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ABSTRACT

Responses to Likert-type behavioral frequency (LBF) questions often do not consistently map onto objective numerical estimates.
Prior research suggests that social and other comparisons may underlie this divergence, but the relative influence of different
comparison standards—and the cognitive processes supporting them—remains unclear. Across two studies, we examined how
comparisons to peers, averages, experts, past selves, and conceptually irrelevant standards shape LBF responses for common
health behaviors (e.g., hand washing and flossing). Participants provided LBF judgments, absolute frequency estimates, and
comparative judgments for each behavior. Study 1 showed that direct comparisons predicted LBF judgments above and beyond
participants’ own absolute frequency estimates, with comparisons to experts and average others being especially influential.
Even when controlling for shared methodological variance, all comparison types explained unique variance in LBF responses.
Study 2 replicated this pattern of results. Moreover, additional analyses in Study 2 suggest that participants were not making
precise, pairwise comparisons between numeric estimates, but were instead relying on more abstract, gist-like impressions of
how their behavior compared to others. Together, these findings underscore the importance of considering the comparative and
interpretive nature of self-report measures, particularly in contexts where behavioral frequency carries social, normative, or
evaluative meaning.

Likert-type behavioral frequency (LBF) questions—such
as “How often do you feel overwhelmed at work?” with re-
sponse options like never, sometimes, and always—are a sta-
ple in psychological research (e.g., Likert 1932; Schwarz and
Oyserman 2001; Tourangeau et al. 2000; see Jebb et al. 2021,
for review). Moreover, they are used to measure behavior fre-
quency in a wide range of applied contexts, such as in CDC
health-related telephone surveys, consumer behavior surveys
(e.g., McKinsey & Company), and health surveys conducted
by the World Health Organization (e.g., the Health Behavior
in School-aged Children study; see Inchley et al. 2020). A key

reason for their popularity is that they are—on the surface—
intuitive and easy to use for respondents, especially when
compared to more cognitively demanding numeric response
formats that ask respondents to recall behavior frequency in
terms of absolute frequencies (Al Baghal 2014; Bradburn and
Miles 1979; Burton and Blair 1991; Tourangeau et al. 2000).
However, the apparent simplicity of LBF judgments masks the
complexity of the cognitive processes involved in answering
them (Schwarz 1999). Notably, past research shows that LBF
judgments do not consistently map onto objective numerical
estimates (e.g., Budescu and Wallsten 1985; Conrad et al. 1998;
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Schwarz 1999; Wright et al. 1994; Woltz et al. 2012). Some of
this work has also provided insights about a key reason why:
Comparisons of various types—such as social comparisons—
can influence how internal estimates of behavior frequency
are mapped onto LBF response scales (e.g., Robert Pace
and Friedlander 1982; Schaeffer 1991; Sudman et al. 1996;
Winke 2002; Wright et al. 1994).

In the present work, we examined these comparative influences
more closely. Specifically, although there are multiple types of
comparisons that could shape LBF responses—such as those
involving peers, average others, past selves, or expert stan-
dards—prior research has not systematically evaluated their rel-
ative contributions. Our primary goal, therefore, was to assess
the relative impact of these different comparison standards in
shaping LBF responses. We tested this in studies that asked par-
ticipants for LBF responses regarding health-related behaviors
(e.g., frequency of hand washing). In doing so, we also aimed to
learn more about the nature of the comparison processes that
influence LBF responses—that is, whether they reflect a more
gist-like comparison process or one that involves comparisons of
verbatim frequency estimates.

1 | Interpreting Likert-Type Behavioral Frequency
Questions: The Role of Context and Comparison

Likert-type behavioral frequency (LBF) questions may appear
simple on the surface, but a closer look reveals that they can
involve a range of cognitive processes. As outlined by previ-
ously established models of survey responding (e.g., Schwarz
and Oyserman 2001; Tourangeau et al. 2000), providing a be-
havioral frequency judgment requires respondents to navigate
several stages: comprehending the question, retrieving relevant
behaviors from memory, forming a judgment about frequency,
and mapping that judgment onto a response scale. Although nu-
meric frequency formats emphasize retrieval (i.e., “How many
times did X occur?”), LBF items shift the cognitive emphasis
toward judgment and mapping. Whatever representation that
a person has or constructs about their frequency of a behavior,
LBF questions require that it be mapped onto a 1-X rating scale
defined by anchors like “rarely” and “often.”

Range-frequency theory offers one perspective on this map-
ping of an internal representation onto a 1-X rating scale
(Parducci 1965). The theory is a formal, domain-general model
for ratings. It posits that a rating can be modeled as a compro-
mise between two comparative components—how the target
magnitude compares to the lowest and highest magnitudes in
a contextually relevant set and how the target magnitude ranks
among all the magnitudes in the set. For the present domain,
the target magnitudes being asked about in LBF questions are
frequencies, so the two comparative subcomponents would like-
wise involve other frequencies. In short, range-frequency theory
suggests that a perceived distribution of other frequency values
would be crucial in shaping what response is selected on the
scale of an LBF question. More recent process-level accounts
of judgment, such as the Decision by Sampling (DbS) theory
(Stewart et al. 2006), similarly treat judgments as emerging
from comparisons against a set of accessible reference values.
Notably, however, both range-frequency theory and DbS are

domain-general and agnostic about where these values are from;
comparison values could be from various sources (e.g., thoughts
about peers, thoughts about the self in the past, observations of
strangers or media characters, and memories of expert recom-
mendations). Moreover, the salience and differential impacts of
various types of comparative referents are not determined by ei-
ther theory; only an empirical approach, such as the one in this
paper, can speak to this.

