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ABSTRACT

This registered report (N =2,466; >90% power to detect d>0.13) tested
whether imagining oneself in large and religious places, such as cathedrals,
promotes abstract thinking. Participants imagined themselves in one of the
four experimental scenarios varying in size (large vs. small) and type (reli-
gious vs. secular), wrote about their imagined experience there, and com-
pleted validated measures assessing abstraction (neutral vs. religious
content) and personal religiosity. Consistent with preregistered hypotheses,
abstraction was higher in religious than secular places, for religious than
neutral content, and among more religious participants; the latter two
factors also interacted. In contrast, place size showed no effect.
Equivalence tests indicated that only effects involving personal religiosity
approached practical significance (d = .40). Overall, religiosity-related factors
predicted abstraction whereas spatial magnitude did not. Because spatial
magnitude was a proxy for the spatial dimension of psychological distance,
the findings did not support Construal Level Theory.

Introduction

Why do people tend to feel freedom, awe, transcendence, and a sense of contact with the universe
when they are in cathedrals? (Hall, 1966; Williams et al., 2007). While these feelings can be linked to
the rich history and spiritual significance of cathedrals, from a cognitive point of view, it is intriguing
to consider whether the vastness and religious nature of cathedrals could lead individuals to engage in
a more abstract way of thinking, focusing on resilient global meaning frameworks that transcend
momentary life situations (Heine et al., 2006; Vallacher & Wegner, 2012). In fact, awe and other
expansive emotions that individuals often experience in cathedrals (Hall, 1966) are related to spiritual
and religious feelings (Van Cappellen & Saroglou, 2012), and all these sentiments are associated with
a high level of abstraction (Davis et al., 2016; Nelson et al., 2022; Septianto et al., 2023). Why could
cathedrals induce abstract thinking? Is it just because they are large spaces? Is it because they are
religious spaces? Does this possible tendency to think abstractly inside cathedrals occur only in
religious people? And only when people think about religious topics, or also when they think about
topics unrelated to religion? In the present study, we will address these issues.
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The Construal Level Theory (CLT; Trope & Liberman, 2010; see also the Action Identification
Theory, Vallacher & Wegner, 2012) suggests that people interpret information at different levels of
abstraction, ranging from concrete to abstract construals (Michaels et al., 2013; Vallacher & Wegner,
1987, 1989). For example, thinking concretely about a given action implies attending to the specific
details of how the action is performed, whereas thinking abstractly implies attending to the purpose or
intention of that action. Consider the action of “reading.” A concrete interpretation of it could be
“following lines of print,” while an abstract one might be “gaining knowledge.” Therefore, the abstract
interpretation implies a more comprehensive and global meaning (Vallacher & Wegner, 1989). The
construal level at which people represent a concept has wide downstream consequences in a variety of
psychological domains, from decision-making to preferences and emotion regulation (Trope &
Liberman, 2010).

There are two factors that could explain why people in cathedrals think more abstractly and that
have been found to affect the abstraction level at which information is processed: their size and their
religious nature. Regarding the effect of size, Meyers-Levy and Zhu (2007) showed that participants in
a relatively smaller room (with a lower ceiling) processed information less abstractly than participants
in a bigger room (with a higher ceiling; see also Moore et al., 1979). They also found that the construal
level was primed by confinement-related versus freedom-related concepts, respectively. Other studies
showed that the abstraction level increases when perceiving a greater distance on the vertical axis,
which happens in larger spaces, or simply by looking upward (Nussinson et al., 2021; Slepian et al.,
2015; Van Kerckhove et al., 2014; for a methodological discussion of these studies and findings, see the
following section). Thus, since cathedrals are large buildings, people could be biased to think abstractly
within them, which could in turn increase the likelihood of having feelings of freedom and transcen-
dence (Hall, 1966). The first goal of the present project is to test whether or not people think more
abstractly within large than small places.

Secondly, people may also think abstractly inside cathedrals because they are religious places, which
could make them think about religion-related content and connect with religious feelings. Previous
literature has shown that religiosity is positively related to abstract thinking (Michaels et al., 2021,
2022; see also Newton & McIntosh, 2013), possibly because religion offers meaning in terms of global
and comprehensive beliefs and goals and encourages cognitively broad frameworks for interpreting
events (e.g., Davis et al., 2016; McKay & Whitehouse, 2015; Newton & Mclntosh, 2013; Park, 2005,
2013a, 2013b; Pohlmann et al., 2006; Schweiker, 1969; Silberman, 2005). Thus, being in religious
settings (such as temples) might then make people think more abstractly than being in neutral settings
(such as houses). However, there is at present no direct evidence in this regard. Thus, the second goal
of the present work is to study whether religious places induce a greater abstraction level than neutral
places. We will also try to replicate some important prior findings in this regard: whether more
religious people tend to think more abstractly than less religious people; and whether religious
contents are processed at a higher abstraction level than neutral contents (Michaels et al., 2021, 2022).

These religiosity-related variables could interact over-additively. For example, there is the possibi-
lity that more religious people think more abstractly especially in religious places, and especially when
thinking about religious content. These possibilities have yet to be explored, but there are some hints
in the published literature: Michaels et al. (2021, in their Table 3) observed a medium-size correlation
of 0.48 < r < 0.54 between different measures of personal religiosity and the abstraction level when
thinking about religious contents (e.g., reading a holy book), whereas they reported small correlations
(0.06 < r<0.10) between religiosity and the abstraction level of neutral contents (e.g., reading). Thus,
the third goal of the present work is to study the interactions between the religiosity of the place, the
person, and the content on the abstraction level.

Review of prior literature on the effects to be examined

How solid are the effects that the present work builds upon? These are the effects of (1) room size
(Meyers-Levy & Zhu, 2007) and verticality (Nussinson et al., 2021; Slepian et al., 2015; Van Kerckhove
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etal., 2014) on construal level; and (2) the correlation between religiosity and construal level (Michaels
et al., 2021, 2022). And, how solid is the overall empirical support for the Construal Level Theory
itself? Available evidence does not provide a clear answer to this question.

CLT is a highly influential theory in psychology, but it currently faces strong debate regarding its
empirical foundations. On one hand, dozens of published studies claim support for the main predic-
tion of the theory: the effect of psychological distance on abstraction level (Soderberg et al., 2015),
including some recent highly-powered studies, both novel (Nussinson et al., 2024) and replications of
CLT’s basic findings (Grinfeld et al., 2024; Nguyen et al., 2023; Sdnchez et al., 2021). The meta-analysis
by Soderberg et al. (2015) found that, overall, the effect of psychological distance on abstraction level is
medium-sized.

On the other hand, important concerns have been raised against this body of evidence. Many
previous studies testing CLT have either used invalid materials to measure the abstraction level or have
relied on measures of unknown validity (MacGiolla et al., 2025). Furthermore, many studies could
suffer from low statistical power due to small sample sizes (median N = 48; see Calderon et al., 2023).
Additionally, both Soderberg et al. (2015) and a recent meta-analysis by Maier et al. (2022) found
strong evidence of publication bias in the CLT literature, which can lead to an inflated estimation of
effect sizes in that literature, casting doubts on the effects found in previous meta-analyses (however,
discussion rages regarding what is the best method of correcting the meta-analytic effect size for
publication bias, see Grinfeld et al., 2024). A high-powered replication study of the basic effects of
psychological distance on abstraction level is currently underway (Calderon et al., 2023; also see the
CLIMR project at https://climr.org/), but there are no current plans to replicate the effect of space size
or religiosity on abstraction level.

Similar methodological issues affect the studies we aim to conceptually replicate in the present
study. The available investigations into the effects of spatial dimensions like room size and verticality
on construal level demand close scrutiny due to lack of power, potential p-hacking, and/or publication
bias. Regarding power, and given the potential inflation of effect sizes in the literature, it seems safer to
plan for a small-to-medium-sized effect (about d = 0.4; see Brysbaert, 2019). For example, Meyers-
Levy and Zhu’s (2007; Exp. 2) study on room size, with a sample size of 50 per group, falls short of the
required sample size to detect such a small effect in a between-group comparison with 80% power and
a = .05, which would require 100 participants per group (see Brysbaert, 2019).

Moreover, the possibility of some reported effects being false positives should also be considered.
For instance, Van Kerckhove et al. (2014), when studying the effect of looking up or down on
construal level, interpreted it as a significant p-value that does not reach the standard alpha value of
0.05 (a p-value of 0.068 in Study 2). In the same direction, the study of the effect of verticality on
construal level by Slepian et al. (2015) also used small samples (about 20 per group) and reported
effects that, though statistically significant, were often very close to a p-value of 0.05, suggesting the
possibility of p-hacking or, at least, of a not very robust effect (see Simonsohn et al., 2014).

