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Liberalism and intellect are commonly conceptualized as facets of openness to experience. Previous self-report
evidence suggests that ratings of these facets may not be representable as monotonic indicators of a single latent
dimension. We tested whether analogous nonmonotonicity emerges in personality perception using a vignette-
based state-trace experiment. We experimentally manipulated descriptions of fictitious targets’ self-efficacy
and artistic interest, and participants judged each target’s perceived liberalism and intellect. The relationship
between these judgments was nonmonotonic in both between- and within-subjects analyses, requiring at least
two dimensions to accommodate the observed pattern. These results demonstrate that perceived liberalism
and intellect cannot be explained by a single latent dimension and illustrate how state-trace experiments can
complement correlational approaches to personality perception.

Are liberals, on average, more intellectual than conservatives? This
comparison may itself be too simple. Intellectually oriented conserva-
tives — from traditionalist theologians to conservative philosophers
— make it easy to see why. More generally, groups with more pro-
nounced positions at either end of the ideological spectrum may, on
average, score higher in intellect than moderate groups. This possibility
matters because, in widely used five-factor inventories based on the
influential taxonomy of Costa and McCrae (2008), liberalism (or values)
and intellect (or ideas) are assigned to the same openness domain
and contribute to a single aggregate domain score.! If that score is
interpreted as measuring a single ordered trait, a U-shaped relation
would contradict this unidimensional interpretation: higher liberalism
should, on average, be accompanied by higher — not lower — intellect.

This implication has received relatively little attention in personal-
ity psychology, in part because dominant approaches to dimensionality
— most notably factor analysis based on Pearson correlations — are
not well suited to adjudicating such questions. When a contempo-
rary method of dimensionality analysis, state-trace analysis (Dunn &

Kalish, 2018), is applied, the one-dimensional interpretation of liber-
alism and intellect fails: across part of the conservative range, greater
conservatism is, on average, associated with higher intellect.

Importantly, the present argument differs from traditional correla-
tional critiques of openness. Factor analysis and state-trace analysis
address different questions. Factor analysis examines shared variance
among variables, whereas state-trace analysis tests whether variables
can be represented as monotonic indicators of a single latent dimen-
sion. Accordingly, the present article does not argue that correla-
tional approaches are generally inappropriate, but rather that they
are not designed to adjudicate the stronger criterion of monotonic
unidimensionality.

More broadly, the adoption of modern methods of dimensionality
analysis may provide useful complementary insights into questions
of personality structure, paralleling developments that are currently
transforming dimensional theories in cognitive psychology (e.g. Dunn,
2008; Dunn et al., 2012; Dunn & Rao, 2019; Hayes et al., 2018;
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1 Although the distinction between openness and intellect is commonly acknowledged, the broad construct is still regularly described as “a dimension”, “the
dimension”, or “the openness/intellect dimension” (e.g., Oleynick et al., 2017). More directly, widely used inventories calculate a single openness domain score by
aggregating responses assigned to different facets. Costa and McCrae (1995, p. 26) explicitly report that NEO-PI-R raw domain scores are calculated by summing
the six facet scales. The official IPIP scoring instructions likewise direct users to sum all keyed item values within a scale (International Personality Item Pool,
n.d.). This aggregation may be adopted pragmatically and does not, by itself, assert that the facets are strictly unidimensional or deny facet-specific variance.
Nevertheless, insofar as the resulting domain score is interpreted as locating individuals on a single broad trait, it is relevant to ask whether the aggregated
responses are compatible with a common monotonic ordering.
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Fig. 1. Intellect sum score plotted against liberalism sum score. The source dataset
contained 619,150 participants; after excluding liberalism sum scores of 1 (2
participants) and 2 (31 participants) due to insufficient sample size, the plotted
sample contained 619,117 participants. Although 95% confidence intervals are
shown, they are largely imperceptible (except at liberalism sum scores of 3 and
20) because they are narrower than the plotted data points. The dashed line
represents the best-fitting isotonic model and is included as a visual aid.
Source: Adapted from Titz (2025a, Figure 6).

© 2025 Johannes Titz, CC BY 4.0.

Heathcote et al., 2019; Jang et al., 2019; Liu & Jia, 2022; Robinson
& Irwin, 2019).

Previous work has provided evidence for a multidimensional struc-
ture of openness to experience in self-ratings (Titz, 2025a), drawing
on ideas from state-trace analysis. The present study asks whether
a comparable pattern emerges when observers evaluate experimen-
tally manipulated targets and examines how the information provided
causally shapes their personality judgments.

The experiment thus concerns personality perception rather than
the traits of real individuals. Specifically, observers infer a fictitious
target’s liberalism and intellect from systematically varied descriptions.
Its direct conclusions therefore pertain to the organization of these
judgments; implications for personality structure in real people depend
on convergence with assessments of actual individuals.

In what follows, we first present strong — though non-experimental
— evidence that liberalism and intellect cannot be reduced to a single
underlying dimension, while providing an informal introduction to
state-trace analysis. We then examine whether the same nonmonotonic
pattern appears in experimentally controlled personality perceptions.

1. The problem

Titz (2025a) was among the first to investigate the personality
structure of the five-factor model using ideas from state-trace analysis.
His analyses yielded a consistent general finding: among all Big Five
domains, openness to experience exhibited the greatest number of
item pairs violating unidimensionality in the IPIP-NEO-120 (Johnson,
2014), with the most frequent and pronounced violations occurring
between the facets liberalism and intellect. When plotted against one
another, the relationship between liberalism and intellect was best
characterized as U-shaped (see Fig. 1). On average, individuals with
the lowest intellect scores exhibited liberalism scores slightly above
the scale midpoint. As liberalism deviated from this midpoint in either
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direction, intellect increased, with the increase being more pronounced
on the liberal side. For liberalism scores below 4, intellect appeared
to decline again, although the associated uncertainty was substantially
greater.