Itis also notable that verbal terms that serve as endpoint anchors
in LBF questions are typically vague (e.g., Brun and Teigen 1988;
Budescu and Wallsten 1985). Words like “rarely” and “often”
lack fixed meanings and are interpreted in relation to contex-
tual and personal factors (e.g., Borgers et al. 2003; Robert Pace
and Friedlander 1982; Schaeffer 1991; Wanke 2002). For exam-
ple, research shows that people tend to interpret the same ver-
bal quantifier differently depending on the behavior in question
(Bradburn and Miles 1979)—for instance, “often” might corre-
spond to a low absolute frequency when referring to the number
of earthquakes a Californian experiences in a year, but a large
absolute frequency when referring to the number of times that
guns are fired in western movies (Pepper and Prytulak 1974).
Interpretations of verbal quantifiers also vary across demo-
graphic groups: age, education, cultural background, and so-
cioeconomic status can all shape how respondents construe
verbal quantifiers (Borgers et al. 2003; Krumpal et al. 2008;
Schaeffer 1991; Schneider and Stone 2016; Wright et al. 1994).
This variability does not necessarily undermine the utility
of LBF questions, but it highlights that their meaning is con-
structed dynamically and may reflect both subjective context as
well as objective behavior.

A study by Winke (2002) provides an interesting example of
how salient comparison targets can change the way respondents
map internal representations of behavior frequency onto LBF re-
sponse scales. Students who were asked to report how frequently
they go to the movies on an LBF scale provided—on average—
different responses depending on whether they were told that
the study was investigating the leisure activities of city residents
(a comparison group with a lower base rate of movie attendance)
versus fellow university students (a comparison group with a
higher base rate of movie attendance). Notably, differences in
reference groups did not affect absolute numeric reports, sug-
gesting that it is the process of mapping internal estimates of
absolute frequency onto LBF scales that invites comparisons.
These findings are consistent with both range-frequency the-
ory, which suggests that people use available comparison values
to position their own behavior within a subjective distribution
when mapping behavior onto LBF scales, and with the idea that
vague verbal labels on LBF scales are interpreted flexibly in re-
lation to contextually salient referents.

2 | Which Comparisons Have an Influence?

Despite broad agreement that comparison processes are rel-
evant, very little is known about the relative contributions of
these different points of comparison. Particularly in health con-
texts, it could be the case that expert recommendations serve as
the primary reference point for how respondents interpret ver-
bal quantifiers in LBF questions. Expert recommendations have
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been shown to impact behavior (Cummings et al. 1979; Larson
and Story 2009; Michie et al. 2012; Prochaska et al. 2006), and it
is reasonable to suspect that respondents may use their knowl-
edge of expert benchmarks—if available—to inform where
their behavior frequency falls along an LBF scale. Alternatively,
social comparison theory (Festinger 1954) suggests that in the
absence of objective standards, individuals often evaluate them-
selves relative to others in their social environment. As such, it
is also possible that respondents primarily draw on social com-
parisons—including those to close peers (Alicke et al. 1995) or
generalized population norms (Suls and Wheeler 2000)—to
inform how frequently they engage in a behavior (Cole and
Korkmaz 2013). Work on the local dominance effect suggests that
comparisons to close peers such as friends or family could have a
greater influence on judgments of relative behavioral frequency
than global comparisons to the average person or a distant so-
cial group (Alicke et al. 2010; Bruchmann and Evans 2013;
Buckingham and Alicke 2002; Klein 1997, 2003; Mussweiler and
Riiter 2003; Zell and Alicke 2009, 2010). However, this has not
been tested in a unified empirical framework and thus remains
an open question.

In addition to the question of whether some types of compari-
sons matter more than others in shaping responses to LBF ques-
tions, there is also an outstanding question about the cognitive
basis of these comparative influences. One possibility is that
the relative nature of LBF questions prompts respondents to en-
gage in pairwise comparisons of absolute representations of fre-
quency—explicitly contrasting their own behavior with one or
several recalled standards (e.g., “I floss more than my roommate
but less than what my dentist recommends”). Alternatively, an-
other possibility is that the influence of comparative processes
on responses to LBF questions is grounded in a more gist-like
representation of how one'’s behavior stacks up relative to others
or to general norms. Gist-based representations of relative fre-
quency in LBF judgments could reflect simple categorical dis-
tinctions (e.g., “more than most”) that integrate various sources
of comparison information without retrieval of explicit com-
parison standards (e.g., expert recommendations about an ab-
solute frequency). The theoretical distinction between people
making pairwise comparisons of absolute representations and
people using gist representations of relative frequency is similar
in nature to fuzzy-trace theory (e.g., Brainerd and Reyna 2002,
2004; Reyna and Brainerd 1995), which proposes that people
encode and rely on both verbatim (precise) and gist (intuitive)
mental representations, often favoring gist representations
when making judgments under uncertainty or low-effort con-
ditions. Currently, it is not clear which of these two cognitive
processes—either making pairwise comparisons of absolute/
verbatim frequencies or relying on gist representations of com-
parative frequency—is primarily responsible for the influence of
comparisons on LBF judgments.