Finally, the measures employed in many of these studies may not be valid for assessing construal
level. A recent study by MacGiolla et al. (2025) tested the validity of several popular measures to detect
changes in construal level by directly asking their participants to think in a concrete or abstract way.
Out of the five measures included in the study, the only one that behaved as expected under such an
extreme manipulation of construal level was the Behavioral Identification Form (BIF; Vallacher &
Wegner, 1987), a task in which participants have to choose an abstract or concrete interpretation of
a series of actions (such as “reading”). Most of the studies that have assessed the effects of size and
verticality on construal level have either used measures of unknown validity or that failed the
validation test in MacGiolla et al. (2025): Meyers-Levy and Zhu (2007), Van Kerckhove et al.
(2014), Nussinson et al. (2021, Study 1) and two of the three experiments in Slepian et al. (2015).
Only one experiment in Slepian et al. (2015) used the BIF.

The relationship between personal religiosity and abstraction level when thinking about both
neutral and religious information seems to be established on more solid grounds, and it has been
measured using the BIF and highly related measures. Michaels et al. (2022) measured construal level
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using the BIF, and Michaels et al. (2021) created the Religious Behavioral Identification Form (RBIF),
which is a modified version of the BIF using actions of religious meaning (such as “reading a holy
book™). The RBIF has received initial psychometric support providing evidence of construct validity
for measuring abstraction level (Michaels et al., 2021). Importantly, positive correlations of BIF and
RBIF with several measures of religiosity were found in well-powered designs. However, to the best of
our knowledge, these two studies constitute the empirical evidence regarding the direct relation
between religiosity and construal level.

All in all, the evidence on which the present study stands is limited to a few studies, and most of
them could suffer from methodological limitations. This is why a primary goal of the present study is
to conceptually replicate these prior findings using a Registered Report format with an adequately
powered design and sensitive measures of construal level.

Goals and hypotheses

We aim to investigate how abstraction level is affected by 1) the size of the place where people are
located (large vs. small); 2) the religiosity of the place (temples vs. secular places); 3) the religiosity of
the person; and 4) the religiosity of the information content that the person is considering (religion-
related vs. neutral). We will also assess all interactions between these factors, although we do not have
specific hypotheses about some of them. To this end, we will conduct an experiment between groups in
which participants will imagine themselves in a place that will vary in size and type, either religious or
non-religious (huge cathedral, tiny chapel, huge palace hall, and tiny house room). Then, the
participants will respond to measures of abstraction level (adapted and validated versions of the BIF
or RBIF) and personal religiosity.

The hypotheses of the present study concern the four main effects, two of which are replications of
reported effects and two are novel effects: (H1) Larger places will induce higher abstraction level than
smaller ones (conceptual replication of Meyers-Levy & Zhu’s2007); (H2) Religious places will induce
higher abstraction level than neutral places (novel effect); (H3) More religious people will show
a higher abstraction level than less religious people (replication of Michaels et al., 2021, 2022); (H4)
Religion-related contents will be interpreted at a higher abstraction level than neutral contents (novel
effect, although there are some indications in Michaels et al., 2021). In addition, (H5) we expect over-
additive interactions among the religiosity-related variables, i.e., between: (H5a) the religiosity of the
place and personal religiosity (novel effect); (H5b) the religiosity of the place and the type of content
(religious vs. non-religious; novel effect); (H5c¢) the personal religiosity and the type of content (novel
effect, although with indications in Michaels et al., 2021); and finally, (H5d) the three-way interaction
among these variables.

We will collect a sample size that will provide at least 90% power to detect small-to-medium effects
of d=0.4 in the main effects and the interactions among the religiosity variables, as well as to show
their equivalence with a zero effect in case of finding non-significant results. Finally, we will also
explore the remaining two-, three-, and four-way interactions, although with less than 90% power.

Implications

We believe the questions to be tested in this study are of scientific, theoretical, and practical
importance. At the scientific level, we will study the issues listed above in a highly powered design
using valid measures of abstraction level and sound statistical methods (see below), following open
science practices. Regarding theoretical relevance, the present study will have important implications
for Construal Level Theory by showing a new way in which people’s abstraction level is affected by the
physical characteristics of the places that surround them (Aggarwal & Zhao, 2015).

Finally, regarding practical implications, we hope to shed light on some of the motivations behind
the construction of ever-larger religious spaces during history, with important implications for the
design of future spaces of this kind. If our predictions are confirmed, larger religious places, such as
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cathedrals (vs. smaller ones, such as chapels, or non-religious places), will induce people (or, at least,
religious people) to adopt a higher abstraction level. In turn, this may lead them to have more spiritual
thoughts and feelings (Park, 2013b) and a greater adherence to moral principles (Eyal & Liberman,
2012), which could have important consequences for people’s religiosity and lives.

Methods

The Introduction and Methods were approved at Stage 1 of the registered report and remain
unchanged, except for minor editorial revisions and a correction to the SESOI value used in the
simulations, which had slightly underestimated the intended effect size. As a result, the actual
statistical power achieved in this study is higher than originally reported at Stage 1. This adjustment
is shown below in the Sample Size Justification section.

Participants

Sample size justification

The data was analyzed using a linear regression model including three categorical predictors, Place
Size, Place Type, and Content Type, and one continuous predictor, Personal Religiosity, as well as all
possible interactions among them. The three categorical predictors were coded —0.5, +0.5 (effect
coding), and the continuous predictor was also centered in zero. Therefore, the intercept of the model
corresponds to the grand mean. The three categorical factors were manipulated between groups. In
this design, we aimed for 90% statistical power to detect a Smallest Effect Size of Interest (SESOI) of d
=0.4 in the contrasts on which we have specific hypotheses, that is, the main effects of all categorical
factors, the two-way interactions between the three religiosity factors (Place Type, Content Type, and
Personal Religiosity), and the three-way interaction between them. Using a SESOI of d=0.4 is
recommended by Brysbaert (2019) when there is no good basis to estimate the size of an effect in
psychology, because it is the average effect size observed in several large-scale replication attempts and
meta-analyses, and it is also the smallest effect that has practical significance.

To compute power and sample size for this design, we used the following strategy (the supple-
mentary script shows the details of this process). Our starting point was the results reported by
Michaels et al. (2021, compiled in their Table 3), who collected data from 515 English-speaking
participants from Europe, Canada, and the United States (the same population that the present study
addresses). These participants filled out, among other questionnaires, the original BIF (Vallacher &
Wegner, 1989), the RBIF (developed by Michaels et al., 2021), and the Santa Clara Strength of
Religious Belief Scale (Plante & Boccaccini, 1997). These three measures are used in the present
study (with some adaptations in the BIF and RBIF) to assess the abstraction level at which the
participants construe non-religious and religious actions, as well as to measure their personal
religiosity. After converting each measure to per-item averages of abstract choice, we used the average
of the overall means of the BIF and RBIF (M = 0.669) as an estimate of the intercept of the model, and
the average of the overall variability in BIF and RBIF (SD = 0.216) as an estimate of the error term of
the model. We then used these values to compute the amount of unstandardized change (beta) in
abstraction level that corresponds to our SESOI of d = 0.4, a beta of 0.086. We set to that value the betas
of all effects and interactions, with the exception of the main effect of the continuous factor Personal
Religiosity. In this case, an effect of d = 0.4 corresponds to a correlation of r=0.2 (Brysbaert, 2019).
Using this correlation, plus the overall variability of BIF and RBIF, we estimated the beta value of
Personal Religiosity at beta = 0.052.

However, due to a typographical error in the simulation function, the implemented value for the
simulated effects was beta = 0.068 instead of the intended beta = 0.086. This corresponds to an actual
standardized effect of approximately d = 0.31. Consequently, the power curves reported in the Stage 1
registered report (Figures S1 and S3) slightly underestimated the study’s true sensitivity to detect d =
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0.4. Therefore, new supplementary figures (S1b and S3b) have been added using the intended
parameter value (beta = 0.086).

To estimate statistical power, we generated 1000 simulated datasets based on our model’s specified
parameters and systematically varied sample size. Starting with an initial group size of 20 participants
per condition, we increased group size in steps of 10 until reaching a maximum of 310 participants per
group. This iterative process enabled us to assess the frequency of statistically significant effect
detection (power) for each model term across different sample sizes. These power estimations are
plotted in Figure S1 (this figure was originally created using beta = 0.068 instead of the intended f =
0.086; see the corrected version in Figure S1b, with beta =0.086, which shows a higher statistical
power).

