.48 years (SD = 12.46; median =
43). Nearly all participants were born, resided and completed their education entirely in Italy (96.32 %, 99.44 % and 97.76 %,
respectively). Further information regarding the sample characteristics is presented in Table 1. Although not based on probability
sampling, the quota design ensured that the distribution of key demographic variables closely reflected the Italian population aged
18-60 years, according to ISTAT estimates for 2024 (Istituto Nazionale di Statistica, 2024). This choice was made to ensure that the
validity evidence would be applicable to the broader population for which the instrument is intended. As highlighted in the validation
literature, “validity is not a property of the test itself but of the inferences made from the test scores, and these inferences must be
justified within the population and context of use” (Zumbo & Hubley, 2017, p. 19). Adopting a demographically balanced sample
enhances the generalizability and ecological validity of the results and aligns with best practices in psychometric validation.

Table 1

Demographic characteristics of Italian participants (N = 897).
Characteristic %
Age Groups
Ages 18 — 27 (genZ) 20.18
Ages 28 - 44 (genY) 35.12
Ages 45 - 60 (genX) 44.70
Region of Residence
Northwestern Italy 25.65
Northeastern Italy 19.57
Central Italy 20.58
Southern Italy 22.95
Italian Islands 11.25
Education level
Middle School 7.28
High School Diploma 52.86
Bachelor’s/Master’s Degree or equivalent 36.28
Doctoral Degree 3.58
Employment Status
Students 15.46
Employed 67.20
Unemployed 17.37
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2.2. Procedure

The project was preregistered on OSF in December 2024. The protocol was approved by the Ethical Committee of the Department of
Psychology of Universita Cattolica del Sacro Cuore of Milan and adhered to all principles of the Declaration of Helsinki. The study
utilized an online survey administered from December 2024 to January 2025. The sample consisted of 897 respondents, randomly
selected from the consumer panel managed by Norstat (https://norstat.it/). In order to ensure that the sample reflected the adult
Italian population, quotas were established in accordance with ISTAT statistics, which are also available on OSF. To improve data
quality, we included some attention-check questions in the questionnaire and implemented Google Invisible ReCaptcha technology to
identify and potentially exclude inattentive individuals and/or bots. All 897 participants successfully passed these quality control
checks. Participation in the survey was entirely voluntary and was compensated according to the platform’s guidelines. To access the
questionnaire and participate in the study, informed consent was mandatory. In addition to providing informed consent, participants
also agreed to share their data on open science platforms, making their responses publicly available for research. The online ques-
tionnaire, administered through Qualtrics as a single survey session, took approximately 45 min to complete.

2.3. Instruments

The participants initially provided socio-demographic information, including gender, age, region of residence, education level, and
employment status.

To investigate participants’ subjective perception of how much they view their activities—whether in their job, school, or field of
study - as connected to science, we posed ad hoc question: ‘Do you think your job/school/faculty is related to science?’. Participants
had three response options: *Yes, my job/school/faculty is closely related to science’, "My job/school/faculty has some connections
with science’, and 'No, my job/school/faculty is not directly related to science’, with the option to provide a rationale for their
response.

To measure scientific reasoning, we administered our Italian adaptation of the SRS (Drummond & Fischhoff, 2017), a dichotomous
scale consisting of 11 items. The Italian SRS can be found on OSF and in Appendix A.1, while the details on how we developed this
adaptation are discussed in the introduction.

In line with the original development and validation work on the SRS, scales theoretically and empirically linked to scientific
reasoning were administered, allowing for both consistency across studies and construct coherence (Drummond & Fischhoff, 2017;
Golumbic et al., 2023; Muslu Kaygisiz et al., 2018). In particular, regarding the convergent measures, we administered two mea-
surement scales: The Cognitive Reflection Test-Long (CRT-Long; Primi et al., 2016) is an extended version of the CRT (Frederick, 2005)
is an extended version of the original CRT (Frederick, 2005). While the original CRT consisted of 3 questions, the CRT-Long includes 6
questions. Performance on the CRT is associated with cognitive ability and with the capacity to resist intuitive but incorrect responses.
In this sense, it serves as a measure of reflective, rational thinking and reduced susceptibility to cognitive biases (Toplak et al., 2011).
An example item is the following: 'If three elves can wrap three toys in one hour, how many elves are needed to wrap six toys in two
hours?’ [correct answer = 3 elves; heuristic answer = 6 elves]. Participants’ scores are determined based on the sum of correct answers
to these items. The unidimensional structure of the scale was tested with a CFA. Fit indices for this model were good [y* (9) = 22.36, p
=.008); RMSEA = 0.04 (0.02 - 0.06); CFI = 0.996; WRMR = 0.80]. The factor loadings were all high (> |.71]) and significant (p <
.001). Internal consistency score was good (McDonald’s ® = 0.80).