3 | The Current Research

The present work sheds light on the two interrelated issues
just reviewed—one about the relative contributions of different
points of comparison on people's LBF responses, and the other
about the gist versus verbatim mechanisms underlying these
contributions.

The main goal driving our first study was to examine the rela-
tive influence of different types of comparison standards on LBF
responses. We examined this in the context of health-related be-
haviors (e.g., flossing teeth, washing hands, and eating break-
fast). Participants first responded to an LBF question for each
behavior. The LBF scales we used included verbal labels for the
scale endpoints (e.g., “almost never” to “extremely often”). We
then solicited their absolute numeric estimates of the frequency
for each behavior, and we administered a series of five direct-
comparative questions—each asking how often they performed
the behavior relative to a different specified standard (e.g., close
peers and expert recommendation). Multilevel modeling was
used to examine the extent to which people’s beliefs about the
five possible comparison standards for a given behavior were
predictive—beyond their absolute numeric estimates—of their
Likert response about their own behavior frequency (their LBF).

Study 2 followed up on key results from Study 1, using almost
the same paradigm, but with additional measures that helped to
examine the extent to which the influence of comparisons could
be attributed to people making pairwise comparisons of various
absolute estimates/standards, or whether they are grounded in
more gist-like representations.

The studies were preregistered and approved by the University
of Iowa Institutional Review Board (#201201727). The materials,
data, code, and preregistrations are available on OSF: https://osf.
io/c8abu

4 | Study1l (1A and 1B)

Study 1 was originally run as two separate studies, with 1b being
a replication of 1a. Because Studies 1a and 1b were identical ex-
cept for whether participants were tested in a lab or remotely,
we report the studies together and will collectively refer to them
as Study 1. Parts 1la and 1b were preregistered separately but
identically. See the above OSF link for access to preregistrations,
materials, and data.

The primary focus of Study 1 was on identifying which types
of comparisons most strongly predict LBF judgments above and
beyond absolute numeric reports of behavior frequency. There
were five types of comparisons that we queried. Four of these
were selected as theoretically meaningful standards that people
might use when constructing their LBF responses: comparisons
to close peers, population norms (i.e., the average person of the
same age and gender), expert recommendations, and one's past
self. We hypothesized that these four relevant direct-comparison
judgments would shape LBF responses. Specifically, we pre-
dicted that, even when controlling for self-absolute frequency es-
timates of behavior, people's responses to the direct-comparison
questions would significantly predict their answers on the LBF
scale. We did not have specific hypotheses about which of the
four main comparisons would be most predictive, though this
was a main question of interest.

The fifth direct-comparison question asked participants to
compare their behavior to a non-meaningful and very dis-
tant social standard: the average European. The “average
European” distant social comparison was included not as a
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theoretically meaningful standard, but as a check on shared-
method variance (Podsakoff et al. 2012). Like the other com-
parison questions, it was measured on a 7-point Likert-type
scale, but we did not expect it to be a strong predictor of LBF
responses. Rather, we included it because any shared-method
variance that might make the other comparison questions pre-
dictive of LBF judgments (because all are answered on 7-point
scales) should also be shared by the compared-to-average-
European question. Therefore, controlling for the compared-
to-average-European responses in analyses predicting LBF
judgments should be useful for neutralizing the impact of
shared-method variance.

4.1 | Method
4.1.1 | Participants

Our preregistered sample-size targets of 256 for Studies 1a and
1b were based on guidelines for correlational research designs
suggesting that correlations become statistically stable and
have reduced estimation error when N~ 250 (Schonbrodt and
Perugini 2013). The final sample for Study 1a consisted of 275
undergraduate students (212 females, 52 males, 11 unreported,
M, =18.92, SD =1.65) who completed the survey in a labora-
tory setting. The final sample for Study 1b consisted of 180 un-
dergraduate students (112 females, 66 males, two unreported,
Mage:19.05, SD =1.23) who completed the survey online. All
participants received credit for a research requirement in their
introductory psychology course. The sample of 180 for Study 1b
differs from our preregistered sample size of 256 because the
number of participants available was reduced due to restricting
participants who had completed Study 1la from participating in
Study 1b. All in all, this leads to a total sample size of 455 par-
ticipants (324 females, 118 males, 13 unreported, M., =18.99,
SD =1.44).

TABLE1 | Types of Measures used in Studies 1 and 2.

4.1.2 | Behavior Types and Procedure

There were eight types of behaviors for which participants an-
swered questions. All were health-related: washing hands, eat-
ing red meat, flossing teeth, eating breakfast, drinking alcoholic
beverages, eating fish, washing one's face, and drinking caffein-
ated beverages.