Our analysis, based on the preregistered simulations using the stricter value § = 0.068, revealed that
for the most complex predicted interaction (the three-way interaction among Personal Religiosity,
Place Type, and Content Type), groups of 300 individuals are required to achieve 90% power. With
eight groups, this means a total of 2400 participants. This sample size will allow us to test the four main
effects and all the two-way interactions of Personal Religiosity with each categorical factor with 100%
power, the two-way interactions involving only the three categorical factors with power well above
90%, and the three three-way interactions in which Personal Religiosity takes part with power very
close to 90%. Only the three-way interaction of the three categorical factors and the four-way
interaction of all factors will not reach a satisfactory level of power with this sample size (see Figure
S1 in the supplementary materials). For this reason, and because we do not have specific hypotheses
about them, the findings regarding these interactions will be considered exploratory.

Therefore, we collected 300 valid participants in each of the eight groups of the design. The
participants who needed to be filtered out from the analyses for not meeting all the requirements
(see section “Criteria for post-data collection exclusion of participants,” e.g., attentional checks) were
replaced by additional participants until reaching our goal.

Because the implemented beta was smaller than originally intended, the preregistered simulations
were more conservative than necessary. When re-running the simulations with the corrected beta =
0.086 (corresponding to d = 0.40), the power for all model terms exceeded .99 at the chosen sample size
(see Figure S1b). Thus, the final design was in fact overpowered relative to the preregistered smallest
effect size of interest (SESOI = d = 0.40), providing very high sensitivity to detect or reject medium-
sized effects. For transparency, the original power curves based on 5 = 0.068 are retained in Figure S1
of the Supplementary Materials, and the corrected version using a beta=0.086 is presented in
Figure S1b.

Power for equivalence testing

When planning for a future study, apart from having a high chance of detecting a real effect, it is also
important to have good power to be able to claim that the observed effect is negligible should it fail to
be significantly different from zero. In other words, to be able to claim that the observed effect is
significantly smaller than the SESOI (see Lakens et al., 2018, for a tutorial), which we have set here to d
= 0.4. The way this is often carried out is by means of TOST tests, which are two one-sided t-tests, the
first of which tells us whether the results are surprisingly smaller than a positive SESOI, and the second
of which tells us whether the results are surprisingly larger than a negative SESOL. If both conditions
are met, the found effect is claimed to be negligible or equivalent to zero.

In our case, we undertook this enterprise also by means of data simulations. The way this is usually
approached is by simulating the data assuming zero effects (as did Brysbaert, 2019). These data can
then be submitted to the TOST test or to a Cl-based test by computing a CI around the obtained beta
and checking whether the CI is fully included within the interval between the negative SESOI and the
positive SESOL. If it is, the observed effect is claimed to be negligible. The important point to take into
account here is that this CI should be constructed at the (1-2*alpha) level, that is, 90%, instead of the
(1 - alpha) level or 95% (see Alter & Counsell, 2023, and references therein), because the two contrasts
on the two sides of the CI are actually two independent one-sided tests. The percentage of simulations
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that is found to be negligible constitutes the power of the equivalence test. We carried out such
simulations, which revealed a pattern very similar to the prior power analysis (see Figure S2 in the
supplementary materials): to claim that the highest-order predicted interaction (the three-way inter-
action between Place Type, Content Type, and Personal Religiosity) is negligible when the real effect is
zero the present design will have more than 90% power with samples of 300 participants per group.
This sample size will also secure more than 90% power (often close to 100%) for this kind of
equivalence test in all four main effects, all six two-way interactions, and two of the three unpredicted
three-way interactions.

However, it can be argued that the assumption that the effect will be exactly zero will never
correspond to reality and that any small variation in the size of the effect in either direction will affect
the power observed in the simulations. Unfortunately, to the best of our knowledge, there are no
analytical approaches to compute the power of equivalence tests for complex designs, such as the
present one, and simulations must always presuppose a specific effect size, not a range of them.
However, another aspect of the present study suggests that the power to reject an effect at least as large
as the SESOI should be high for most contrasts. As all our hypotheses are directional, any effect smaller
than the SESOI will fail to support them. That is, we do not need to run a TOST, but it will be enough
to show that the observed beta is smaller than the lower limit of the 90% CI around the beta of the
SESOI. Using our first set of simulations (those assuming a SESOI of d =0.4), in Figure S3 (beta =
0.068) in the supplementary materials, we have plotted the observed beta for each model term and
sample size and the lower limit of a 90% CI around it. These charts show that, for all model terms, at
the intended group size of 300 there is a wide range of potential positive betas that will fall below the
90% CI, indicating that the effect is surprisingly smaller than the SESOI even if it is still positive. An
updated version with the corrected beta =0.086 (Figure S3b) is also provided. With this corrected
SESOI, all model terms converge around the expected value, and their 90% confidence intervals
remain well above zero even for moderate sample sizes, confirming that the final design had sufficient
precision to detect effects of the preregistered magnitude (d = 0.40).

Of course, there is a chance that the real effects are not as small as the SESOI that we have used in
our a priori power analysis. For example, estimating the beta of the main effect of Personal Religiosity
from the correlations and SDs empirically observed by Michaels et al. (2021, in their Table 3) between
the BIF and RBIF and the Santa Clara scale suggests that the size of the effect of this factor is larger
than our SESOI. Regarding the main effect of Content Type, the same study reported a difference
between the overall means of BIF and RBIF of 0.2 points, more than twice our estimation of 0.086. Less
likely, but also possible, it might also be the case that the effect of Place Size is in line with the medium-
sized meta-analytic effect reported in the meta-analysis by Soderberg et al. (2015) for effects of
psychological distance on construal level. We cannot but speculate about the main effect of Place
Type, but it might also be larger than a d = 0.4 effect. If any or several of the main effects are larger than
we have estimated, the interactions might also be of larger size and, therefore, easier to detect. This
suggests that the efficiency of data collection could be maximized if a sequential analysis strategy is
adopted (Lakens, 2014, 2022; Wald, 1947). However, sequential analysis always comes with a (often
small) reduction in power. As reaching 90% power is mandatory for the present study, we decided to
secure this power threshold for the highest predicted interaction using a group size of 300. So, the data
will be analyzed only after the whole sample is collected.

Participant recruitment, selection, and compensation
Data was collected online. The study was implemented on the LimeSurvey platform (https://www.
limesurvey.org/), and participants were collected using the Prolific Academic platform (https://www.
prolific.com/; see Peer et al., 2017, to know the advantages of using this platform over other participant
collection platforms). All participants received the same economic compensation for their participa-
tion (the equivalent of $8 per hour).

All participants were adults (aged 18 and over) living in Europe, Canada, or the USA, pre-screened
to be fluent in English and who consider themselves to be either Christians or nonbelievers. The latter
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criterion was implemented because the temples used for the room size induction (a huge cathedral vs.
a tiny chapel) are Christian temples, and the induction might affect people from other religions
differently. We also collected information on the participants’ religious affiliation within Christianity
to explore the generality of the results. We programmed the study so that pre-screened participants
were randomly assigned to the different conditions of the study. The participants’ identities were
protected by the Prolific data treatment system (see https://researcher-help.prolific.com/en/articles/
445118-data-protection-and-privacy).

The Prolific platform collected the required sample size from participants who had completed the
study. Data from participants who dropped out of the study before completion was not analyzed. All
questions in the study were compulsory.

Materials

Demographic questionnaire
We collected a series of questions assessing gender, age, race, education, and religious affiliation.

Place type and size inductions

We employed instructions based on descriptions to prompt each group to imagine themselves in
a specific setting (huge vs. tiny and religious vs. neutral spaces): a cathedral, a chapel, a palace hall, or
a house room. These instructions were designed to control for variations other than the relevant
contrasts and to deeply engage participants in the scenarios. The induction instructions consisted of
a text where only the words related to the relevant contrasts differed between conditions: size
(contrasting words like “huge” vs. “tiny”) and religiosity (contrasting words like “altar” vs. “table”).
To assess the word abstraction level, we used the “doc2concrete” package (Yeomans, 2021) in R (R
Core Team, 2022), which is linked to a database with people’s perceptions of the concreteness (as
opposed to abstractness) level of approximately 40,000 English words (Brysbaert et al., 2014). We
compared the concreteness level of each word pair (e.g., “huge” vs. “tiny”) using Student’s t-tests. Our
results indicated no significant differences between the words in any pair. Furthermore, we conducted
a TOST with a predetermined SESOL These tests showed that the mean differences in concreteness
levels between the words in each pair were not significantly different from the SESOI, suggesting that
the words in each pair have an equivalent concreteness (and abstractness/abstraction) level. See the
instructions with the full descriptions, including the word pair alternatives for each scenario in the
supplementary materials. See also the analysis script used to compare the abstractness/abstraction level
for each pair of words (all these documents are available at the OSF repository).