The key point is that the two facets exhibit a nonmonotonic rela-
tionship and therefore cannot be meaningfully represented by a single
underlying dimension. Suppose there were a single latent variable,
O (openness), driving variation in both facets. As O increases, one
would expect, on average, both liberalism and intellect to increase
correspondingly. Under this assumption, it should never occur that a
group with higher openness scores is, on average, less liberal or less
intellectual than a group with lower openness scores. This, in turn,
implies a monotonic relationship between the two facets themselves:
greater liberalism should coincide with greater intellect, and vice versa.
Fig. 1, however, directly contradicts this expectation. A strictly one-
dimensional explanation is therefore difficult to reconcile with the
observed pattern.

A more rigorous argument proceeds as follows (for detailed discus-
sion, see Dunn & Kalish, 2018). Consider the variables O, I (liberalism),
and i (intellect), where both / and i depend solely on O: I = f(O) and
i = g(0). Assume further that f and g are strictly monotonically in-
creasing functions, such that higher openness entails higher liberalism
and higher intellect. Under these assumptions, / can be expressed as a
function of i, namely ! = f(g~!(i)). Because the inverse of a strictly
monotonically increasing function is itself monotonically increasing, it
follows that / and i must be monotonically related.

A helpful visualization of the fact that g~! is monotonically in-
creasing is the following: consider any increasing function plotted in a
coordinate system, rotate it by 90° clockwise, and then reflect it across
the horizontal axis. The resulting function remains monotonically in-
creasing. Formally, this property is captured by the derivative of the
inverse function at points where g’(0) > 0:

d 1\ 1 1
aile )= ¢(e0) g0 o

Thus, we conclude that the pattern shown in Fig. 1 would not arise
if liberalism and intellect were truly governed by a single underlying
dimension. This finding is supported by a comparable pattern, again
statistically significant, observed for the analogous facets values and
ideas in a NEO-PI-R (Costa & McCrae, 2008) dataset (Titz, 2025a).>

In discussing his results, Titz (2025a) argued that the observed
violations of monotonicity between liberalism and intellect indicate a
substantive theoretical issue. Given the large number of incompatible
item pairs, this pattern cannot plausibly be explained by a few poorly
functioning items. Rather, the findings suggest that the two facets
reflect conceptually distinct traits that resist reduction to a single la-
tent dimension. Accordingly, within the examined operationalizations,
liberalism and intellect cannot be interpreted as monotonic indicators
of a single openness continuum.

The possibility that openness comprises more than one dimension
is not novel. Indeed, evidence for a division of openness into two
dimensions exists that does not rely on state-trace analysis, and the
debate itself is long-standing (e.g., Johnson, 1994; Saucier, 1992). For
example, DeYoung et al. (2007) identified two aspects of openness —
openness and intellect — that differ in their emphasis on engagement
with perceptual or sensory information versus abstract information,
respectively (DeYoung et al., 2014). Although these aspects were sub-
stantially correlated (» = .51; DeYoung et al., 2007), the authors
argued that they reflect distinct traits on the basis of discriminant va-
lidity: openness and intellect exhibited different patterns of association
with the remaining Big Five dimensions (for additional evidence of

2 In another NEO-PI-R sample, the effect was not statistically significant,
arguably due to the student sample, which naturally included few conservative
respondents.
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divergence in other areas see, for instance, Kaufman et al., 2016; Varta-
nian et al., 2018; Willoughby et al., 2023). Such discriminant-validity
evidence is informative about differential associations, but it does
not by itself determine dimensionality: under monotonic measurement
models, functional dissociations and interaction patterns are neither
necessary nor sufficient for inferring more than one latent variable
(Dunn & Kalish, 2018; Dunn & Kirsner, 1988). What is novel, therefore,
is not the proposed distinction between openness and intellect, but its
evaluation using a formal test of monotonic unidimensionality.

Regardless of whether one relies on correlational patterns or the
stronger argument based on monotonicity, the existing evidence re-
mains non-experimental. Although this does not undermine the dimen-
sionality argument itself, it leaves open whether controlled changes
in target information causally produce the same nonmonotonic pat-
tern in observers’ judgments. A vignette experiment addresses this
complementary question by varying the available target information
under controlled conditions and examining the resulting personality
impressions. It thereby permits causal conclusions about the effects of
the supplied cues on personality judgments.

This gain in experimental control comes at a cost in external va-
lidity. We address this trade-off explicitly in the Discussion, but three
qualifications concerning the scope of our conclusions should be noted
at the outset. First, the dependent variables are observers’ personality
perceptions elicited by descriptions of fictitious targets, not measure-
ments of actual traits in real individuals. Any implication for actual
personality therefore rests on convergence with separate self-rating
evidence rather than direct generalization (Titz, 2025a).

Second, because the vignettes provide only limited information
about those targets, participants are likely to supplement the sup-
plied cues with implicit personality theories when judging liberalism
and intellect (Hakel, 1969; Mirels, 1976). The resulting pattern may
therefore partly reflect culturally shared beliefs or stereotypes about
liberals and conservatives. Because the political meaning of liberalism
and conservatism varies across societies, the German context may limit
generalization to other cultural settings.

Third, the vignette descriptions and target judgments are grounded
in the IPIP-NEO-120 and therefore reflect its conceptualization of open-
ness to experience and liberalism. The IPIP-NEO-120 is a public-domain
representation of the NEO-PI-R, and its scales converge substantially
with their NEO-PI-R counterparts (Johnson, 2014; Maples et al., 2014).
This convergence supports broader relevance to the five-factor model
but does not imply identical results for every inventory designed to
assess it.

With these scope conditions in place, we next clarify how hierarchi-
cal personality models relate to the specific criterion of dimensionality
tested by state-trace analysis.