The Probabilistic Reasoning Scale (PRS; Primi et al., 2017) is a measure of basic probabilistic reasoning skills that are necessary to
successfully interpret probability information in everyday settings, as well as to complete introductory statistics courses. The scale
consists of 16 items. An example item is the following: A ball is drawn from an urn containing 10 red, 20 blue, 30 white, and 15 yellow
balls. What is the probability that it is neither red nor blue?’. The answer choices are: *a) 30/75; b) 10/75; c) 45/75. Participants’
scores are determined based on the sum of correct answers to these items. The unidimensional structure of the scale was tested with a
CFA. Fit indices for this model were good [%? (104) = 307.10, p < .001); RMSEA = 0.05 (0.04 - 0.05); CFI = 0.954; WRMR = 1.34]. The
factor loadings were all high (> |.30|) and significant (p < .001). Internal consistency score was good (McDonald’s ® = 0.81).

Regarding the outcome measures, we have the following scales or items: The Paranormal Health Beliefs Scale (PHBS, Donizzetti &
Petrillo, 2017) is an instrument for the assessment of the range of illusory beliefs about health, through a series of 31 items. This scale
consists of 5 dimensions: religious belief (RB; 8 item, e.g., "There are saints who may cure and protect the health of the body ’), su-
perstitious belief (SB; 7 item, e.g., 'Preferably avoid surgical interventions on Friday 17th ’), belief in extraordinary events (EEB; 6
item, e.g., "The appearance of a new disease may be due to extra-terrestrial entities ’), parapsychological belief (PSIB; 6 item, e.g.,
"Illness can be overcome by force of mind’), and pseudo-scientific of a biomedical nature belief (MEDB; 4 item, e.g., 'There are some
social groups, e.g., immigrants, who adopt unhealthy habits that put the health of the human species in danger’). Participants rated
their agreement with statements using a Likert scale ranging from 1 ("Completely Disagree’) to 5 ("Completely Agree’). The
multi-dimensional structure of the scale was tested with a CFA. Fit indices for this model were good [y? (424) = 1209.04, p < .001);
RMSEA = 0.05 (0.04 - 0.05); CFI = 0.925; SRMR = 0.05]. The factor loadings were all high (> |.77]) and significant (p < .001). Internal
consistency scores ranged from acceptable to excellent, with McDonald’s o = 0.73 (MEDB), 0.81 (EEB), 0.85 (PSIB), 0.91 (SB), and
0.93 (RB).

Climate Change Beliefs: participants’ beliefs regarding climate change will be measured using two items commonly used in
research on the issue (Bertolotti et al., 2021): ’As far as you know, do you personally think that the world’s climate is changing?’, on a
7-point scale ranging from 1 ("Not at all’) to 7 ("Very much’), and Do you think that climate change is caused by natural processes or
by human activity?’, on a scale ranging from 1 ("Natural processes only’) to 7 "Human activity only’). These two items are adequately
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correlated with each other (Spearman p = 0.476).

Climate Change Awareness: individuals’ concern for climate change issues will be measured through six items used in Robba et al.
(2024) developed on a 7-point Likert scale from 1 (’I totally disagree’) to 7 (’I totally agree’). An example of item is the following:
’Climate change is pushing the planet to a point of no return’. The unidimensional structure of the scale was tested with a CFA. Fit
indices for this model were good [%? (8) = 30.75, p < .001); RMSEA = 0.06 (0.04 - 0.08), p = .278; CFI = 0.986; SRMR = 0.17]. The
factor loadings were all high (> |.79|) and significant (p < .001). Internal consistency score was excellent (McDonald’s ® = 0.93).

In line with the original SRS construction study (Drummond & Fischhoff, 2017), we included an item to assess political orientation:
’Indicate your political orientation on a 7-point scale ranging from left (1) to right (7)’, sourced from an existing study (Di Battista
et al., 2018), as well as religious affiliation using a dichotomous item: ‘Do you feel you belong to a religion?’ (response options:
’Yes/No’).

Further detailed information regarding the variables and scales incorporated within the survey, in addition to information on
informed consent, data sharing, instructions, and the entirety of the items contained within the research’s codebook, can be found
among the materials uploaded on the OSF.

2.4. Data analysis

Descriptive statistics. Descriptive statistics, including means and standard deviation, were used to summarize the characteristics of
the participants using SPSS (version 29.0.2.0; IBM Corp., 2023).