Previous literature shows that descriptions of situations or scenarios in which participants have to
imagine themselves are able to induce an abstraction level (see Trope & Liberman, 2010 for a review),
including when the abstraction level is measured by selected items from BIF (see Fujita et al., 2006).
While, to our knowledge, previous research has not explicitly employed descriptions of places with
specific characteristics to induce abstraction levels as we will, we consider that the core methodology of
envisioning oneself in a situation or scenario followed by responding to BIF items is consistent with
prior studies. For example, in Fujita et al. (2006), participants had to imagine themselves helping
a friend to move from a near versus a distant city.

To make participants feel immersed in the imagined scenarios we used the following strategies: 1)
Participants were instructed to vividly imagine themselves within these detailed scenarios, expressing
their emotions and hypothetical actions; 2) They then summarized their imagined experiences in brief
narratives of a minimum length of 100 words (divided into two narratives of at least 50 words each); 3)
To prevent participants from copying responses from external sources, the experiment was pro-
grammed so that they could not copy or paste text into the response boxes but had to type their
answers directly. Furthermore, there were specific participant exclusion criteria to filter out (see
“Criteria for post-data collection exclusion of participants” section): 1) those who were not able to
imagine themselves in the scenarios or did so vaguely (we expected this to happen to approximately


https://researcher-help.prolific.com/en/articles/445118-data-protection-and-privacy
https://researcher-help.prolific.com/en/articles/445118-data-protection-and-privacy

388 (&) C. CALLIZOETAL.

4% of the participants; see Dance et al., 2022); 2) those who did not pass the induction attention check;
and 3) those who did not pass the narrations content filter (explained below).

Validation of induction instructions and narrations content filter. We conducted a pilot study with
40 fluent English-speaking participants, including both Christians and non-religious individuals,
distributed across the four conditions with two main goals. The first one was to verify the effectiveness
of the scenario induction instructions and the difficulty level of the task. The results showed
participants easily followed the task, averaging 4.63 out of 5 (where 1 is not at all and 5 is complete)
for imagining themselves in the setting and rating the narration task’s difficulty at 4.20 out of 5 (where
1 is very difficult and 5 is very easy).

The second goal of our study was to validate a narrative filter designed to determine whether
participant narratives are related to the described scenario for each condition (huge cathedral, tiny
chapel, huge palace hall, tiny house room). The validation criteria required each narrative to include at
least two keywords relevant to its specific scenario. To do so, we first used an Al to generate a list of
synonyms and related words for each condition. Table S2 in the Supplementary Material shows a list
indicating the words related to the size of the scenarios (27 words for “huge” and 27 for “tiny”), and
another list indicating words related to the type of scenario (27 words for “religious” and 27 for
“historical”). Furthermore, Table S3 shows a list of words specific to each setting (37 words for
“cathedral,” 37 for “chapel,” 37 for “palace,” and 37 for “room”). Each condition was linked to
a general keyword list that includes a total of 91 words from the three sub-lists.

To test the narrative’s content filter, we asked an Al to generate 25 narratives per condition that
adhered to each scenario and five narratives that diverged from the induced scenario. We instructed
the AI to simulate responses reflecting a range of socio-demographic profiles and varying levels of
religiosity. We then used a custom R code to apply the filter, which compared each narrative against
specific keywords for its condition. Narratives that mentioned at least two relevant keywords were
considered valid. This process confirmed the filter’s effectiveness in distinguishing valid from invalid
narratives (in 100% of the cases). Finally, upon confirming the filter’s robustness with AI narratives,
we applied it in our study involving 40 participants. A human judged each narrative as consistent with
the described scenario or not. The filter detected 97.5% of narratives as consistent with the induced
scenario. Finally, the interrater agreement between the human and automated filter achieved perfect
alignment, indicated by a kappa coefficient k = 1. That is, we checked that all narratives deemed
consistent by the filter (those containing at least two keywords from the specific condition) aligned
with the task requirements, while invalid ones did not (Al-generated narratives, participants’ narra-
tives, and scripts are at the OSF project’s page as Supplementary materials).

The Behavioral Identification Form

As described in the Introduction, the Behavioral Identification Form (BIF; Vallacher & Wegner,
1989) is a classic measure of the abstraction level of interpretation of information, in particular of
actions. It is a form with 25 items of dichotomic response that measures whether people tend to
identify actions at an abstract or concrete level. As part of the induction procedure, we modified
the original instructions and asked participants to imagine themselves doing each action in the
described scenario. To try to keep participants mentally in those scenarios all the time, we removed
some items that are unlikely to occur in the scenarios (e.g., “chopping a tree”). Similarly, we
slightly modified a few others to make them more plausible in the induction contexts (e.g.,
changing “cleaning the house” to “cleaning the place”). As a result, we included 10 items that
refer to actions considered plausible in the four scenarios. Half of them had the concrete inter-
pretation at the top and the abstract interpretation at the bottom, while the other half presented
the alternatives in the opposite order (see the supplementary material for a full list of the included
and excluded items). The order of presentation of the items was randomized. We scored “0” for
the concrete choice and “1” for the abstract choice. The participant’s score was the proportion of
abstract choice. By means of the BIF, we measured the abstraction level regarding neutral
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information, which is the neutral condition of the factor Content Type. See below for a construct
validation of the reduced version of the BIF used in this study.

The Religious Behavioral Identification Form

The Religious Behavioral Identification Form (RBIF; Michaels et al., 2021) is a 15-item questionnaire
similar to the BIF but adapted to religious behaviors. For example, the action “reading a holy book”
can be identified either as “examining specific lines of text” (concrete option) or as “understanding
religious teaching” (abstract option). As with the BIF, we removed actions that we deemed implausible
to occur in the four induced scenarios, which led us to keep eight items (see supplementary material).
The presentation of the items and the coding of responses were done in the same way as for the BIF. By
means of the RBIF, we measured the abstraction level regarding religious information, which is the
religious condition of the factor Content Type. See below for a construct validation of the reduced
version of the RBIF used in this study.

Construct validation of the reduced versions of the BIF and the RBIF

Although both the BIF and the RBIF are validated instruments for measuring abstraction level
(MacGiolla et al., 2025; Michaels et al., 2021; Vallacher & Wegner, 1989), we used reduced versions
of these measures to adapt them to the experimental context in which they were administered.
Therefore, we conducted a construct validity test to examine whether our reduced versions remained
sensitive to differences in construal level.

We relied on the same procedure as MacGiolla et al. (2025), which consists of explicitly asking the
participants to think in abstract (i.e., “focus on the overall purpose and meaning of the actions”) or
concrete (i.e., “focus on the physical performance of the actions”) terms while they complete the
questionnaires. The study was carried out online through Prolific. One hundred native English
speakers took part in the study (age: M =38.38, SD = 11.90; 51 women). Half of them were allocated
to the concrete induction group, whereas the other half were assigned to the abstract induction group.
All the participants completed both the BIF and the RBIF (in a counterbalanced order). If the reduced
measures capture differences in construal level, participants in the abstract condition should choose
more abstract interpretations than those in the concrete condition.

Participants in the concrete group showed a smaller proportion of abstract choices (M = 0.24, SD =
0.42) than participants in the abstract group (M = 0.85, SD = 0.36). An ANOV A showed a strong effect
of Induction Group (F(1,94) = 142.92, p <.0001, 112p: .603). In the same analysis, there was no main
effect of Questionnaire (BIF vs. RBIF; F(1,94) =2.99, p = .09, ’7211 =.031), nor an interaction (F(1,94) =
0.26, p =.6). These results indicate that the reduced versions of the BIF and RBIF are sensitive to
experimentally induced differences in abstraction level. The data and analysis script are available at the
OSF repository.

The Santa Clara Strength of religious Belief Scale

The Santa Clara Strength of Religious Belief Scale (Plante & Boccaccini, 1997) was used to measure
personal religiosity. This measure was also used by Michaels et al. (2021) for measuring religiosity.
This scale measures the general strength of religious faith using 10 items with a Likert-scale response
(1 = strongly disagree, 4 = strongly agree). The variable Personal Religiosity was the average over items
in this questionnaire.

Procedure

The study was carried out online. Each participant first provided some demographic data and then
proceeded to one of the four place size and type inductions (a huge cathedral, a tiny chapel, a huge hall
of a palace, a tiny room of a house). We asked participants to close their eyes for 20 seconds and
imagine themselves in the described scenario. Participants were then asked to write at least 100 words
about their imagined experience in those places through two questions: a general one in which they
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were asked to narrate their general experience (minimum 50 words) and another one in which they
were asked to describe what struck them most about the imagined experience (minimum 50 words;
they were not able to continue with the study until they had answered the minimum number of
words). Then there was an induction quality check, and the induction continued, prompting partici-
pants to imagine themselves responding to the following questions from the imagined place. After that
there was an attention check for participant filtering. They then answered the questionnaire measuring
their abstraction level when considering either neutral (BIF) or religious (RBIF) content, depending on
the group. Mixed with the items, there were two more attention checks and, at the end, there was
another question assessing whether the induction had worked during the response to BIF and RBIF
(second induction check for participant filtering). Then the participants were taken out of the
induction, and answered the Santa Clara Strength of Religious Belief Scale, plus two extra attention
check items. After that, there was an induction reminder, and participants responded to the Small Self-
situational Awe scale (Piff et al., 2015) and three other related measures that will be used for a different
study. Finally, they were debriefed. The detailed procedure and the materials used are shown in the
supplementary material.