2. Hierarchy and dimensionality

Mainstream personality models commonly represent personality hi-
erarchically, with broad domains and narrower facets, sometimes con-
nected by intermediate aspects (DeYoung et al., 2007; Soto & John,
2017). Lower-order traits within a domain share variance attributable
to the broader domain while also retaining trait-specific variance.
Thus, the existence of five broad domains does not preclude mean-
ingful differentiation at lower levels of the hierarchy. Indeed, facets
are intended to capture precisely this differentiation, which may be
characterized in factor-analytic terms as multidimensionality within
a domain. When facets are represented as distinct lower-order latent
variables, the resulting factor-analytic model contains at least as many
lower-order dimensions as facets.

Within this framework, unidimensionality is evaluated through the
covariance structure: a set of indicators is treated as unidimensional
when their covariation is adequately represented by a single common
factor, without substantively important residual associations after that
factor has been taken into account. The absence of such residual
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associations is closely related to the requirement of local independence
in item response theory and its residual-dependence diagnostics (e.g.,
Chen & Thissen, 1997; Edwards et al., 2018; Yen, 1984). These diag-
nostics are conditional on the specified factor or item-response model
and its functional-form assumptions.

The present state-trace argument adopts a different perspective,
asking how many latent dimensions are minimally required to account
for the observed responses. Here, unidimensionality means that the
relevant observed variables can be represented as monotonic functions
of a single latent variable—the most basic formal requirement for mea-
surement on a single ordered psychological dimension (Dunn & Kalish,
2018). We occasionally use the more explicit term monotonic unidimen-
sionality to distinguish this definition from covariance-based uses of
unidimensionality. If an indicator first increased and then decreased
as the latent trait increased, it could not consistently locate persons or
experimental states along the same latent continuum. Throughout this
article, we therefore operationalize unidimensionality as compatibility
with such a one-dimensional monotonic representation.

Correlations and factor loadings cannot directly establish a common
monotonic ordering. A low or moderate correlation can occur between
variables that are perfectly ordered along one dimension, whereas a
substantial correlation or factor loading can conceal a nonmonotonic
relation. Standard factor analysis based on Pearson correlations addi-
tionally assumes linear relationships. Such linearity is neither evident in
empirical patterns nor required for unidimensionality. This distinction
has been demonstrated formally and empirically for Pearson correla-
tions and the unidimensionality index H (Titz, 2025b). Factor analysis
and discriminant validity remain useful for describing shared variance,
prediction, and differential associations, but they do not test the mono-
tonic ordering that is necessary for unidimensional measurement (Dunn
& Kalish, 2018).

Accordingly, evidence for a hierarchical covariance structure does
not, by itself, determine the minimum number of latent dimensions
required to account for the observed responses. If a single mono-
tonic dimension accommodates the pattern across the relevant items,
facets, or aspects, no additional dimension is required to explain the
observed responses, regardless of how many such lower-order compo-
nents are distinguished in the hierarchical model. The parsimonious
one-dimensional account can therefore be retained unless evidence
requiring an additional dimension emerges. This does not prove that
no additional latent sources could exist: multiple sources may remain
empirically indistinguishable if they do not vary independently in the
observed data. The inference in the opposite direction is stronger. If
the state-trace is nonmonotonic, a single latent dimension is insufficient
(Dunn & Kalish, 2018). Whether an additional dimension is required is
therefore a question about monotonicity, not a direct consequence of
specifying facet-level structure in a hierarchical covariance model.

This point is illustrated by previous state-trace-inspired analyses
of personality ratings. In IPIP-NEO-120 responses from approximately
619,000 participants, the violations of monotonicity for neuroticism
and conscientiousness were each attributable to only one item in the
corresponding domain (Titz, 2025a). Thus, apart from one localized
exception in each domain, the responses were essentially unidimen-
sional across items from all six facets. This is a positive result: it
provides a more parsimonious representation and supports interpreting
an aggregate domain score as essentially a single ordered scale.

Departures in most other Big Five domains were likewise concen-
trated in a small number of items or facet relations. Taken together,
these findings demonstrate that the mere presence of facets in a hi-
erarchy does not, by itself, imply that multiple latent dimensions are
required to account for the observed responses. Openness differed
from this general pattern: its violations were distributed broadly across
facets, suggesting that even a two-dimensional division may be insuf-
ficient and that, within this operationalization, as many dimensions as
facets may be required (Titz, 2025a).
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The relation between hierarchy and dimensionality has direct con-
sequences for interpreting a domain score: it can be treated either as a
pragmatic composite or as a measure of a single latent continuum. As a
composite, it may be useful for prediction even when its items or facets
are not compatible with a single dimension. Interpreting it as a single
trait score, however, requires the contributing responses to be commen-
surable within one monotonic ordering. State-trace analysis evaluates
this stronger interpretation. A violation does not eliminate every pos-
sible use of the composite, but it shows that the composite cannot
be interpreted as measurement of a single latent continuum without
qualification. Having clarified how hierarchical structure relates to
unidimensionality, we now turn to the design of the experiment.

3. Methods

Experimental investigations of personality perception are often con-
ducted using vignette-based designs (e.g., Atzmiiller & Steiner, 2010;
Baguley et al., 2022). For instance, researchers may manipulate specific
features of a vignette to make a fictitious target appear more or less
open to experience, and then assess participants’ perceptions of the
target’s associated traits (e.g., liberalism and intellect). The present
experiment uses controlled vignette manipulations to test whether
observers’ judgments of liberalism and intellect are consistent with a
single latent dimension.

3.1. Design

In the design of a state-trace experiment, three sets of variables
are central (Dunn & Kalish, 2018; Prince et al., 2012): independent
variables (IVs), latent variables (LVs), and dependent variables (DVs).
The IVs are assumed to influence the DVs via their effects on one or
more latent variables. The typical objective is to determine whether a
single latent variable is sufficient — or insufficient — to account for
the observed empirical patterns. Applied to this study, the question
is whether perceived openness, understood as a latent dimension, can
adequately account for participants’ judgments of the targets’ intellect
and liberalism (DVs).