All participants began by completing a self-report Likert-type
behavioral frequency (self-LBF) question for each behavior
in the order listed above. See the measures section for more
information about this and other types of measures (see also
Table 1 for a summary). Next, participants were randomly as-
signed to one of two counterbalancing conditions, which var-
ied the order in which they completed the remaining items. In
one condition, participants first provided absolute estimates
of how frequently they performed each behavior, followed by
five blocks of direct comparison items (with each behavior in
a given block).! In the other condition, the order was reversed,
with participants completing the direct comparison items be-
fore the absolute frequency estimates. The order in which the
five blocks of direct comparison items were encountered was
randomized.

4.1.3 | Measures

4.1.3.1 | Self-LBF Questions (The Outcome Mea-
sures). The main outcome measures were self-LBF ques-
tions that solicited responses on a 1-7 scale that had verbal
labels on the endpoints. For example, for the question about
eating red meat, participants were asked, “How often do you
eat red meat?” from 1 (Very infrequently) to 7 (Very frequently).
The wording of the questions, except for where the behav-
ior was specified, was the same from behavior to behavior.
Labels on the scales appeared only on the endpoints (under 1

Measure type Study Judgment target Response format Example item
Self-LBF 1,2 Self Likert-type scale “How often do you eat red meat?”
Self-absolute frequency 1,2 Self Numeric frequency “How many times a month

do you eat red meat?”
Direct comparison 1,2 Self vs. social group Likert-type scale “How often do you eat red meat

1,2 Self vs. expert standard

Other-absolute frequency 2 Social group

2 Expert standard

compared to your close peers?”

“How often do you eat red meat
compared to what experts recommend?”

Likert-type scale

Numeric frequency “How many times a month does
an average person your age

and gender eat red meat?”

Numeric frequency “How many times a month do
experts say a person your age and

gender should eat red meat?”

Note: Overview of the types measures used in Studies 1 and 2. Likert-type questions asked participants to report frequency using a verbal scale (e.g., “almost never” to
“extremely often”), whereas absolute frequency questions required numeric estimates that could be selected from a drop-down menu. “Self” items refer to judgments
about the participant's own behavior; “social group” items refer to judgments about/with regard to a social reference group (e.g., close peers and the average person);
“expert standard” items refer to judgments about/with regard to an expert standard or recommendation.
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and 7). The specific labels on those endpoints differed slightly
for the different behaviors. For instance, the flossing teeth
labels were (1) I do not floss my teeth and (7) I floss my teeth a
lot. Full details of all questions and response options are avail-
able in the survey materials posted on OSF (https://osf.io/
c8abu).

4.1.3.2 | Self-Absolute Frequency Questions. These
questions solicited a participant's numeric estimate of their
own absolute frequency of a behavior in a specified time period.
For example: “How many times a [month| do you [eat red meat]|?”
This particular example item had a drop-down menu ranging
from 0-40 times a month, but the time period and response
option range differed slightly from question to question based
on the behavior. See survey materials on OSF for item-specific
details (link above). Because self-absolute frequency estimates
tended to be highly positively skewed, estimates were log trans-
formed for analyses (with a constant of 1 added to accommodate
zeros) to reduce skew and better approximate normality.?

4.1.3.3 | Direct-Comparison Questions. In both studies,
there were five types of direct comparison measures for each
behavior: a global comparison, a local comparison, a comparison
against the perceived expert standards, a prior-self comparison,
and a comparison against a distant social group (Europeans).
Each of these direct comparisons was answered on a scale from
—3 to +3 with labels at the endpoints and midpoint—for exam-
ple, =3 (I eat significantly less than ...), 0 (I eat about the same
amount as ...), to +3 (I eat significantly more than ...). Direct
global comparison questions (for red meat) asked, “Think about
the average person your age and gender. How often do you eat
red meat compared to the average person?” Direct local com-
parison questions asked, “Think about your close peers (peo-
ple you see or hang out with often). How often do you eat red
meat compared to your close peers?” Direct expert comparison
questions asked, “Think about the amount of red meat experts
recommend eating. How often do you eat red meat compared
to what experts recommend?” Direct prior-self comparison ques-
tions asked, “Think about the amount of red meat you ate at this
time a year ago. How often do you eat red meat now compared to
a year ago?” Direct distant social group questions asked, “Think
about the average European person. How often do you eat red
meat compared to the average European?”

5 | Results
5.1 | Preliminary Analyses

To examine basic associations, we computed zero-order cor-
relations—separately for each behavior—among the main vari-
ables: the self-LBF judgments, self-absolute frequency estimates
(transformed as described above), and five direct comparisons.
We then computed averages of these correlations across the
eight behaviors—using Fisher z-transformations, which were
then back-transformed after averaging. Table 2 displays these
average correlations. All predictor variables were moderately
to strongly positively correlated with LBF estimates, suggesting
that participants who gave higher self-LBF estimates also tended
to report higher self-absolute frequency estimates and higher di-
rect comparison estimates.