As suggested by Zumbo (2005), we tested different kinds of validity evidence (factor structure evidence, generalizability evidence,
convergent evidence, criterion-related evidence, and reliability evidence) through structural equation modeling. All models were
performed using Mplus software (version 7.11; Muthén & Muthén, 1998-2017). Maximum Likelihood (ML), Maximum Likelihood
Robust (MLR), or Weighted Least Squares Mean and Variance Adjusted (WLSMV) were used as the estimation method, depending on
whether the variables were normally distributed, non-normally distributed, or dichotomous, respectively. Full Information Maximum
Likelihood (FIML) was used as the method to handle missing data.

Factor structure and reliability evidences. After describing the data, for each scale adopted (SRS, CRT, PRQ, PHBS, CCA), we tested the
factorial structure with CFA and saved their factor scores for further analysis. In order to test the goodness of fit of the CFA model, we
considered the exact fit index, represented by the y? value, and several approximate fit indices, including the Root Mean Square Error
of Approximation (RMSEA), the Comparative Fit Index (CFI), or the Tucker-Lewis Index (TLI), the Standardized Root Mean Square
Residual (SRMR), or the Weighted Root Mean Square Residual (WRMR). A non-significant x> value suggests that the model is
consistent with the data, although this index is highly sensitive to sample size (Cheung & Rensvold, 2002). RMSEA values close to zero
indicate a better fit, with values below 0.08 considered reasonable and those below 0.05 considered good (Lai & Green, 2016; Kline,
2023). CFI and TLI values close to 1 suggest a good model fit, whereas values below 0.90 indicate a poor fit (Lai & Green, 2016). SRMR
values close to zero reflect a better fit, with values below 0.08 indicating an adequate fit (Hu & Bentler, 1999). Finally, WRMR values
below 1.0 are generally interpreted as evidence of an acceptable model fit (Asparouhov & Muthén, 2018). However, these interpre-
tation guidelines related to goodness-of-fit indexes were not treated as ‘golden rules’ or used for inferential purposes, but only as rough
guidelines for descriptive model evaluation, to integrate with parameter estimates, statistical conformity, and theoretical adequacy
(Fan & Sivo, 2007). After confirming the adequacy of the models in terms of factorial structure, the reliability of the scales was
assessed. Following current guidelines (Dunn et al., 2014), internal consistency was estimated using composite reliability (o).

Generalizability evidence. The generalizability evidence for the SRS was tested using measurement invariance. A multi-group
analysis was conducted, with groups defined by gender, age, education level, or employment status, political orientation and reli-
gious affiliation. These groups were compared according to four types of measurement invariance: configural, weak, strong, and strict
invariance. The levels were tested sequentially, from the least restrictive (configural) to the most restrictive (strict). To determine
whether a specific level of invariance was met, each model was compared to a less constrained version. Significant differences between
models were evaluated using the chi-square difference test, which assesses whether constraints imposed on the model significantly
alter its fit. However, in large samples (n > 300), chi-square tests can be overly sensitive, detecting even minor and trivial differences.
Therefore, model comparisons often rely on practical significance, assessed through approximate fit indices. In this study, we used
changes in the Comparative Fit Index (ACFI), where a decrease of 0.010 or more (Cheung & Rensvold, 2002; Meade et al., 2008)
indicates measurement non-invariance. Additionally, changes in other fit indices (TLI and RMSEA) were examined. If full invariance
was not achieved at a particular level, we tested for partial invariance to identify specific parameters that did not hold across groups.
Following Saris et al. (2009), parameters were freed based on the standardized expected parameter change reported in the Mplus
output. According to Dimitrov (2010), full invariance across all items is not required to consider a scale sufficiently equivalent across
groups. If at least 80 % of the items demonstrate full measurement invariance, the instrument can be deemed valid for cross-group
comparisons. Specifically, achieving weak measurement invariance (equal factor loadings) allows for the comparison of total factor
variability across groups. Achieving strong measurement invariance (equal intercepts/thresholds) further enables comparisons of
factor means. When strong measurement invariance is established, any observed differences in factor variability or mean levels can be
interpreted as genuine differences in the underlying construct rather than artifacts of measurement bias. In order to verify if the SRS
latent factor’s variability as well as mean level were significantly different across groups, we constrained respectively the SRS variance
and the SRS mean to be equivalent across groups and then verified if this constraint significantly modified the model fit (ACFI <
—.010). This statistical procedure is called ‘structural invariance’ (Widaman et al., 2014). All in all, six types of invariance test were
performed (configural, weak, strong and strict, factor variance, factor mean invariance) for each group comparison. The first four types
correspond to the measurement invariance, while the last two types correspond to the structural invariance. While measurement
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invariance is designed to help establish equivalence/nonequivalence of score interpretations, structural invariance is designed to
detect actual differences between/among groups in the variability or mean level of their scores (Sorgente et al., 2021). When we
compared latent parameters (factors variance and mean), we adopted the chi-square difference test as the change in CFI is not sensitive
enough for meaningful change on them. At the same time, as the x? statistic is overly sensitive for large numbers of constraints,
especially when estimated on large sample sizes (e.g., Marsh et al., 1988), we did not use the cut-off p=.05 to consider the two
compared models significantly different. Specifically, we considered an adjusted p-value of 0.001 in order to reduce the possibility of
type L error (Little, 1997). In total, we conducted four invariance tests for each group comparison: configural, weak, strong, and strict.
Measurement invariance assesses whether score interpretations remain consistent across groups, ensuring that the instrument func-
tions reliably in different populations.