Specifically, the independent variables are properties of the vignette
descriptions, and the dependent variables are participants’ judgments.
The manipulation therefore permits causal inference about the effect of
the supplied information on those judgments.

A well-designed state-trace experiment requires careful selection
and manipulation of the independent variables. Inadequate planning
risks producing a non-diagnostic state-trace (Prince et al., 2012),
thereby rendering the experiment uninformative. Central to this design
is the inclusion of a dimension factor—a variable intended to challenge
unidimensionality and typically motivated by theoretical considera-
tions. In the present case, identifying such a factor is comparatively
straightforward, as variables exist that positively affect judgments
of intellect while negatively affecting judgments of liberalism. No-
tably, facet C1 (self-efficacy) satisfies this criterion, exhibiting a strong
positive correlation (.41) with O5 (intellect) and a slightly negative
correlation (-.11) with 06 (liberalism) in the IPIP-NEO-120 (Kajonius
& Johnson, 2019). Accordingly, two levels of this factor (low vs.
high self-efficacy) were selected. Importantly, self-efficacy is a facet
of conscientiousness, not of openness to experience, thereby reduc-
ing direct semantic overlap between the manipulated and evaluated
openness-related content.

To improve the mapping of the state-trace, it is customary to intro-
duce a trace factor—a variable that shifts the level of the hypothesized
single underlying dimension. Doing so helps to mitigate problems of
non-diagnosticity (Prince et al., 2012). In the present study, the trace
factor was designed to modulate perceived openness in observers’
judgments. In principle, any facet of openness other than intellect
or liberalism could serve this function. We selected the facet artistic
interest, which correlates r = .41 with intellect and r = .23 with
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liberalism in the IPIP-NEO-120 (Kajonius & Johnson, 2019). Three
levels of this factor (low, medium, high) were implemented, yielding
six experimental conditions in a 2 x 3 design. The dependent variables
were judgments of liberalism and intellect.

In choosing between a between-subjects and a within-subjects de-
sign, there are principled arguments in favor of both approaches.
Between-subjects vignette designs risk confounding experimental con-
ditions with idiosyncratic contextual or framing effects (e.g., Birnbaum,
1999). Conversely, within-subjects designs may be affected by carry-
over or contrast effects, insofar as participants’ ratings of a given
vignette can be influenced by preceding ones. We adopted a fully
within-subjects design while using the randomized first condition as
an additional between-subjects comparison. The two analyses provide
complementary evidence: the complete data offer greater sensitivity for
mapping the state-trace, whereas the first-condition data are unaffected
by carry-over from preceding vignettes. The order of conditions was
randomized separately for each participant.

3.2. Vignettes

A simple vignette was constructed in which the bolded terms “inac-
curate” and “accurate” were experimentally manipulated. The English
version (the study was conducted in Germany in German, see Appendix
for item translations) reads as follows:

Ms. N. completes a questionnaire designed to assess her personality. She
indicates the extent to which various statements apply to her, using a
scale ranging from one to five (see illustration).

1 2 3 4 5
inaccurate moderately  neither moderately  accurate
inaccurate  inaccurate nor  accurate
accurate

You will now see a selection of statements from the questionnaire.
Assume that Ms. N. is entirely “correct” in her self-assessments: that
is, the statements apply to her exactly to the extent indicated by her
ratings.

Ms. N. rates each of the following three statements as inaccurate:

* I excel in what I do.
+ I handle tasks smoothly.
» I know how to get things done.

Ms. N. rates each of the following three statements as accurate:

+ I believe in the importance of art.
» I see beauty in things that others might not notice.
« I like poetry.

The items for the vignettes were taken from the self-efficacy (C1,
Items 35, 65, 95) and artistic interest facets (02, Items 8, 38, 68) of
the IPIP-NEO-120.

To clarify the context of the fictitious person’s self-assessment, the
word “Ich” (“I”) was added at the beginning of every item.

Note that Item O68 was reversed into “like poetry” to make the
group of items uniformly positively keyed and avoid confusion due to
negative wording (the original is: “do not like poetry”).

3.3. Independent variables

For self-efficacy, the fictitious vignette respondent endorsed each
item as either inaccurate (scale point 1) or accurate (scale point 5).
For artistic interest, each item was endorsed as inaccurate (1), neither
inaccurate nor accurate (3), or accurate (5). This manipulation yielded
six within-subjects conditions.
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3.4. Dependent variables

After reading the vignettes, participants had to rate the described
person on the liberalism and intellect scales of the IPIP-NEO-120 (John-
son, 2014).> The following are the English-language IPIP-NEO-120
items for the liberalism and intellect scales, respectively (see Appendix
for the German translations):

Item O28: Tend to vote for liberal political candidates

Item O58: Believe that there is no absolute right or wrong

Item O88: Tend to vote for conservative political candidates

Item O118: Believe that we should be tough on crime

Item 023: Love to read challenging material

Item O53: Avoid philosophical discussions

Item O83: Have difficulty understanding abstract ideas

Item O113: Am not interested in theoretical discussions

The sum of all items constituting the facet scale was calculated
to determine the facet scores. The same five-point Likert scale as the
one illustrated in the vignette was used for participants’ responses.
Consequently, the DV values had a possible range from 4 to 20.

3.5. Manipulation and attention checks

In addition to the dependent measures, participants rated the fic-
titious target on Item CO5 (“Completes tasks successfully”) and a
positively keyed version of Item 098 (“Enjoys going to art muse-
ums”) from the IPIP-NEO-120 (Johnson, 2014). These items assess
self-efficacy and artistic interest, respectively, and served as manipu-
lation checks; neither appeared in the vignettes. If the manipulations
worked as intended, the manipulated level of self-efficacy should be
strongly associated with ratings on Item CO5, and the manipulated level
of artistic interest with ratings on Item 098. Successful checks would
indicate that participants interpreted the vignette descriptions consis-
tently with the intended IPIP-NEO facets, thereby strengthening the
conceptual link between the elicited perceptions and the corresponding
constructs assessed in real individuals.