We also examined intercorrelations among the five direct-
comparison variables to assess the potential for multicollinear-
ity in regression models. Correlations ranged from r=0.232 to
0.752 across behaviors, with the strongest associations observed
between local and global comparisons. Variance inflation fac-
tors (VIFs) from a multilevel model including all five compari-
sons ranged from 1.13 to 3.32 (average VIF =2.27), which is at or
below the conservative cutoff of 3 (Garson 2012; O'brien 2007).

5.2 | Main Analyses

We will now report a series of mixed-effects analyses intended
to comprehensively examine the influence of comparison-
based reasoning on LBF judgments. Given that the primary
outcome of interest was item-level self-LBF judgments (i.e., one
self-LBF judgment per participant per behavior), we employed
a multilevel modeling approach to account for the nested
structure of the data—specifically, repeated judgments nested
within participants and behaviors. This approach allowed us
to model variability across the eight target behaviors while ap-
propriately accounting for individual differences. All models
were cross-classified multilevel models estimated using the
Imer() function from the Ime4 package in R (Bates et al. 2015)
with random intercepts specified for both participant and
behavior.> To facilitate interpretation and comparability

TABLE 2 | Average correlations between LBF estimates, self-absolute frequency estimates, and direct comparisons in Study 1.

Average correlations

Measure Range 1 2 3 4 5 6
1. Self-LBF judgment 1to7 —

2. Self-absolute frequency 0t04.33 0.759 —

3. Expert comparison -3to3 0.694 0.650 —

4. Global comparison —-3to3 0.719 0.667 0.702 —

5. Local comparison —3to3 0.660 0.611 0.626 0.752 —

6. Prior-self comparison —-3to3 0.300 0.287 0.285 0.298 0.266 —
7. Distant comparison -3to3 0.616 0.560 0.624 0.651 0.581 0.232

Note: All of the average correlations are significant at p <0.001. Correlations were averaged across the eight health behaviors using Fisher z-transformation and back-
transformed for reporting. As described in the Measures section, the self-absolute frequency estimates were log transformed before going into the analyses.
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across predictors and outcomes, all continuous variables—
including the outcome variable (self-LBF judgments), the
log-transformed absolute-frequency estimates, and the direct
comparisons—were standardized prior to analysis. Absolute
frequency estimates were also log transformed prior to stan-
dardization to correct for positive skew; a constant of 1 was
added before transformation to accommodate zero values. To
assess whether direct comparisons accounted for additional
variance in LBF judgments beyond what was explained by ab-
solute frequency estimates, we compared nested models using
likelihood ratio tests. We also examined changes in marginal
R? (variance explained by fixed effects) to quantify the incre-
mental predictive value of each set of predictors. Marginal R?
values were obtained using the r.squaredGLMM() function
from the MuMIn package (Nakagawa and Schielzeth 2013;
Nakagawa et al. 2017).

5.2.1 | Do Comparisons Add Predictive Power Beyond
Absolute Frequency Estimates?

We start by examining whether the inclusion of the direct
comparisons (global, local, expert, previous self, and distant
social group) adds predictive power above and beyond self-
absolute frequency estimates for predicting self-LBF judg-
ments. To do this, we first fit a base model with self-absolute
frequency estimates as the sole predictor of self-LBF judg-
ments. As expected, self-absolute frequency estimates were
a strong predictor of self-LBF judgments, §=0.78, SE=0.01,
t(3315.39) =67.23, p<0.001, 95% CI [0.75; 0.80]. For a one stan-
dard deviation increase in self-absolute frequency (for a given
behavior), there was a 0.78 standard deviation increase in
self-LBF judgments. We then fit a model in which the direct-
comparison judgments were also included as predictors.
Adding the direct comparisons significantly improved model
fit, ¥2(5)=1191.17, p<0.001. The marginal R? increased from
0.55 to 0.68 with the inclusion of the four direct comparison
measures, indicating that the direct comparisons accounted
for an additional 13% of the variance in self-LBF judgments.

These results confirm that comparisons do indeed shape re-
sponses to LBF questions above and beyond estimates of ab-
solute frequency.

5.2.2 | Which Specific Comparisons Add Predictive
Power Beyond Absolute Frequency Estimates?

Having confirmed that direct comparisons inform responses
to LBF questions above and beyond absolute estimates of fre-
quency, our next main goal was to examine the relative influ-
ence of different types of comparison standards on responses
to LBF questions. Figure 1 plots the model coefficients of the
model including self-absolute frequency estimates and all direct
comparisons as predictors. As expected, self-absolute frequency
estimates were still a strong predictor (8=0.37, SE=0.01,
t(3311.00)=25.62, p<0.001, 95% CI [0.34, 0.40]) of LBF judg-
ments. Importantly, all five direct comparisons were also sig-
nificant predictors of self-LBF judgments. Specifically, aside
from self-absolute frequency estimates, participants' self-LBF
judgments were most strongly predicted by global comparisons
to the average person (=0.19, SE=0.02, £(3271.49)=11.97,
p<0.001, 95% CI [0.16, 0.22]) and by comparisons to expert
benchmarks (=0.17, SE=0.01, #(3285.66)=11.47, p<0.001,
95% CI[0.14,0.19]). Peer comparisons were also a notable predic-
tor (8=0.10, SE=0.01, £(3275.79)=7.60, p<0.001, 95% CI [0.08,
0.13]). Surprisingly, distant social comparisons were similarly
predictive (8=0.11, SE=0.01, #(3328.35)=8.55, p<0.001, 95%
CI [0.08, 0.13]). Lastly, comparisons to the previous self were
also significantly predictive of LBF judgments, but to a much
lesser extent (8=0.03, SE=0.01, £(3321.81)=3.67, p<0.001, 95%
CI[0.02,0.05]).4

5.2.3 | Does Each Comparison Explain Unique
Variance?