Known-group evidence. Known-group evidence was examined by comparing mean of SRS across different demographic and ideo-
logical groups to evaluate whether the scale effectively distinguishes between populations expected to differ on the measured con-
structs (based on gender, age, educational level, employment status, political orientation, religious affiliation).

Convergent evidence. Convergent validity was assessed by correlating the SRS factors with measures of cognitive reflection and
probabilistic reasoning.

Criterion-related evidence. Criterion-related evidence was examined by testing a SEM model in which the SRS score was related to
different outcomes: climate change awareness, climate change belief, the five factors of the Paranormal Health Beliefs Scale (para-
psychological beliefs, superstitious beliefs, religious beliefs, extraordinary events beliefs, and pseudo-scientific beliefs).

The dataset is available on the OSF page, as well as the SPSS syntax and the Mplus input files.

3. Results

Descriptive statistics. Demographic information is presented in the ‘Participants’ section. On average, participants answered
correctly to 7.71 out of 11 SRS items (SD = 2.22; median = 8). Table 2 displays the percentage of correct responses for each item of the
scale as provided by the sample. The scores range from 58.10 % (Causality) to 83.00 % (Construct Validity).

Regarding religious affiliation, 52.8 % of the sample (n = 474) feels a sense of belonging to a religion, while the remaining 47.2 % (n
= 423) does not.

Descriptive statistics (means and standard deviations) for all other scales included in the survey are available in the supplementary
materials on OSF.

Factor structure and reliability evidences. The factor structure of the Italian SRS was tested using CFA on a sample of 896 participants.
The initial fit indices were satisfactory; however, item 11 did not sufficiently saturate the latent factor (loading < 0.3; Merenda, 1997;
Peterson, 2000). Consequently, this item was removed, and a new CFA was conducted using 10 items. The fit indices for the revised
model were good: [¥* (35) = 61.690, p = .004; RMSEA = 0.029 (0.017 0.041), p = .999; CFI = 0.966; WRMR = 0.953]. As shown in
Fig. 2, all factor loadings were high (< 0.3) and significant (p < .001), all ten items load significantly on a single latent factor rep-
resenting scientific reasoning, with standardized loadings ranging from 0.336 to 0.640. These results confirm the unidimensionality of
the scale. Composite reliability was estimated for SRS: ® = 0.612.

Generalizability and known-group evidences. Multi-group analyses were performed in order to collect evidence about the general-
izability of the interpretation of the test scores across different subgroups. Specifically, seven types of invariances (configural, metric,
scalar, uniqueness, factor variance, factor covariance, and factor mean; Bontempo et al., 2007) were tested across variables relevant to
scientific reasoning: gender, age, education level, employment status, political orientation, and religious affiliation (see Table 3 for all
model comparisons and fit indices). The results showed that the scale demonstrated full invariance in structure, factor loadings,
thresholds, residuals, factor variances, and factor means across gender, age groups (18-27, 28-44, and 45-60), employment status
(students, workers, and others), political orientation (left, center, right), and religious affiliation (believers vs. non-believers). How-
ever, for the comparison based on gender, to achieve strong invariance, it was necessary to free item 9 (related to random assignment
to condition), for which the probability of providing a correct response was greater in the female group than in the male group. No
significant differences in SRS factor means were found across gender, age, employment status, political orientation, or religious
affiliation. In contrast, for educational level (up to high school diploma vs. at least bachelor’s degree), structural invariance was not

Table 2
Descriptive statistics of SRS.

% of correct responses (N = 897)

1. Double blind 69,40 %
2. Causality 58,10 %
3. Confounding variables 74,80 %
4. Construct validity 83,00 %
5. Control Group 69,50 %
6. Ecological validity 72,50 %
7. History 67,50 %
8. Maturation 75,10 %
9. Random assignment to condition 82,10 %
10. Reliability 68,40 %
11. Response bias 69,40 %
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Fig. 2. Confirmed factorial structure of scientific reasoning scale (SRS).
Note. Numbers on the arrows indicate standardized factor loadings (range: 0.336 to 0.640). The items significantly load onto a single latent factor
representing scientific reasoning (*** indicates p < .001).

achieved, as indicated by a significant difference between the strict and factor invariance models (Difftest y* < 0.001; ACFI =-.033). In
this case, participants with a university degree showed significantly higher factor means than those with only a high school diploma.