In addition, attention checks were implemented to maintain par-
ticipants’ engagement with the survey and to identify inattentive re-
spondents for exclusion from the analyses. The first attention check
was administered immediately after the first vignette and required
participants to reproduce the fictitious person’s self-rating on item C35
(“I excel in what I do”) from the vignette they had just read. The
remaining attention checks were embedded within the items assessing
the vignette person’s intellect and liberalism. These checks required
participants to select a specific response option (e.g., “This question
checks your attention. Please select 5 = accurate.”).

For the dependent variables and manipulation checks, items were
rephrased in third person to ensure grammatical correctness and clar-
ify the context of participants’ assessments of the fictitious person
(e.g., “Ms. N. loves to read challenging materials” instead of “I love
to read challenging materials”).

3.6. Translations

Since the study was conducted in German, we used German trans-
lations of the IPIP-NEO-120 items. We prioritized the translations by
Dege (2018), as they provide the most comprehensive validation evi-
dence. For Item C35, however, we adopted the translation by Treiber
(2013), because Dege reported a low item-scale correlation (r = .21).

3 Note that these scales are called openness to values (short: values) and
openness to ideas (short: ideas) in the NEO-PI-R (Costa & McCrae, 2008).
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For Item 088, we also used Treiber’s translation, as it is less ambigu-
ous.”

Item 028 was modified to remove explicit references to the German
“Sozialdemokratische Partei Deutschlands” (SPD).°

All translations of the IPIP-NEO-120 items used in the main study
are provided in Appendix.

3.7. Software and statistics

For state-trace analysis, the STACMR-R package (Dunn & Kalish,
2020) was used, which implements the coupled monotonic regres-
sion (CMR) algorithm (Kalish et al., 2016). The significance level «
is conventionally set to .05; however, because two statistical tests
were conducted, it was adjusted to .025. A total of 100,000 bootstrap
samples were drawn, yielding resolution for p-values down to 0.00001.

The null hypothesis states that the relationship between liberalism
and intellect is monotonic in the population, which is equivalent to the
unidimensional hypothesis. The alternative hypothesis posits that the
relationship is nonmonotonic, implying that at least two dimensions
are required.

The state-trace was plotted using the package ggplot2 (Wickham,
2016).

Data, analysis code, and materials availability are reported in the
Transparency subsection and the Open Practices section.

For the manipulation check, Items C05 and O98 were each corre-
lated with the independent variables. Item CO5 was correlated with a
dummy variable representing the level of self-efficacy, and Item 098
was correlated with an ordinal variable representing the level of artistic
interest.

3.8. Power based on pilot study

Currently, no closed-form power analysis is available for state-trace
analysis. To inform sample size determination, we conducted a pilot
study with 42 participants, in which both facets were manipulated at
two levels (high/low self-efficacy and high/low artistic interest) in a
2 x 2 between-subjects design.

The goodness-of-fit (or, more precisely, badness-of-fit) statistic for
the CMR model was 2.94, with p = .081, and therefore did not reach
significance at @ = .05. Bootstrap power-analysis simulations based
on the pilot data indicated that the original sample size would need
to be increased by a factor of approximately 2.5 (to N = 105) to
achieve at least 80% power to reject a one-dimensional account of the
elicited judgments, assuming that the effect estimated from the pilot
data reflected the population effect.

After the pilot study, we also decided to add an additional level of
artistic interest based on inspection of the state-trace plot. A smaller
number of experimental conditions makes it easier to account for the
state-trace with a monotonic model (Prince et al., 2012). By increasing
the number of conditions, a larger portion of the state-trace space
is mapped. Moreover, if two dimensions underlie the judgments, the
inclusion of this additional level is expected to increase statistical
power.

4 Treiber: “Ich tendiere dazu, konservative Politiker zu wihlen”, compared
with Dege’s “Ich neige dazu, konservative bzw. rechtsliberale Politiker zu
wiahlen.” Rechtsliberal is an uncommon German political term denoting a
combination of right-oriented and liberal positions (Dudenredaktion, n.d.); it
is not synonymous with konservativ. Treiber’s wording therefore corresponds
more directly to the original item.

5 Specifically, “Neigt dazu, sozialdemokratische bzw. links-liberale Politiker
zu wahlen” was changed to “Neigt dazu, links-liberale Politiker zu wéhlen”.
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3.9. Sample

A total of 116 participants took part in the state-trace experiment.
Three participants were excluded from all analyses because they failed
to correctly answer two or more attention-check questions, resulting in
a final sample size of N = 113. One additional participant was excluded
from the within-subjects analyses, but retained in the between-subjects
analyses. This participant reported having interpreted several vignettes
as describing the same fictitious person. While this is unproblematic for
the first vignette, it compromises the interpretation of the subsequent
ones.

Because the order of vignettes was automatically randomized for
each participant, the first vignette was not evenly distributed across
conditions, resulting in an unbalanced design for the between-subjects
analysis (n; = 14,n, = 15,n3 = 23,n4 = 19,n5 = 17, n4 = 25). Note that a
balanced design is not a requirement for state-trace analysis.

Participants had a mean age of 28.47 years (SD = 13.06). Regarding
biological sex, 69 participants (61.06%) identified as female and 41
(36.28%) as male; two participants identified as diverse, and one did
not select any of the provided categories.

The majority of participants (79; 69.91%) were students. Among
these, most were studying psychology (56 students; 70.89%).

Regarding highest educational attainment, most participants re-
ported either a German high school diploma (67; 59.29%) or a uni-
versity degree (41; 36.28%).