In addition to comparing effect sizes across direct comparison
predictors, we also ran a series of analyses in which we assessed

Predictors of LBF Judgments Across Health Behaviors

Absolute Frequency Estimates —_——
Expert Comparisons —_——
Global Comparisons ——
Local Comparisons —_—
Distant Comparisons —_——
Prior Self Comparisons -
000 005 010 0.15 020 025 030 035 0.40

Standardized Coefficient (B) with 95% CI

FIGURE1 |

Study 1. Model coefficients of the cross-classified multilevel model including self-absolute frequency estimates and all direct compar-

isons as predictors. Error bars represent 95% confidence intervals based on profile-likelihood estimation. Dotted horizontal line separates absolute

frequency estimates from direct comparisons.
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the extent to which each direct comparison measure predicts
variance above and beyond self-absolute frequency estimates.
Namely, we fit five models, each with self-absolute frequency
estimates and one direct comparison measure as predictors. We
then compared these five models to the base model with only
self-absolute frequency estimates as a predictor to assess how
much—if any—additional variance a given direct comparison
measure explained. Table 3 summarizes these models.

All five direct comparison models provided a better fit than
the base model, in which only self-absolute frequency esti-
mates were included (all p values <0.001). Within each model,
the direct comparison measures were all significant predic-
tors (all p values <0.001). Looking at changes in marginal
R? values, we found that global comparisons explained the
most additional variance with 9.01%. Comparisons to expert
benchmarks and comparisons to peers explained 5.39% and
6.14% of additional variance, respectively. Lastly, comparisons
to a distant social group explained 6.53% of additional vari-
ance, whereas comparisons to the previous self only explained
0.49% of variance above and beyond self-absolute frequency
estimates.

5.2.4 | How Much of the Predictive Power
of Direct Comparisons Comes From Conceptual vs.
Methodological Contributions?

Contrary to our a priori expectations, previous analyses
showed that all types of direct comparisons—including those
to a distant social group (the average European)—predicted
self-LBF judgments above and beyond self-absolute frequency
estimates. One possibility is that this broad pattern of predic-
tive value reflects methodological overlap: Both the self-LBF
judgments and the direct comparison measures used similar
response formats (e.g., 7-point Likert scales), which could in-
flate associations due to shared-method variance. To exam-
ine whether methodological similarity alone could account
for these effects, we conducted a series of follow-up analyses.
Specifically, we tested whether each conceptually relevant
direct comparison (global, local, expert, and previous self)
explained additional variance in self-LBF judgments beyond
that explained by responses to the absolute frequency question
and to the direct-comparison question about the distant social
group. Our reasoning was that if a given comparison measure
only predicts LBF judgments due to methodological simi-
larity (e.g., shared scale format), then it should not improve
model fit once another methodologically similar predictor is
already included. Conversely, if it does explain additional vari-
ance, this would indicate a unique conceptual role in shaping
LBF judgments. The reason we used the distant social group
variable rather than one of the other direct-comparison vari-
ables as (essentially) a control variable in this analysis was
grounded in our preregistered plans; we had anticipated that
there would be no conceptual connection between how people
responded to the self-LBF questions and the direct compari-
son with the average-European question, but there could be
shared-method variance.’

Table 4 summarizes the results of these analyses. In each case,
the inclusion of the additional direct comparison significantly

improved model fit (all ps<0.001), and each relevant direct
comparison was a significant predictor within its respective
model (all ps<0.001). Examining changes in marginal R?,
we found that global comparisons contributed the largest ad-
ditional increase at 4.51%, followed by the local (2.90%) and
expert (2.24%) comparison predictors. Although comparisons
to one's previous self also significantly improved model fit,
the increase in marginal R? was modest (0.31%). Together,
these results indicate that the predictive value of these con-
ceptually relevant comparisons cannot be fully explained
by methodological similarity to the outcome measure. That
said, although each relevant comparison measure explained
unique variance in self-LBF judgments beyond both absolute
frequency estimates and the distant social group comparison,
the magnitude of the additional explained variance was nota-
bly smaller than in our earlier analyses, where each compar-
ison was added to a base model that included only frequency
estimates. Specifically, marginal R? increases in the present
analyses ranged from approximately 0.3% to 4.5%, compared
to increases as high as 9% in the previous analyses. This at-
tenuation suggests that methodological similarities between
the LBF and direct comparison items might contribute to the
overall predictive power of direct comparison measures. Still,
the fact that significant variance remains accounted for even
after controlling for methodological similarities supports the
interpretation that relevant comparisons also play a substan-
tive conceptual role in shaping LBF judgments.