Convergent evidence. Convergent validity was assessed by correlating the SRS with measures of Cognitive Reflection Test (CRT-
Long) and Probabilistic Reasoning Scale (PRS) on a sample of 896 participants. The standardized correlation coefficients indicated
moderate to strong positive associations: the SRS correlated 0.523 (p < .001) with the CRT-Long and 0.578 (p < .001) with the PRS. In
the model, correlations were also required between the two kinds of convergent measures (CRT-Long and PRS) in order to control for
their covariance. The fit of this model was good [}? (53) = 88.14, p = .002; RMSEA = 0.027 (0.017 0.037), p = 1; CFI = 0.973; WRMR =
0.909].

Criterion-related evidence. Criterion-related evidence was examined on a sample of 896 participants by testing a SEM model in which
the score of SRS was related to different outcomes: climate change awareness (CCA), climate change beliefs (CCB) and the five factors
of the Paranormal Health Beliefs Scale (parapsychological beliefs - PSIB, superstitious beliefs - SB, religious beliefs - RB, extraordinary
events beliefs - EEB, and pseudo-scientific beliefs - MEDB). The fit of the model was good [}? (98) = 123.85, p = .040); RMSEA = 0.017
(0.004 0.026), p = 1; CFI = 0.989; WRMR = 0.750]. Negative correlations were found between the SRS and all five paranormal health
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Table 3

Measurement invariance of the SRS across different demographic and ideological conditions.
Invariance e Df P RMSEA (CI) p RMSEA < 0.05 CFI WRMR DIFF Df P ACFI

TESTy?

Gender (438 male vs 453 female)
Configural 85.40 70 .102 .02 (0.00 0.04) 1.00 .980 1.12
Weak 91.03 79 167 .02 (0.00 0.03) 1.00 .984 1.22 8.53 9 482 .004
Strong 114.55 88 .030 .03 (0.01 0.04) 1.00 .965 1.37 25.83 9 .002 —0.019
freeing item 9 103.44 87 110 .02 (0.00 0.04) 1.00 978 1.30 13.44 8 .098 —0.006
Strict 10.15 10 428
Factor Variance 102.11 88 144 .02 (0.00 0.03) 1.00 .981 1.31 0.46 1 496 .003
Factor Mean 104.50 89 125 .02 (0.00 0.03) 1.00 979 1.34 2.81 1 .094 —0.002
Age (180 GenZ vs 315 GenY vs 401 GenX)
Configural 130.90 105 .044 .03 (0.01 0.04) .99 .968 1.39
Weak 141.48 123 122 .02 (0.00 0.04) 1.00 977 1.54 16.26 18 .574 .009
Strong 163.21 141 .097 .02 (0.00 0.04) 1.00 972 1.65 22.62 18 .206 —0.005
Strict 25.27 20 .191
Factor Variance 187.91 143 .007 .03 (0.02 0.04) .99 944 1.83 11.39 2 .003 —0.028
Factor Mean 189.32 145 .008 .03 (0.02 0.04) 1.00 .945 1.85 2.83 2 .243 .001
Education level (536 up to the diploma vs 356 up to the PhD)
Configural 82.91 70 139 .02 (0.00 0.04) 1.00 .984 1.10
Weak 90.48 79 178 .02 (0.00 0.03) 1.00 .986 1.21 9.61 9 .383 .002
Strong 107.18 88 .081 .02 (0.00 0.04) 1.00 .976 1.32 18.14 9 .034 —0.010
Strict 19.52 10 .034
Factor Variance 134.88 89 <0.001 .03 (0.02 0.05) .99 .943 1.53 17.03 2 <0.001 —0.033
Employment status (134 students vs 588 workers vs 173 ’other’)
Configural 126.79 105 .073 .03 (0.00 0.04) 1.00 971
Weak 136.39 123 .193 .02 (0.00 0.04) 1.00 .982 1.52 14.87 18 .671 .011
Strong 158.95 141 .143 .02 (0.00 0.04) 1.00 976 1.64 24.10 18 152 —0.006
Strict 25.09 20 .198
Factor Variance 171.18 143 .054 .03 (0.00 0.04) 1.00 .963 1.74 7.52 2 .023 —0.013
Factor Mean 172.49 145 .059 .03 (0.00 0.04) 1.00 .964 1.76 2.49 2 .288 .001
Political orientation (333 right vs 294 center vs 269 left)
Configural 135.35 105 .025 .03 (0.01 0.05) .988 .960 1.42
Weak 144.65 123 .089 .02 (0.00 0.04) .999 971 1.57 15.99 18 .594 .011
Strong 163.06 141 .099 .02 (0.00 0.04) 1.00 971 1.66 18.55 18 420 .000
Strict 23.27 20 276
Factor Variance 162.40 143 .128 .02 (0.00 0.04) 1.00 974 1.68 2.00 2 .368 .003
Factor Mean 181.44 145 .022 .03 (0.01 0.04) .998 .952 1.81 11.17 2 .004 —0.022
Religious affiliation (474 yes’ vs 423 'no’)
Configural 97.13 70 .018 .03 (0.01 0.04) .996 .966 1.20
Weak 111.28 79 .010 .03 (0.02 0.04) .997 .959 1.36 14.80 9 .097 —0.007
Strong 117.89 88 .018 .03 (0.01 0.04) 1999 .962 1.40 6.65 9 .674 —0.003
Strict 12.29 10 .266
Factor Variance 118.52 89 .020 .03 (0.01 0.04) .999 .962 1.42 1.33 1 0,2483 .000
Factor Mean 132.00 90 .003 .03 (0.02 0.04) .996 .947 1.52 7.00 1 0,0082 —0.015