Study design

As described in the power simulations, the design included four independent variables: 1) Place Type
(neutral vs. religious); 2) Place Size (huge vs. tiny); 3) Content Type (neutral vs. religious content);
and 4) Personal Religiosity (continuous predictor). The first three factors were manipulated between
groups, for a total of eight groups of participants. The dependent variable was the proportion of
abstract choices in the construal level questionnaires.

Analysis plan criteria for post-data collection exclusion of participants

Participants were excluded in the following cases:

e Participants who spent more than 77 minutes performing the study (the estimated total time was
25 minutes; the maximum time limit is automatically established by Prolific). They were auto-
matically excluded, and Prolific searched for new participants until the sample size was reached.

e Participants who failed more than two (out of 5) attention check questions (see the attention
check items in the supplementary material).

e Participants who obtained an average score lower than 2.5 on their responses to the two
induction checks (they were asked about the degree to which they had imagined themselves in
the scenario both right after the induction - item 1 - and when responding BIF or RBIF - item
2 - on a scale from 1 (“not at all”) to 7 (“completely”; see the supplementary material).

e Participants who did not pass the content filter in their narratives.

Analysis of internal consistency of the scales

The McDonald’s omega (Hayes & Coutts, 2020) was calculated for the Santa Clara Strength of
Religious Belief Scale, and our versions of the BIF and RBIF to estimate their internal consistency.

Main analyses

We implemented the following model for data analysis:
Im(DV ~ PS + PT + CT + Rel + CT:Rel + PS:CT + PS:PT + PS:Rel + PT:CT + PT:Rel

+ PS:CT:Rel + PS:PT:CT + PS:PT:Rel + PT:CT:Rel + PS:PT:CT:Rel)

This is a linear regression model including the four factors of the design and their interactions to
predict the dependent variable: the proportion of abstract choice. The factors are Place Size (“PS”; huge
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or tiny), Place Type (“PT”; secular or religious), Content Type (“CT”; secular or religious), and
Personal Religiosity (“Rel”; a continuous variable representing individual variations in religious
beliefs). All predictors were centered in zero (effect coding).

We tested Hypothesis 1 (H1) using the main effect of Place Size; Hypothesis 2 (H2) by means of the
main effect of Place Type; Hypothesis 3 (H3) by means of the main effect of Personal Religiosity;
Hypothesis 4 (H4) through the Content Type effect; and Hypothesis 5 (H5a-d) using the interactions
among Personal Religiosity, Place Type, and Content Type. As shown in our simulations (Figure S1b),
with 300 participants per group, the design achieved at least 99% power to detect the preregistered
SESOI (d = 0.4), once the corrected beta value (5 = 0.086) was applied.

To ensure the validity of our linear regression, we checked for the fulfillment of standard assump-
tions. Should these assumptions be violated, we planned to apply appropriate transformations
(logarithmic, square root, or Box-Cox) to the dependent variable. If these transformations were
insufficient, the non-parametric Kruskal-Wallis test would be employed as an alternative. In these
cases, the power analysis would be redone.

Results
Manipulation checks and descriptive statistics

A total of 2,519 participants completed the study and were screened following the preregistered quality
criteria. Fifty-three participants (2.1%) were excluded after applying the attention, induction, time, and
narrative filters, resulting in a final valid sample of 2,466 participants. Exclusion rates were minimal
across criteria: six participants failed more than two attention checks, 16 reported low induction scores
(<2.5), five exceeded the 77-minute time limit, and 26 failed the narrative validity filter. After exclusions,
the final sample distribution remained balanced across the eight experimental cells, each meeting or
exceeding the preregistered target of 2300 participants (range = 302-323). Specifically: cathedral -
neutral content (n = 304), cathedral - religious content (305), chapel - neutral (310), chapel - religious
(305), palace - neutral (323), palace - religious (311), room - neutral (302), and room - religious (306).

Manipulation checks confirmed the effectiveness of the scenario induction. Participants reported
high immersion in the imagined settings (M = 6.15, SD = 1.02, on a 1-7 scale), and the means were
nearly identical across scenarios — cathedral (M =6.20), chapel (M =6.17), palace (M =6.13), and
room (M =6.10) - indicating that neither the size nor the religious nature of the place affected the
vividness of imagination, F(1, 2462) = 2.99, p > .05 (see also the examination of the abstraction level of
narratives across scenarios in the Exploratory Analyses section).

Descriptive statistics for the main variables showed that neutral abstraction (BIF) had an overall
mean of 0.55 (SD = 0.25) and religious abstraction (RBIF) an overall mean of 0.59 (SD = 0.25), both
ranging from 0 (fully concrete) to 1 (fully abstract). Personal religiosity, assessed with the Santa Clara
Strength of Religious Faith Scale on its original 1-4 scale, had a mean of 2.06 (SD = 1.01), indicating
moderate religiosity levels in the overall sample. Religiosity correlated positively with abstraction in
religious content (r(1226) =.31, p <.001) and more weakly with abstraction in neutral content (r
(1238) =.10, p <.001), consistent with theoretical expectations and previous findings (Michaels et al.,
2021). Internal consistency was acceptable for the BIF (w =.75) and moderate for the RBIF (w = .66),
whereas the Santa Clara Strength of Religious Belief Scale showed excellent reliability (w =.98).

Table 1 presents the demographic characteristics of the valid 2,466 participants. The sample
included a majority of women (59.6%) and covered a wide age range (18-81 years, M =41.43, SD =
13.78). Most participants identified as White/European and held a medium or high level of education
(college or higher). Nearly half identified as Christian — mainly Catholic or Protestant — while a similar
proportion reported no religious affiliation. The largest groups by country of residence were from the
United Kingdom and the United States, followed by Canada and several European countries.
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Table 1. Demographic characteristics of participants.

Variable Category Value n %
Age M=41.43, SD=13.78, 1,832 —
Range = 18-81
Gender Woman 1,469 59.6%
Man 974 39.5%
Other 23 0.9%
Race White / European 2065 81.6%
Black / African / Afro-descendant 191 7.5%
Asian (East, South, or Southeast Asian) 123 4.9%
Latin American / Hispanic 69 2.7%
Mixed / Multiple ethnic backgrounds 51 2.0%
Indigenous (First Nations, Inuit, etc.) 20 0.8%
Middle Eastern / North African 1 0.4%
Education Less than high school or high school 348 14.1%
Some college / Bachelor's degree 1558 63.1%
Master's degree or Doctorate 560 22.7%
Religion Christian n % 1,194 48.4%
Catholic 485 40.6%
Protestant 532 44.6%
Orthodox 22 1.8%
Other Christian 156 13.1%
Nonbeliever / Atheist / Agnostic 1,243 50.4%
Other 29 1.2%
Country of residence United Kingdom 1,168 47.4%
United States 571 23.2%
Canada 166 6.7%
Portugal 152 6.2%
Italy % 3.9%
Spain 85 3.4%
Germany 48 1.9%
Netherlands 29 1.2%
France 24 1%
Ireland 24 1%

Percentages may not sum to 100 due to rounding. Due to a technical issue with the Age question in LimeSurvey, 25.7% of responses
were missing. The “Other” religious group (1.2%) included respondents who described syncretic or mixed spiritual identities, such
as “Catholic/Native American Spiritualism” or “Spiritual with Christian roots.” Percentages in the country of residence correspond to
the ten most represented countries (>1% of the sample).

Confirmatory analyses

The preregistered factorial model included place size, place type, and content type (each effect-coded
as £0.5), centered religiosity, and all possible interactions. The overall model was significant, F(15,
2450) = 11.97, p < .001, R* = .07, adj. R° = .06, indicating that the predictors jointly explained about 6%
of the variance in abstraction. Table 2 and Figure 1 summarize the confirmatory and exploratory
ANOVA results.