5.3 | Interim Discussion of Study 1

The results of Study 1 suggest that comparison-based reason-
ing meaningfully contributes to LBF judgments above and be-
yond participants’ own absolute estimates of how frequently
they perform a behavior. Although absolute frequency esti-
mates were still the strongest predictor of LBF responses, our
analyses showed that direct-comparison judgments were also
significantly predictive, accounting for an additional 13% of the
variance in self-LBF judgments. Notably, we found that many
types of comparisons are predictive of self-LBF judgments,
though not all to the same degree. Comparisons to the average
person and expert benchmarks emerged as particularly influen-
tial. Peer comparisons also had a notable but slightly reduced
influence, whereas comparisons to one's previous self were only
a very weak predictor of self-LBF judgments.

Another a priori goal of ours was to separate the conceptual
versus methodological contribution of direct comparisons for
predicting LBF judgments. We did this by examining the ex-
tent to which responses to comparative questions about a dis-
tant social group—in this case, the average European—also
predicted self-LBF judgments. To our surprise, we found that
these responses explained additional variance beyond self-
absolute frequency estimates, suggesting that methodological
similarities could indeed play a role in predicting self-LBF
judgments. To further probe this, we ran a series of analyses
in which we controlled for the conceptually irrelevant but
methodologically similar comparison (the European stan-
dard) to isolate the conceptual contribution of more meaning-
ful standards. We found that global, expert, local, and—to a
very small extent—prior-self comparisons each continued to
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explain unique variance in LBF judgments even when con-
trolling for shared methodology, supporting the conclusion
that their influence is not reducible to methodological simi-
larities alone. That said, the smaller marginal R? increases in
these models suggest that methodological overlap may inflate
associations to some degree.

6 | Study?2

Study 1 suggests that LBF judgments are influenced by more
than just a person's belief about their behavior frequency—
they also appear to reflect judgments about relative standing.
Importantly, there seems to be a wide range of comparisons that
inform LBF judgments. This raises additional questions about
the underlying cognitive basis of these comparative effects. One
possibility is that participants rely on pairwise comparisons of
specific absolute representations of frequency to inform self-
LBF judgments. That is, when asked for a self-LBF judgment,
people gauge how they respond as a function of thoughts they
have about how their own absolute frequency compares to the
absolute frequencies of others or for retrieved standards (e.g.,
I floss almost about 12 times a week, and I think other people
floss less than seven times, so I floss pretty often ...). The pos-
sibility that people retrieve and compare specific behavioral
exemplars is consistent with prior work showing that social
comparisons often involve concrete, memory-based contrasts
between the self, and others (e.g., Mussweiler and Strack 2000).
Alternatively, participants might rely predominantly on gist-
based representations that they may have already developed
before even being asked, or that they generate on the basis of
comparisons without consulting absolute/verbatim frequency
representations about comparison standards (e.g., I hardly hear
about anyone who flosses as much as I do). Prior work suggests
that people often rely on such gist-like, categorical representa-
tions when making social judgments, especially when precision
is unnecessary or effortful (e.g., Brainerd and Reyna 2002, 2004;
Reyna and Brainerd 1995).

Study 2 was designed to replicate the findings of Study 1 while
also providing additional information about the cognitive
bases of the observed comparative effects. The methodologi-
cal difference from Study 1 was the addition of other-absolute
frequency questions. These solicited estimates of absolute fre-
quencies about how often other people perform a behavior
(e.g., peers, Europeans) or, in the case of the expert bench-
mark question, how often experts recommend it be performed.
The inclusion of this question type allowed us to compare the
predictive validity of direct-comparison judgments versus
other-absolute frequency estimates—above and beyond what
is accounted for by self-absolute estimates. If the reason why
comparative judgments are predictive is that people's LBF
judgments are shaped by pairwise comparisons of absolute
frequencies, then participants’ responses to other-absolute fre-
quency questions should be predictive of self-LBF judgments
(similar in strength to how direct-comparative responses are
predictive). In contrast, if LBF judgments are more gist-like
in nature and pairwise comparisons of absolute estimates are
not drivers of LBF judgments, then participants’ responses
to other-absolute frequency questions would not be as pre-
dictive of self-LBF judgments as are the direct-comparative

judgments. Lastly, if there was a predictive advantage of the
direct-comparison judgments in this study, we could also test
whether a shared-method-variance explanation could account
for this advantage.

6.1 | Methods
6.1.1 | Participants

Our preregistered sample size of 250 was again based on the
work by Schénbrodt and Perugini (2013). The final sample was
234 undergraduate students (186 females, 48 males, M, =19.36,
SD =1.62) who completed the survey in a laboratory setting and
received credit for a research requirement in their introductory
psychology course.