belief factors: PSIB (r = —.316, p < .001), SB (r = -.421, p < .001), RB (r = -.398, p < .001), EEB (r = —.406, p < .001), and MEDB (r =
—-.394, p < .001). Standardized correlations indicated that the SRS was positively associated with CCA (r=0.118,p < .01) and CCB (r=
0.131,p < .01).

4. Discussion

Using a sample of 897 Italian participants aged 18 and over, the present study aimed to provide validity evidence for the Italian
adaptation of the SRS, through SEM, in line with the contemporary view of validity (Hubley & Zumbo, 2011). The results offer strong
evidence of the instrument’s psychometric robustness and cross-group applicability, addressing key gaps in the measurement of sci-
entific reasoning within the Italian context.

4.1. Summary and interpretation of findings

Confirmatory factor analysis supported the unidimensional structure of the Italian SRS, with all ten retained items showing
acceptable loadings (>0.30) after the removal of one item (response bias) due to a low loading. Although some loadings were modest
(e.g., items related to *Control group’ and "Double blind’), this is expected for broad constructs with diverse facets (Brown, 2015; Kline,
2023). Facets represent distinct aspects of a broad construct (e.g., blind/double-blind, causality, confounding variables, construct
validity, control group, ecological validity, history, maturation, random assignment, reliability, and response bias) that together define
its conceptual breadth. As Kline (2023) notes, constructs with multiple facets often yield modest loadings for some items, since each
indicator taps a different facet while still contributing to the overarching latent dimension. Composite reliability was modest but
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acceptable, likely reflecting the limited number of items (as reliability typically increases with scale length; Cortina et al., 2020;
Graham, 2006). It also reflects the conceptual breadth of the scientific reasoning construct, which spans ten distinct content domains or
facets (Little et al., 1999).

Measurement invariance analyses demonstrated the scale’s robustness across gender, age, employment status, political orientation,
and religious affiliation. These findings suggest that the SRS functions equivalently across different groups, enabling meaningful
comparisons. This full invariance enhances the scale’s applicability to Italian adults regardless of their background, ensuring that any
observed differences are real and not due to measurement bias.

In line with previous studies from the U.S., Israel, and Turkey (Drummond & Fischhoff, 2017; Golumbic et al., 2023; Muslu Kaygisiz
et al., 2018), no gender differences were observed. However, in our sample, for strong invariance in the gender comparison, item 9
(’Some researchers want to verify if a psychoeducational intervention helps children improve their eating habits. The children
participating in the study will be divided into an intervention group and a control group’) needed to be freed: females were more likely
than males to answer incorrectly despite equivalent latent trait levels. One possible explanation is that emotional, ethical, or moti-
vational factors, such as stronger affective responses to child-related interventions, might differentially influence reasoning processes
in this context (Golumbic et al., 2023; Shah et al., 2017). From a validity perspective (AERA, APA, & NCME, 2014; Zumbo & Hubley,
2017), this tentative finding suggests a line of inquiry for future research aimed at examining potential sources of construct-irrelevant
variance. While this partial non-invariance does not undermine the validity of the scale as a whole, it highlights the value of further
investigation to determine whether and how such factors may affect item functioning across gender groups.