As preregistered, we tested five hypotheses concerning the effects of place size, place type, personal
religiosity, and content type on abstraction. The effect of place size (H1) was not significant, F(1, 2450)
=3.12, p=.08, 11°,=.001. The effect of place type (H2) was significant, with greater abstraction in
religious (cathedral/chapel) than in secular (palace/room) settings, F(1, 2450) = 14.26, p <.001, 112p
=.006. Personal religiosity (H3) also predicted higher abstraction, F(1, 2450) = 103.93, p <.001, 7°,
=.041. Similarly, content type (H4) was significant, with religious content (RBIF) eliciting higher
abstraction than neutral content (BIF), F(1, 2450) = 11.85, p <.001, 1, = .005. Regarding the preregis-
tered interactions (H5a - d), only the interaction between personal religiosity and content type (H5c)
reached significance, F(1, 2450) = 30.57, p <.001, 5°, =.012, indicating that personal religiosity was
more strongly related to abstraction when thinking about religious than neutral content. The other
preregistered interactions — between religiosity and place type (H5a), between place type and content
type (H5b), and their three-way combination (H5d) — were not significant (all p > .18). Overall, these
results provide partial support for preregistered expectations: abstraction increased in religious
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Table 2. Confirmatory and exploratory ANOVA results.

partial
Model term F(1,2450) p n? Hypothesis/status Supported
(Intercept) 13,128.31 <.001 — (baseline) —
Place Size 3.12 .077  0.001 H1 - Main effect of size No
(large > small) (marginal)
Place Type 1426 <001 0.006 H2 - Main effect of place religiosity Yes
(religious > secular)
Religiosity (centered) 103.93 <.001 0.041 H3 - Main effect of personal religiosity Yes
Content Type 11.85 .001  0.005 H4 - Main effect of content (RBIF > BIF) Yes
Place Type x Religiosity 1.78 182 0.001 H5a - Place religiosity x personal No
religiosity
Place Type x Content Type 0.13 716 0.000 H5b - Place religiosity x content type  No
Content Type X Religiosity 30.57 <.001 0.012 H5c - Personal religiosity x content Yes
type
Place Type x Content Type X Religiosity 0.04 .844  0.000 H5d - Three-way among religiosity- No
related variables
Place Size X Religiosity 0.38 536 0.000 Exploratory No
Place Size x PlaceType 240 122 0.001  Exploratory No
Place Size x Content Type 0.38 539 0.000 Exploratory No
Place Size x Place Type X Religiosity 5.59 .018 0.002 Exploratory Yes
Place Size x Content Type X Religiosity 0.56 454 0.000 Exploratory No
Place Size x Place Type x Content Type 0.03 .859  0.000 Exploratory No
Place Size x Place Type x Content Type X 0.88 350 0.000 Exploratory No

Religiosity

The table summarizes preregistered Type |l ANOVA results testing main and interaction effects on abstraction (BIF/RBIF). Effect sizes
are reported as partial n’ (see Figure 2 for effect sizes, expressed as d, and their comparison with the preregistered SESOI).
Confirmatory effects (H1-H5) were evaluated as specified in the Stage 1 preregistration, while higher-order and size-related
interactions were examined exploratorily. All effects had 1 numerator and 2,450 denominator degrees of freedom.

relative to secular contexts (H2), in responses to religious versus neutral content (H4), and with higher
personal religiosity (H3), whereas the hypothesized size effect (H1) and most higher-order interactions
(H5) were not observed.

Two-sided equivalence tests

Following the preregistered analysis plan, two-sided equivalence tests were conducted using a SESOI
of d = 0.40, corresponding to 8 = 0.086 for categorical effects (residual SD = 0.216). See Figure 2 for the
equivalence tests for the preregistered SESOI. The effects of place size (H1; 8= 0.018, 90% CI [0.001,
0.034]; d =0.08), place type (H2; 5 =10.037, CI [0.021, 0.054]; d =0.17), and content type (H4; = 0.034,
CI [0.018, 0.050]; d =0.16) all fell entirely within the equivalence bounds, indicating trivially small
effects within the preregistered region of practical indifference (d < 0.40). For the continuous pre-
dictors of personal religiosity, the SESOI (8 = 0.052) was derived proportionally from the preregistered
medium effect size (d =0.40) using Gelman’s (2008) 2-SD scaling approach, ensuring comparability
between continuous and categorical predictors. For personal religiosity (H3; 5 = 0.050, 90% CI [0.042,
0.058]; d =0.38) and the content type x personal religiosity interaction (H5c; = 0.054, 90% CI [0.038,
0.070]; d =0.40), the 90% confidence intervals crossed the proportional SESOI (f = 0.052), indicating
statistically reliable but practically inconclusive effects. The remaining religiosity-related (and non-
statistically significant) interactions for H5 fell entirely within their SESOI bounds, consistent with
practical equivalence.

Model diagnostics

Model assumptions were examined through the Shapiro-Wilk, Breusch-Pagan, and Durbin-Watson
tests. Minor deviations from normality and homoscedasticity were detected (Shapiro-Wilk p <.001;
Breusch-Pagan p =.02), whereas independence of residuals was satisfactory (Durbin — Watson p
=.90). Visual inspection of the residual Q - Q plot (see Figure S4) confirmed that residuals closely
followed the expected normal distribution, with only slight deviations at the tails. Given the large
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Figure 1. Model estimated effects (EMMs) of the preregistered hypotheses (H1-H5c) on the abstraction level. Panel a shows
estimated marginal means (EMMs) with 95% confidence intervals (Cls) for the main effects of place size (H1), place type (H2), and
content type (H4). Panels b and c display model-predicted effects for personal religiosity (H3) and its interaction with content type
(H5¢). Higher EMMs indicate greater abstraction (proportion of abstract choices). Shaded bands represent 95% Cls around the fitted
regression lines.

sample size (N =2,466) and the robustness of ordinary least squares estimates under mild violations,
the model was re-estimated using robust (HC3) standard errors, which produced identical significance
patterns. The confirmatory results can therefore be considered reliable.

Exploratory analyses

Exploratory analyses of higher-order interactions

In addition to the preregistered effects, we examined the remaining higher-order interactions invol-
ving place size, place type, and religiosity (see Table 2). Among these, only the three-way interaction
between place size, place type, and personal religiosity reached statistical significance. Follow-up
analyses decomposing this effect showed that personal religiosity predicted higher abstraction scores
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Figure 2. Parameter-specific equivalence tests for preregistered SESOI thresholds. Circles show unstandardized regression coeffi-
cients (B) with 90% confidence intervals. Grey circles denote equivalence; white circles indicate inconclusive results. Dotted red and
dash-dotted blue lines mark the preregistered SESOI (d =0.40) adapted for categorical (8=0.086) and continuous (8 =0.052)
predictors, respectively. In an alternative analysis applying the correction only to the main effect of Personal Religiosity (as
preregistered) but not their interactions, the effects Content Type x Personal Religiosity and Place Size x Place Type X Personal
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Figure 3. Interaction of place size, place type, and personal religiosity predicting abstraction. Predicted abstraction scores (BIF/RBIF)
from the factorial model are plotted as a function of participants’ religiosity (x-axis, centered). Solid orange and dashed blue lines
represent fitted regression slopes for religious and secular places, respectively, with shaded bands showing 95% confidence intervals.
Panels display estimates for small (left) and large (right) imagined places.

across all conditions (see Figure 3), with a slightly stronger association in large - religious settings (/3
=.06, 1(2450) = 6.60, p <.001) compared to large - secular (8 =.03, #(2450) = 2.97, p = .003) or small —
religious contexts (8 =.06, #(2450) =5.73, p <.001). Although modest in magnitude, this pattern
suggests that the link between personal religiosity and abstract thinking tends to be amplified in
bigger and religiously salient environments (i.e., cathedrals).

Two-sided equivalence tests for exploratory interactions
In Figure 2, we present parameter-specific equivalence tests for the preregistered SESOI thresholds
across confirmatory and exploratory interactions. Most exploratory higher-order interactions fell
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within the SESOI range, indicating no practical significance, except for two cases: The place size x
place type x religiosity interaction (8 = 0.046, 90% CI [0.014, 0.079]; d =0.36) crossed the proportional
SESOI (£ =0.052), suggesting a small effect near the practical threshold but inconclusive in terms of
equivalence. The four-way interaction (f=0.037, 90% CI [-0.028, 0.101]; d =0.29) had a wide
confidence interval overlapping both sides of the SESOI, yielding inconclusive evidence regarding
its magnitude.

Null model comparison

To complement the preregistered equivalence tests — which established whether effects were smaller
than the preregistered SESOI - we additionally examined whether they were statistically indistinguish-
able from zero. This exploratory analysis was conducted to contextualize the equivalence results
relative to the preregistered null model used for power estimation in Stage 1. Its goal was to visualize
how the observed coefficients relate to the expected distribution under 3 =0, thereby providing
a benchmark for interpreting effects that were statistically reliable but small in magnitude.

Using the Stage 1 null simulation function (=0, 0=0.216; 1,000 replications), we compared the
observed coefficients with the corresponding null distributions. As shown in Figure 4, the confidence
intervals for place type (H2), content type (H4), personal religiosity (H3), and the content type x
religiosity interaction (H5c) were entirely outside the simulated null ranges, indicating effects incom-
patible with zero. In contrast, place size (H1) and the remaining two-way interactions (H5a, H5b,
H5d) overlapped with the null intervals, consistent with negligible or null effects. The exploratory
place size x place type x religiosity interaction showed minimal overlap, suggesting a small but non-
random effect.