3.10. Recruitment and incentive

Participants were eligible to participate if they were at least 18
years old, possessed native-level proficiency in German, and had access
to a quiet, undisturbed location with a stable internet connection for
the estimated duration of the experiment (30 min). Participants were
recruited via the study participation mailing list of Chemnitz University
of Technology and through social media posts (Instagram, Facebook)
published on the second author’s private account. Informed consent
was obtained electronically prior to participation. Upon completing
the online survey, participants could choose between receiving credit
for 0.5 h of research participation toward a curricular requirement or
entering a draw for one of five cash prizes (€10 each).

3.11. Ethics

The experiment received approval from the Chemnitz University of
Technology ethics committee under number #101651960.

3.12. Transparency

We report how we determined our sample size, all data exclusions,
all manipulations, and all measures in the study, and we follow JARS
reporting standards. Analyses were conducted in R using the packages
STACMR-R (Dunn & Kalish, 2020) and ggplot2 (Wickham, 2016). The
data needed to reproduce all reported results, the analysis code, study
materials, and supplementary materials are available in the Zenodo
repository: https://doi.org/10.5281/zenodo0.23083760. The study was
not preregistered. Additional repository details are provided in the
Open Practices section.

4. Results
4.1. Manipulation check

The Pearson correlation between the self-efficacy manipulation and
Item CO5 was r =.79, p < 2.2 x 10716,

The Spearman correlation between the artistic-interest manipula-
tion and Item 098 was p =.72, p < 2.2x 10716,
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4.2. Between-subjects state-trace analysis

The empirical mean values underlying the state-trace analysis, to-
gether with the best-fitting CMR model, are depicted in the state-trace
plot (Fig. 2). The CMR model yielded a Sum of Squares Error of 11.30,
corresponding to p ~ .0143.

4.3. Within-subjects state-trace analysis

The empirical mean values of the state-trace as well as the best-
fitting CMR model are illustrated in a state-trace plot (Fig. 3). The Sum
of Squares Error for the best-fitting CMR model was 85.32,p < .00001
(not a single bootstrap sample was as extreme as the empirical data).

5. Discussion

The aim of this experiment was to examine whether participants’
perceptions of targets’ intellect and liberalism could be represented by
a single latent dimension. This question relates to the long-standing
debate concerning the multidimensionality of openness to experience
(e.g. DeYoung et al., 2007; Johnson, 1994; Saucier, 1992). Although
strong evidence for a violation of unidimensionality based on self-
report data has already been reported (Titz, 2025a), the present study
provides a confirmatory experimental test of whether manipulated
target information produces an analogous pattern in personality judg-
ments.

Participants rated fictitious targets on liberalism and intellect after
reading short vignettes about them. The vignettes described the tar-
gets as having different levels of self-efficacy and artistic interest. We
used state-trace analysis to examine the relation between the resulting
liberalism and intellect judgments across experimental conditions. A
monotonic relation — whereby higher liberalism judgments would
always be accompanied by equal or higher intellect judgments —
provided a poor fit to the data.

At each level of artistic interest, participants judged targets de-
scribed as having low rather than high self-efficacy as more liberal but
less intellectual. This opposing pattern appeared in both the between-
and within-subjects analyses. The resulting nonmonotonic state-traces
are incompatible with a one-dimensional account of participants’ lib-
eralism and intellect judgments under the present experimental condi-
tions.

5.1. Between- versus within-subjects analyses

Both the between- and within-subjects analyses rejected the mono-
tonic model, although the statistical evidence was stronger in the
within-subjects analysis. The within-subjects analysis was expected
to provide greater statistical power because it used all six vignette
conditions rated by each participant, whereas the between-subjects
analysis used only the randomized first vignette. The condition means
also showed greater differentiation of intellect judgments in the within-
subjects data. Compared with the corresponding between-subjects
means, targets described as low in both self-efficacy and artistic interest
were judged less intellectual in the within-subjects analysis (7.62 vs.
9.84), whereas targets described as high in both characteristics were
judged more intellectual (16.79 vs. 15.06).

A possible explanation for this pattern is the presence of contrast
effects. For example, when a vignette describing a person with low
artistic interest and low self-efficacy is followed by one describing a
person with high artistic interest and high self-efficacy, the latter may
receive a particularly extreme rating.

Another possible explanation is that vignettes in between-subjects
designs may be evaluated differently because they evoke different
frames of reference (Birnbaum, 1999). For example, vignette conditions
describing a moderate level of artistic interest may evoke the frame
of reference of an average “everyday-life” person, against which the
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Fig. 2. Results of between-subjects analysis.

Circles, triangles, and squares with horizontal and vertical error bars represent
condition means and standard errors for low, medium, and high artistic inter-
est, respectively. Among these condition markers, open symbols denote low
self-efficacy and filled symbols high self-efficacy. Gray diamonds connected
by the dashed line denote the best-fitting isotonic model.
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Fig. 3. Results of within-subjects analysis.

Circles, triangles, and squares with error bars represent condition means
and standard errors for low, medium, and high artistic interest, respectively.
Among these condition markers, open symbols denote low self-efficacy and
filled symbols high self-efficacy. Gray diamonds connected by the dashed line
denote the best-fitting isotonic model.
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vignette is then judged. In contrast, a vignette describing high self-
efficacy and strong artistic interest may evoke a frame of reference
involving high achievers or exceptionally talented individuals, to which
the vignette is then compared. In other words, between-subjects designs
may lead participants to compare each vignette with its own baseline
within a given condition. Because previously rated vignettes provide
a shared frame of reference, this problem is less likely to arise in
within-subjects designs.

Note that the converging evidence for a nonmonotonic state-trace
from both between-subjects and within-subjects data makes it difficult
to attribute the results to a pure artifact of either design strategy.