No significant differences emerged across age, employment status, political orientation, or religious affiliation, indicating that the
SRS operates equivalently for these groups. For these variables, however, our findings of invariance only partially align with earlier
work, where results have been more mixed. Such discrepancies may reflect methodological differences; for instance, the use of factor
means in the present study versus raw score comparisons in others, or cultural factors that influence how demographic variables are
experienced across contexts (Moyser, 2002).

Education level emerged as the only demographic variable with significant effects on latent means: participants with a university
degree scored higher on scientific reasoning, even though structural invariance held. This finding reinforces the link between higher
education and advanced reasoning skills, as highlighted in prior research (Bao et al., 2022) and international frameworks such as PISA
2025, which promote scientific reasoning as a core civic competency. At the same time, it signals the risk of uneven skill distribution
across the population, pointing to the need for broader access to educational opportunities that cultivate scientific reasoning.

Convergent validity was confirmed by significant positive correlations between the SRS and both the Cognitive Reflection Test and
the Probabilistic Reasoning Scale, replicating patterns observed in the original development and validation work. Criterion-related
validity was also supported, as higher scientific reasoning scores were associated with lower endorsement of paranormal and pseu-
doscientific beliefs, and with greater awareness of and attribution of climate change to human activity, although the correlations with
climate change variables were small, again in line with previous findings (Drummond & Fischhoff; 2017).

4.2. Methodological contributions and gaps addressed

This study also offers several methodological strengths. First, the use of a quota-based sample of Italian adults, designed to
approximate national representativeness through stratification by age, gender, and geographical region, increases the stability and
generalizability of the results. Second, the validation process followed best practices for measurement transparency, as recommended
by Flake and Fried (2020), by explicitly documenting scale selection, adaptations, and psychometric decisions. Third, the research
embraced principles of open science, following the four-pronged framework proposed by Gai et al. (2025), which promotes transparent
design, contextualized interpretation, responsible generalization, and inclusive evaluation practices. These elements reinforce the
validity and replicability of our findings.

Moreover, this study addresses two significant gaps in existing literature. First, to date, no previous research has employed SEM to
provide validity evidence for the SRS, nor has measurement invariance been tested; as a result, no empirical evidence has supported
the assumption that the scale functions equivalently across different groups or cultural contexts. Second, no measure of scientific
reasoning with established validity evidence is currently available for the Italian population. Providing validity evidence for psy-
chological instruments across cultural contexts is essential not only for extending the cross-national applicability of a construct, but
also for contributing additional support for validity, particularly in terms of generalizability across diverse administration settings.
This approach is consistent with contemporary perspectives on validity (Hubley & Zumbo, 2011), which emphasize the importance of
gathering evidence from multiple sources and contexts. Furthermore, identifying and defining constructs is a foundational step in the
development of psychological theory, as empirical research relies on the availability of valid tools to measure such constructs.
Construct validation, defined as the process of collecting evidence to confirm that an instrument measures what it claims to measure, is
a difficult and necessary part of the research process (Cronbach & Meehl, 1955; Flake & Fried, 2020). By addressing both of these gaps,
this study contributes to the international development of scientific reasoning as a measurable and culturally generalizable construct.

4.3. Educational and social implications

Beyond its psychometric validation, this work underscores the societal relevance of scientific reasoning as a core competency for
navigating complex information, evaluating evidence, and resisting misinformation, skills that, as emphasized by Allchin et al. (2024),
are increasingly critical in today’s media and information landscape. The uneven distribution of these skills, particularly along

educational lines, calls for the systematic inclusion of scientific reasoning instruction in curricula, starting from compulsory education.
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A further consideration concerns cultural and educational characteristics specific to the Italian context. Italian schooling has
traditionally emphasized disciplinary content knowledge over inquiry-based or metacognitive approaches, with limited systematic
instruction in reasoning about evidence or uncertainty (Fasanelli et al., 2024). Moreover, national curricula tend to focus on scientific
content rather than on the epistemic processes underlying science learning. Recent Eurobarometer surveys (Publications Office of the
European Commission, 2021, 2025) consistently show that Italian adults display comparatively lower levels of trust in science and
lower self-reported understanding of scientific information compared with the EU average. These findings point to a broader cultural
climate in which scientific reasoning is often perceived as remote from everyday thinking. Such structural and cultural features may
partly explain the association between higher education and stronger scientific reasoning observed in our data, as formal exposure to
research methods and epistemological reflection usually occurs only in advanced stages of education. Strengthening inquiry-oriented
teaching practices and explicitly incorporating reasoning about evidence into earlier levels of schooling could therefore represent a key
educational priority.

The Italian SRS has potential applications in multiple domains: in education, it can help identify reasoning gaps, guide curriculum
design, and evaluate interventions; in science communication and outreach, it can support efforts to monitor and promote evidence-
based reasoning among the general public.