Black = observed 90% CI (Stage 2); Blue = 90% CI from Stage 1 null simulations
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CT b ; HE——
Rel —— —_—
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Figure 4. Comparison of observed regression coefficients with Stage 1 null simulations (3 =0, 6 = 0.216). Black points and error bars
represent the observed unstandardized regression coefficients (8) and their 90% confidence intervals from the Stage 2 model (N =
2,466). Blue error bars indicate the 90% confidence intervals of the corresponding null distributions obtained from 1,000 Stage 1
preregistered simulations assuming =0 and residual standard deviation 0 =0.216. Model terms are coded using effect coding
(0.5, +0.5). The dashed horizontal line marks zero. Terms whose observed confidence intervals (black) fall entirely outside the null
intervals (blue) are considered incompatible with a true zero effect. Abbreviations: PS = Place Size, PT = Place Type, CT = Content
Type, and Rel = Personal Religiosity.
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Sensitivity analysis

To evaluate the sensitivity of the design, we computed the minimal detectable effect using the residual
variance and degrees of freedom from the preregistered confirmatory model (v = 2450, a =.05). The
analysis was conducted in R using the “pwr” package (Champely, 2020). The resulting minimal
detectable effect was 1, = 0.004 (approximately d = 0.13), indicating that the design was sensitive
enough to detect effects far smaller than the preregistered smallest effect size of interest (SESOL d =
0.40). This confirms that the study had ample power to identify even small deviations from the null.

Linguistic analyses

Analysis of narrative abstraction level. As an initial linguistic validation of the experimental induc-
tion, we analyzed the level of abstraction in participants’ narratives using a lexical concreteness
approach. Specifically, we used Brysbaert et al.’s (2014) concreteness lexicon, which follows the folk-
concreteness approach employed in recent validation studies of abstraction measures (e.g., MacGiolla
et al.,, 2025). Each narrative was lemmatized and matched word by word to the lexicon to compute the
mean concreteness score per participant. Concreteness scores were then reversed and standardized
(—2z) to represent abstraction, providing an objective linguistic index. A 2 x 2 factorial model with place
size (small vs. large) and place type (secular vs. religious) as predictors revealed a significant main
effect of place type, F(1, 2462) =24.99, p <.001, 3 = .20. Consistent with this effect, narratives describ-
ing religious places (cathedral or chapel) were more abstract (M =0.10, SD =1.02) than those
describing secular places (palace or room; M =-0.10, SD=0.97). The effect of place size was not
significant, F(1, 2462) = 0.48, p = .63, and the place size x place type interaction was also nonsignifi-
cant, F(1, 2462) =2.79, p = .095.

Although based on an independent linguistic index, this pattern conceptually mirrors the preregis-
tered findings from the behavioral measures (BIF and RBIF): abstraction increased for religious (vs.
secular) settings but not for larger (vs. smaller) places, further supporting the predicted link between
religious contexts and abstract thinking, but failing to support any influence of the size of the place. To
further examine convergence with the behavioral indices, linguistic abstraction was correlated with the
BIF and RBIF scores. Small but significant positive correlations emerged in both neutral (BIF; r=.07,
p=.011, 95% CI [.02, .13]) and religious (RBIF; r=.06, p =.031, 95% CI [.01, .12]) conditions, as well
as with personal religiosity (r=.09, p <.001). When controlling for religiosity, these associations
remained significant (BIF: r, =.08, p =.007; RBIF: r, =.07, p =.018), indicating that individuals who
used more abstract language also tended to interpret actions more abstractly, independently of their
own religiosity level.

Control for narrative valence. As an additional robustness check, we examined whether the observed
abstraction differences might reflect evaluative tone rather than construal level per se, as has been
suggested in prior work (see Calderon et al., 2026). Using the NRC sentiment lexicon (Mohammad &
Turney, 2013), we estimated the average sentiment valence of each narrative and included it as
a covariate in the factorial model. Textual valence was positively associated with linguistic abstraction,
B =.23, p<.001. Crucially, when textual valence was included as a covariate, the main effect of place
type remained significant, f=.11, p < .01, indicating that narratives describing religious places were
still more abstract than those describing secular places. These results suggest that the abstraction
differences observed in the narratives are not solely explained by differences in evaluative tone.

Linguistic construal distance (CLT-Based analysis). Finally, we examined linguistic construal dis-
tance in participants’ narratives using the pretrained Construal Level Theory (CLT) language models
developed by Gamoran et al. (2024), which estimate psychological distance using transformer-based
classifiers trained on large text corpora. Narratives were scored using the authors’ official implemen-
tation via a publicly available Google Colab notebook, which applies the pretrained models hosted on
HuggingFace to compute distance scores for each text. Spatial distance scores differed significantly as
a function of place size: narratives describing larger places (cathedrals and palaces) exhibited greater
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spatial linguistic distance than those describing smaller places (chapels and rooms), f=0.054, SE =
0.003, p < .001. Consistent with this pattern, mean spatial distance scores were higher for the cathedral
(M =0.172, SD = 0.063) and palace (M = 0.155, SD = 0.075) scenarios than for the chapel (M =0.116,
SD =0.074) and room (M =0.103, SD = 0.044) scenarios. See Figure S5 for a visualization of spatial
distance across experimental conditions. However, these linguistic distance indicators did not trans-
late into higher levels of behavioral abstraction: spatial distance scores were not associated with the
abstraction index derived from the BIF and RBIF measures (r = -.03, p=.11).

Discussion

The present study examined whether imagining oneself in large, religious spaces — such as cathedrals -
elicits higher levels of abstraction than smaller or secular environments, and did so in a way that
allowed for the examination of the independent and combined effects of place size (large vs. small),
place type (religious vs. secular), the content of one’s thoughts at that moment (religious vs. non-
religious), and personal religiosity. The preregistered analyses provided mixed support for the
hypotheses: the prediction inspired by Construal Level Theory (H1) - that larger places would elicit
higher levels of abstraction — was not supported, whereas place type (H2) and content type (H4)
elicited higher abstraction, and personal religiosity (H3) was positively associated with abstraction.
The religiosity x content interaction (H5c¢) also emerged as significant, while the remaining preregis-
tered interactions (H5a, H5b, and H5d) were not. Equivalence tests using the preregistered SESOI (d =
0.40) revealed that all effects unrelated to personal religiosity were smaller than the smallest effect
considered of practical significance (Brysbaert, 2019). In contrast, the effects of personal religiosity and
its interaction with content type approached the preregistered SESOI, indicating statistically reliable
yet small effects. Taken together, these results suggest that abstraction was more consistently linked to
religion-related variables than to the spatial properties of the imagined setting. This conclusion holds
despite the study’s high sensitivity (>90% power to detect effects as small as d = 0.13).

Place size and abstraction level: insights for construal level theory

Hypothesis 1, predicting that larger places would elicit higher levels of abstraction, was not supported.
This hypothesis was motivated by Meyers-Levy and Zhu’s (2007) seminal study, which showed that
participants in rooms with higher ceilings processed information more abstractly than participants in
rooms with lower ceilings (see also Moore et al., 1979; for related evidence linking vertical distance
cues to higher-level construals, see Nussinson et al. 2021; Slepian et al., 2015; Van Kerckhove et al,,
2014). However, as reported in the Introduction, several of these studies face methodological concerns,
including limited statistical power and lack of preregistration, raising the possibility that some
reported effects may reflect false positives. In the present study, we attempted a more robust
conceptual replication by manipulating the overall size of the imagined environment rather than
ceiling height alone, while also preregistering the study and using a large sample to ensure high
statistical power. Even so, no evidence emerged that larger spaces led participants to construe actions
more abstractly, suggesting that larger (vs. smaller) environments do not reliably influence
abstraction.

What implications do these findings have for Construal Level Theory (CLT), which predicts that
greater psychological distance should lead to higher levels of abstraction? In the present design, place
size was used as a proxy for spatial distance, based on the assumption that larger environments would
elicit a stronger sense of distance due to the greater perceived separation between the observer and
surrounding boundaries (e.g., walls or ceiling). To examine whether this assumption held in our data,
we conducted an exploratory linguistic analysis of participants’ narratives using pretrained CLT-based
language models (Gamoran et al., 2024). Narratives describing larger places showed higher spatial
distance scores, indicating that participants linguistically represented larger environments as more
spatially distant. However, this perceived spatial distance was not associated with higher levels of
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abstraction in participants” behavioral responses, providing no support for the spatial distance pre-
diction of CLT.