5.2. Dimensionality of personality perceptions

The present results indicate that at least two dimensions are re-
quired to account for participants’ liberalism and intellect judgments
under these experimental conditions. At first glance, this finding might
be interpreted as further support for hierarchical accounts that posit
multiple lower-order dimensions within each Big Five domain (e.g.,
DeYoung et al.,, 2007; Soto & John, 2017). However, the present
account differs from these proposals in important ways. Whereas DeY-
oung et al. (2007) and Soto and John (2017) rely primarily on correla-
tional evidence, the present experiment provides two complementary
forms of evidence. The manipulation permits causal inference about
how the supplied information shaped participants’ judgments, and
state-trace analysis provides a formal test of whether those judgments
can be represented by a single latent dimension.

As discussed in the Introduction, Titz (2025a) reported evidence
that directly challenges the general expectation of multiple lower-order
dimensions in every domain. In approximately 619,000 IPIP-NEO-
120 respondents, neuroticism and conscientiousness were nearly uni-
dimensional across all six facets, providing little support for additional
dimensions in these domains. The clear exception was openness: within
this operationalization, its widely distributed violations suggested that
accounting for the observed response pattern may require as many
dimensions as facets.

Nevertheless, regarding multidimensionality more broadly, the
present results are consistent with the arguments advanced by DeYoung
et al. (2007) and Soto and John (2017). In particular, as they note,
correlations among facets do not constitute sufficient evidence for
unidimensionality (DeYoung et al., 2007), and no facet of openness can
be considered factor-pure (Soto & John, 2017).

Importantly, violations of monotonicity do not imply that broad
openness scores lack predictive or practical utility. They do, how-
ever, pose a substantive measurement problem for interpreting domain
scores formed by summing across such facets. These scores may remain
useful as pragmatic composites, but when the contributing facet scores
are incompatible with a common monotonic ordering, the resulting
sum cannot be interpreted straightforwardly as locating respondents
on a single latent continuum. Predictive usefulness therefore does not
resolve the theoretical question of unidimensionality.

5.3. Relation to actual personality

The present experiment assessed how participants mapped experi-
mentally manipulated personality descriptions onto judgments of lib-
eralism and intellect within an IPIP-based semantic framework. The
resulting state-trace therefore provides evidence of a nonmonotonic
pattern in participants’ implicit personality theories rather than ev-
idence about the trait structure of real individuals. The experiment
alone cannot establish generalization to actual personality and should
instead be interpreted as complementary to evidence from assessments
of real people. Research on implicit personality theory suggests that
correspondence between perceived and actual personality structures
can vary with the method used to elicit judgments (for a summary, see
Borkenau, 1992).
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One potential methodological concern is semantic similarity. If
items used as independent and dependent variables are highly similar,
participants may respond by recalling their previous ratings from short-
term memory rather than by making independent judgments. Semin
and Greenslade (1985) and Semin and Fiedler (1988) argued that
distortions due to semantic similarity are particularly pronounced when
trait terms are operationalized using adjectives rather than verbs or
behavioral descriptions. In the present experiment, items from the
IPIP-NEO-120 were employed, which rely on verbal and/or behavioral
descriptions, thereby reducing this risk. Furthermore, self-efficacy was
selected as the dimensional factor because its superordinate trait is
conscientiousness and should therefore be semantically distant from
openness to experience.

In ordinary social perception, observers draw on multiple cues,
including age, gender, and outward appearance (Albright et al., 1988).
In the present experiment, the nonmanipulated background informa-
tion was deliberately sparse and held constant across vignettes. This
strengthened experimental control by preventing uncontrolled target
differences, but it also left participants with relatively little information
on which to base their judgments. Participants may therefore have
relied more heavily on prior beliefs about relations among personality
traits.

Simply adding demographic or appearance cues would not necessar-
ily reduce this reliance. Such cues can themselves activate stereotypes.
A stronger test would provide richer information about the individual
target without merely restating the manipulated IPIP items. This might
include concrete behavior across several situations, a sample of the tar-
get’s reasoning, or responses to value-relevant scenarios. Such evidence
could constrain trait inferences and show whether the nonmonotonic
pattern persists when judgments are based on a broader behavioral
profile. Indeed, previous research suggests that diagnostic individuating
information tends to reduce stereotype bias (Rubinstein et al., 2018).

Reliance on shared beliefs, however, would not necessarily make the
resulting judgments wholly inaccurate. Research on moral stereotypes
of liberals and conservatives shows that such stereotypes can repro-
duce the direction of observed group differences while exaggerating
their magnitude (Graham et al., 2012). The observed pattern could
therefore reflect a mixture of genuine covariation and stereotype-based
amplification rather than an arbitrary misconception. At the same time,
the content and strength of political stereotypes depend on cultural
context. Because the present participants were German, it remains
unclear whether observers in other societies would make the same
inferences.

For the present findings, the most relevant candidate belief is not
that liberals are more intellectual. That belief would, if anything, make
the observed pattern more difficult to obtain. A more relevant belief is
that higher self-efficacy implies greater intellect but lower liberalism.
This belief is not ad hoc; it is consistent with associations observed
in self-ratings (Kajonius & Johnson, 2019), in which self-efficacy cor-
relates positively with intellect (» = .41) and slightly negatively with
liberalism (r = —.11).

Evidence that political conservatism is positively associated with
conscientiousness (e.g., Hirsh et al., 2010; Xu et al., 2021), together
with the positive association between conscientiousness and intellect
(DeYoung et al., 2007), suggests a possible indirect pathway linking
conservative orientation to higher intellect through conscientiousness.
At the same time, higher intellect is generally associated with greater
liberalism (Xu et al., 2021).° Thus, intellect may be positively associ-
ated with both conservative and liberal orientation through different
pathways. The self-efficacy manipulation was designed to test this
possibility under controlled conditions and produced the expected op-
posing shifts in intellect and liberalism judgments. The experimental
judgments may therefore reflect a tension that is also observed in real-
person correlational data, although the present design cannot establish
that both settings have the same underlying structure.