4.4. Limitations and future directions

Several limitations should be acknowledged. First, the SRS items represent typical laboratory research scenarios, and participants
are required to evaluate an artificial context and select the correct answer. The scenario used may be less accessible to individuals
without formal scientific training. As such, the ecological validity of the measure may be limited, and generalizations to real-world
reasoning should be made with caution. Future studies could complement this measure with instruments grounded in everyday
scenarios to assess informal or intuitive scientific reasoning (e.g., Golumbic et al., 2023).

Second, the change of response format represents an adaptation rather than a direct translation of the original SRS. Although the
core content and intent of the items were preserved, this change may have influenced response dynamics and measurement properties.
The adapted version improves ecological and linguistic fit in the Italian context, enhancing clarity and interpretability of responses.
However, it may also limit the direct comparability of findings with studies using the original format.

Third, one item, assessing response bias, was removed due to insufficient factor saturation. While this exclusion improved the
psychometric fit of the model, it also resulted in the loss of a meaningful aspect of the scientific reasoning construct. Future studies
should explore alternative ways to assess response bias and incorporate it into the scale in a psychometrically robust manner.

Fourth, while confirmatory factor analysis confirmed a unidimensional structure, some items showed modest factor loadings,
suggesting variability in how strongly each item contributes to the latent construct. This points to the potential benefit of refining
specific items or developing parallel forms to enhance conceptual clarity and measurement precision. Future research could also
employ alternative measurement approaches, such as item response theory (IRT) models, to examine more closely how individual
items function in relation to the construct and to provide a more fine-grained understanding of the scale’s internal structure.

Fifth, although the composite reliability is within an acceptable range for a brief psychological scale, it remains modest. This is
likely due to the combination of brevity and conceptual breadth: each item reflects a distinct facet of scientific reasoning, which
reduces inter-item correlations and thus internal consistency. This trade-off was intentional to ensure broad coverage of the construct.
Nevertheless, future research might increase the number of items within each facet or develop facet-specific subscales to improve
internal consistency without sacrificing construct representation. Moreover, the cross-sectional design limits the assessment of tem-
poral stability, which could be addressed through longitudinal or test-retest studies to examine score consistency over time or in
response to interventions.

Sixth, partial measurement invariance was observed for item 9 in gender comparisons, suggesting that emotional, ethical, or
motivational factors may differentially affect responses. Future research should investigate the sources of this construct-irrelevant
variance and consider refining or replacing the item to enhance measurement fairness. In addition, alternative measurement ap-
proaches such as item response theory (IRT) could be employed to examine item functioning in greater detail and to detect potential
sources of differential item functioning (DIF) across groups.

Finally, in line with the contemporary view of validity (e.g., Hubley & Zumbo, 2011), it is important to recognize that construct
validation is an ongoing process rather than a one-time achievement. Additional evidence, such as ecological validity from real-life
contexts, or psychometric robustness using alternative models like Item Response Theory (IRT), could complement the findings
presented here. Moreover, as the SRS now exists in at least four countries (Italy, the US, Turkey, and Israel), future cross-cultural
studies should investigate measurement invariance and potential cultural differences in scientific reasoning.

5. Conclusion

This study provides the first validity evidence for score interpretations from the Scientific Reasoning Scale in the Italian adult
population, delivering robust evidence of its psychometric soundness and cross-group comparability. By confirming a unidimensional
structure, establishing measurement invariance across key demographic variables, and demonstrating convergent and criterion-
related validity, we offer a reliable and culturally adapted tool for assessing scientific reasoning in Italy. The methodological rigor
adopted, including the use of SEM, a quota-based sample approximating national representativeness, and transparency in reporting,
also advances best practices in providing validity evidence for measurement instruments.

Theoretically, our findings strengthen the conceptualization of scientific reasoning as a broad yet coherent construct that is
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measurable across cultural contexts. The scale’s demonstrated invariance supports its use in cross-national research, fostering cu-
mulative theoretical development in the psychology of reasoning. Practically, the Italian SRS, supported by validity evidence, offers an
evidence-based instrument for educators, policymakers, and science communicators to diagnose reasoning gaps, inform targeted in-
terventions, and monitor progress in fostering evidence-based thinking. The observed link between higher education and stronger
reasoning skills underscores the importance of embedding scientific reasoning instruction early and systematically in formal educa-
tion, as well as promoting lifelong learning opportunities to reduce skill disparities in the wider population.

By bridging a significant gap in the availability of measures with established validity evidence, this study not only extends the reach
of the SRS but also contributes to the international effort to conceptualize, assess, and strengthen scientific reasoning, an essential
competency for informed citizenship in an era of complex global challenges.

Ethics approval
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