These findings contribute to the ongoing debate about the empirical robustness of Construal Level
Theory (Trope & Liberman, 2010). Consistent with our results, the large-scale CLIMR Project
reported an extremely small and non-significant effect of spatial distance on abstraction (d =0.03).
In our highly powered design, the effect of place size on abstraction was similarly negligible (d = 0.08),
and equivalence testing indicated that it was smaller than the preregistered smallest effect size of
interest. At the same time, other studies have linked psychological distance - including the spatial
dimension - to abstraction using linguistic analyses (Gamoran et al., 2024), while research using the
BIF or dynamic variants has found effects for hypothetical (Grinfeld et al., 2024) and temporal
distance (Nguyen et al., 2023; Sanchez et al.,, 2021). Together, these findings suggest that the relation-
ship between psychological distance and abstraction may depend on how these constructs are
operationalized and on the specific type of distance examined, with spatial distance showing less
consistent evidence when abstraction is measured with questionnaires (Calderon et al., 2026). From
the perspective of productive explanation (Van Dongen et al., 2025), which emphasizes the precision
and robustness of theoretical predictions, this pattern suggests that CLT does not currently provide
a particularly strong explanation in this domain, at least in its spatial formulation. However, this does
not necessarily undermine CLT as a broader framework; rather, it suggests that its explanatory value
may be more conditional and domain-specific than often assumed.

Religion and abstraction

Beyond the negligible effect of place size, religion-related variables consistently predicted higher
abstraction levels. Participants imagining religious (vs. secular) places, reporting greater personal
religiosity, or responding to religious (vs. neutral) content tended to select more abstract interpreta-
tions. In addition, the interaction between personal religiosity and content type indicated that the
association between religiosity and abstraction was stronger when participants evaluated religious
content. These findings replicate prior research reporting positive associations between religiosity and
higher-level construals (Michaels et al., 2021, 2022; Newton & McIntosh, 2013). Importantly, religi-
osity entered the design in both manipulated and measured forms. On the one hand, place type and
BIF content were experimentally manipulated, allowing causal inference, yet their significant effects
remained below the smallest effect size of interest (SESOI). On the other hand, participants’ personal
religiosity showed the largest effects, approaching the SESOI, as well as the interaction between
religiosity and content type. However, because personal religiosity was measured, and not formally
manipulated, its association with abstraction remains correlational and should be interpreted cau-
tiously, as it may reflect other individual differences relevant for conceptualization.

An exploratory three-way interaction between place size, place type, and religiosity also emerged.
Specifically, abstraction tended to increase when highly religious participants imagined large religious
spaces. Yet, because this effect was not preregistered, it should be interpreted only as a hypothesis-
generating observation. One possible direction for future research would be to examine whether
spatial magnitude becomes psychologically meaningful when interpreted within religious frame-
works - for instance, whether experiences of vastness in sacred contexts influence how people
construe actions.

Together, such effects could potentially involve mechanisms related to meaning-making or affec-
tive states such as awe. One tentative interpretation is that religiosity may operate at both dispositional
and situational levels. At the dispositional level, personal religiosity has been described as an orienta-
tion toward coherence, causality, and higher meaning (Michaels et al., 2022; Newton & McIntosh,
2013), which may be associated with a tendency toward more global or integrative processing. At the
situational level, religious cues — such as imagining a sacred place or reflecting on religious content —
may momentarily activate similar integrative modes of cognition, potentially through affective
experiences such as awe or reverence (Preston & Shin, 2017). Importantly, exploratory linguistic
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analyses indicated that the effect of place type on abstraction remained significant when controlling for
text valence, suggesting that the pattern cannot be explained solely by more positive emotional tone in
religious narratives in such places. These interpretations remain speculative, however, and future
studies would be needed to directly test the mechanisms underlying the observed associations.

Opverall, the results suggest that abstraction in this paradigm was more consistently associated with
religion-related factors than with the spatial properties of the imagined environment. Future research
will be needed to clarify which psychological mechanisms - such as meaning-related processing or
other individual differences associated with religion — may account for this pattern.

Methodological and Open Science advances

This study introduces methodological advances that strengthen the empirical foundations of con-
strual-level and meaning-based research. Using reduced and validated versions of the Behavioral
Identification Form (BIF; Vallacher & Wegner, 1989) and its religious adaptation (RBIF; Michaels
et al., 2021) together with a lexical abstraction index derived from the folk-concreteness database
(Brysbaert et al., 2014), we combined behavioral and linguistic measures of abstraction. Their observed
cross-method convergence suggests that both instruments capture differences in abstraction level and
is consistent with a recent large-scale materials validation study (MacGiolla et al., 2025), which showed
that, among seven evaluated measures - including the BIF but not the RBIF, which underwent an
initial psychometric validation in its original development study (Michaels et al., 2021) - only the BIF
and this lexical index reliably detect experimental manipulations of abstractness. Finally, although the
induction involved imagined rather than real spaces, participants reported vivid engagement, and
semantic filters and attention checks ensured data integrity and manipulation validity.

Beyond measurement considerations, the study embodies current Open Science standards. Conducted
within the Open Science Religion initiative, it was preregistered and accepted as a Stage 1 Registered
Report before data collection. Confirmatory hypotheses, SESOI thresholds (d = 0.40), and analysis plans
were specified in advance, enabling rigorous evaluation of both significant and null findings. The large,
fully balanced cross-cultural design (N = 2,466) provided over 90% power to detect effects as small as d =
0.13, improving upon previous underpowered CLT studies (e.g., Calderon et al., 2026) and allowing direct
equivalence testing of practically meaningful effects. All materials, data, and analysis scripts — including
experimental sensitivity tests of the reduced BIF and RBIF versions, narrative filters, the codebook, and
power simulations — are openly available on the OSF project website, reinforcing transparency, reprodu-
cibility, and cumulative progress in the fields of the psychology of religion and construal level.

Limitations and future directions

While this registered report provides a rigorous framework for examining how spatial magnitude and
religion-related variables relate to abstract thinking, several limitations should be considered. In the
first place, most manipulated variables produced effects that did not exceed the preregistered smallest
effect size of interest (SESOI). One possibility is that the phenomena under investigation are genuinely
small in magnitude. At the same time, the use of imagined rather than directly experienced settings
may have attenuated the causal effects of the situational manipulations, as mental imagery cannot fully
capture the multisensory and embodied qualities of real or virtual environments (Kako et al., 2023).
Future research may help disentangle these possibilities by testing similar hypotheses in contexts with
greater ecological validity, such as real or naturalistic environments or immersive virtual reality, which
would allow a more direct examination of how bodily movement, spatial perception, and sensorimotor
coupling influence abstraction from a grounded and enactive perspective (Guy et al., 2023).
Furthermore, extending this work to diverse religious traditions and architectural forms (such as
mosques, synagogues, or Buddhist temples) could help clarify whether the observed effects on
abstraction reflect religious contexts in general or are specific to Christian settings. Finally, future
research should examine additional mechanisms that may underlie abstraction in religious - and
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potentially large — environments, for example through self-transcendent emotions, such as awe (Guan
etal., 2019; Preston & Shin, 2017). It would also be valuable to explore how these experiences translate
into downstream outcomes, including emotional and social consequences, such as prosociality (Guan
et al., 2019), forgiveness (Liao et al., 2024), and well-being (Hu, 2025).

Conclusion

The present findings do not support a robust direct effect of place size on abstraction. Participants
imagining larger places did not choose more abstract action interpretations, and equivalence testing
indicated that, if present, the effect would be smaller than the preregistered smallest effect size of interest
(d=0.4). This pattern was also reflected in exploratory linguistic analyses. Exploratory narrative analyses
showed that larger places were indeed represented as more distant, but this perceived distance was not
associated with greater abstraction in behavioral responses. Thus, the findings provide no support for the
Construal Level Theory prediction that greater spatial distance increases construal level, at least when
spatial distance is approximated through imagined place size and abstraction is measured using the action
identification paradigm.

By contrast, abstraction was more consistently associated with religion-related variables. Participants
responded more abstractly in imagined religious (vs. secular) places, when evaluating religious (vs. neutral)
content, and when reporting higher levels of personal religiosity. Notably, personal religiosity and its
interaction with content type approached the preregistered smallest effect size of interest. However, since
personal religiosity was not formally manipulated, it leaves open the possibility that other factors account
for its association with abstraction. One promising avenue for future research arises from the exploratory
three-way interaction between place size, place type, and personal religiosity, which suggests that spatial
magnitude may become cognitively relevant when large environments are also religiously meaningful for
highly religious individuals.

Overall, the present findings suggest that abstract thinking in cathedrals may depend less on spatial
magnitude than on the religious meaning such spaces carry for those who imagine them. Future
research should clarify whether cathedrals promote abstraction not because they are vast in size, but
because they are vast in meaning.
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