6 Jost et al. (2003) reported a meta-analytic association of approximately
r = —.32 between political conservatism and openness to experience.
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5.4. Homogeneous sample

The sample was predominantly female, young, and highly educated,
and most participants were students. The findings may therefore not
generalize to populations with different demographic or educational
profiles.

Most student participants were studying psychology and may have
been familiar with Big Five models and with the convention of classi-
fying liberalism and intellect as facets of openness to experience. Such
familiarity could influence the personality schema they applied to the
targets.

Participants may also have used themselves as a frame of refer-
ence, particularly when they perceived a vignette target as similar to
themselves, and projected aspects of their own personality onto the
target. Although self-target similarity and projection were not assessed
directly, the strong manipulation-check correlations (» = .79 and p =
.72) show that participants’ ratings closely tracked the manipulated
characteristics. Any disruptive self-referential influence therefore ap-
pears limited relative to the intended manipulation effects and did not
substantially obscure participants’ sensitivity to the manipulations.

To summarize, the present findings may not generalize without
qualification to personality perceptions elicited by other conceptu-
alizations of openness, non-IPIP frameworks, or more representative
perceiver populations.

5.5. Implications and recommendations for future research

Several methodological improvements could enhance the validity
and generalizability of future vignette-based studies examining the
relationship between liberalism and intellect. Personality judgments
are known to be more accurate when observers can directly per-
ceive behavior in unstructured situations than when traits are inferred
indirectly from written descriptions (Funder, 2012). Accordingly, a
more naturalistic mode of vignette presentation may help address
potential validity concerns. Future studies could present targets in
audio or video, for example in a simulated free conversation. LLM-
assisted dialogue generation combined with synthetic speech or video
could make the presentation more naturalistic than written vignettes
while retaining experimental control over the information conveyed.
Related approaches have already been used to generate experimental
text materials (Lechuga & Karle, 2026), manipulate perceived Big Five
traits through synthetic speech (Aylett et al., 2020), and alter perceived
personality, including openness, in generated videos (Yurtoglu et al.,
2024). Such stimuli should nevertheless be pretested for naturalness
and unintended vocal or visual differences between conditions.

In addition, future studies should aim to recruit samples that are
more representative of the general population. Doing so would help
rule out potential biases associated with convenience samples and allow
researchers to assess whether the observed dimensional violations are
robust across different demographic groups.

Beyond liberalism and intellect, it would be informative to extend
the present experimental paradigm to other problematic facet relations
within openness to experience, as well as to other Big Five factors.
Openness to experience is a particularly promising candidate, as nu-
merous violations of unidimensionality have been reported for this
factor. However, other theoretically interesting cases also exist, such
as the relationship between modesty and trust within agreeableness, or
items such as “I like to take it easy”, which can plausibly reflect both
introversion and extraversion (Titz, 2025a).

The present study may serve as a blueprint for such extensions by
illustrating how the conceptual assumptions and semantics underlying
state-trace analysis can be implemented.
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Table Al
German item translations used in the main experiment.
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item scale German translation Source of translation
C35 Self-efficacy Ich bin hervorragend in dem, was ich tue Treiber, 2013
C65 Self-efficacy Ich erledige Aufgaben elegant/reibungslos® Dege, 2018
C95 Self-efficacy Ich verstehe es, Dinge zu erledigen Dege, 2018
C05 Self-efficacy SchlieRt Aufgaben erfolgreich ab” Dege, 2018
008 Artistic interests Ich glaube an die Wichtigkeit von Kunst® Dege, 2018
038 Artistic interests Ich sehe Schonheit in Dingen, die anderen moglicherweise nicht auffallt® Dege, 2018
068 Artistic interests Ich mag Gedichte®*® Dege, 2018
098 Artistic interests Geht gerne in Kunstmuseen®© Dege, 2018
028 Liberalism Neigt dazu, linksliberale Politiker zu wéhlen® Dege, 2018
058 Liberalism Glaubt, dass es kein absolutes richtig oder falsch gibt® Dege, 2018
088 Liberalism Tendiert dazu, konservative Politiker zu wihlen” Treiber, 2013
0118 Liberalism Glaubt, dass wir Verbrechen hart ahnden sollten” Dege, 2018
023 Intellect Liest gerne anspruchsvolle/komplexe Texte" Dege, 2018
053 Intellect Vermeidet philosophische Diskussionen® Dege, 2018
083 Intellect Hat Schwierigkeiten, abstrakte Ideen zu verstehen” Dege, 2018
0113 Intellect Ist wenig an theoretischen Diskussionen interessiert” Dege, 2018

2 The word “Ich” (German for “I”) was added to the translation to clarify the context of self-assessment.

b Jtem was reformulated in third person for grammatical correctness and clarity.

¢ The original translation source item is inverted.

d Item was modified to avoid associations with specific German political parties.

5.6. Conclusion

The present study provides experimental state-trace evidence that
perceived liberalism and intellect may not function as monotonic indi-
cators of a single openness dimension within personality descriptions
derived from the IPIP-NEO-120. This conclusion is consistent with pre-
vious findings, but the present study extends the existing evidence by
testing confirmatory hypotheses with an advanced method for assessing
unidimensionality and by relying on experimental data. Writing about
controversies over the number and nature of personality dimensions,
Eysenck (1997) argued that purely correlational, factor-analytic ap-
proaches could not resolve them because the causal nexus was missing,
and called for theoretical deductions to be tested experimentally.

State-trace analysis is particularly well positioned to help meet this
challenge. When combined with controlled manipulations, it provides
a direct test of dimensionality and offers personality research a new
route toward resolving structural controversies that have traditionally
been approached through correlational methods.
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