6.1.2 | Procedure

The procedure of Study 2 was identical to that of Study 1,
with the exception that the other-absolute frequency estimate
items were added into the sequence of questions participants
answered. Specifically, every participant again answered the
Self-LBF questions first before being randomly assigned to
one of two counterbalancing conditions. In one condition,
participants first provided self-absolute frequency estimates
of how frequently they performed each behavior, followed by
absolute frequency estimates for the five comparison groups
(other-absolute frequency). In the other condition, this order
was reversed: participants first completed the other-absolute
frequency estimates, then the self-absolute frequency esti-
mates. Finally, participants answered the five blocks of direct
comparison items (with each behavior in its own given block)
in randomized order.

6.1.3 | Measures

The self-LBF-, self-absolute frequency-, and direct comparison
measures in Study 2 were identical to those in Study 1. The only
new measures—other-absolute frequency questions—were as-
sessed in the following manner. Akin to the direct comparison
measures, there were five types of estimates for each behavior:
global, local, expert, previous self, and distant social group.
Answers for each estimate type were given via a drop-down
menu with a range of occurrences, which differed slightly from
behavior to behavior (see survey materials on OSF for a full list
of the questions for each behavior). Here, we present the word-
ing primarily for the consumption-of-red-meat behavior. Global
estimate questions asked, “How many times a month does an av-
erage person your age and gender eat red meat?” Local estimate
questions asked, “Think about your close peers (people you see
or hang out with often. How many times a month do they eat
red meat?” Expert estimate questions said, “Think about how
often experts recommend doing this behavior. How many times
a month do experts say a person your age and gender should eat
red meat?” Prior-self estimate questions asked, “Think about
how often you ate red meat a year ago. How many times a month
did you eat red meat?” Distant social group estimate questions
said, “Think about the average European person. How many
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times a month does an average European eat red meat?” As with
self-absolute frequency estimates, all types of other-absolute
frequency estimates log transformed for analyses to account for
positive skew.

6.2 | Results

6.2.1 | Preliminary Analyses

We start by reporting the same set of preliminary analyses
as in Study 1. Table 5 summarizes the zero-order correla-

tions among self-LBF judgments, self-absolute frequency es-
timates, direct comparisons, and other-absolute frequency

estimates; averaged across the eight behaviors using Fisher
z-transformation. As in Study 1, self-LBF judgments were
correlated with self-absolute frequency estimates and with
direct-comparison judgments. All types of other-absolute fre-
quency estimates were positively and significantly correlated
with self-absolute frequency judgments; likewise, they were
also positively and significantly correlated with self-LBF
judgments. Intercorrelations among the five other-absolute
frequency variables ranged from r=0.294 to 0.519, with the
strongest associations observed between local and global mea-
sures. VIFs from a multilevel model including all five other-
absolute frequency measures ranged from 1.22 to 2.01 (average
VIF =1.60), which did not constitute concern (Garson 2012;
O'brien 2007; Tabachnick and Fidell 2007).

TABLE 5 | Average correlations between LBF estimates, self-absolute frequency estimates, direct comparisons, and other-absolute frequency

estimates in Study 2.

Average correlations

Measure Range 1 2 3 4 5 6 7 8 9 10 11 12
1. Self-LBF 1to7 —

judgment

2. Self- 0to75 0.754 —

absolute

frequency

3. Expert -3to3 0.656 0.645 —

comparison

4. Global -3to3 0.687 0.670 0.706 —

comparison

5. Local -3to3 0.588 0.556 0.616 0.709 —

comparison

6. Prior-self —-3to3 0.303 0.279 0.292 0.318 0.342 —

comparison

7. Distant —-3to3 0.584 0.588 0.664 0.709  0.603 0.279 —

comparison

8. Expert- 0 to 0.184 0.339 —-0.011 0.135 0.103 0.091 0.079 —

absolute 3.47

frequency

9. Global- 0 to 0.190 0.368 0.107 0.036 —0.019 0.053 0.091 0.371 —
absolute 4.11

frequency

10. Local- 0 to 0.319 0.502 0.256 0.207 —0.006 0.075 0.216  0.361 0.519 —
absolute 4.33

frequency

11. 0to 0.556 0.690 0.502 0.511 0408 —-0.127 0457 0.331 0.359 0.476 —
Previous- 3.78

absolute

frequency

12. Distant- 0to 0.136 0.300 0.049 0.039 0.024 0.075 -0.133 0425 0455 0.378 0.294 —
absolute 4.33

frequency

Note: Correlations were averaged across the eight health behaviors using Fisher z-transformation and back-transformed for reporting. Self-absolute and other-absolute

frequency estimates were log transformed before going into the analyses.
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6.2.2 | Main Analyses

6.2.2.1 | Examining Direct Comparisons—Do
the Results of Study 1 Replicate?. Before turning to our
main question about the predictive validity of other-absolute
frequency estimates versus direct-comparison judgments, we
first sought to replicate the key finding from Study 1: That
direct comparisons reliably predict self-LBF judgments beyond
absolute frequency estimates. As in Study 1, we found that a
model including the five direct comparison measures as pre-
dictors of self-LBF judgments provided a better fit than a model
including only self-absolute frequency estimates, y*(5)=360.67,
p<0.001. The marginal R? increased from 55.08% for the base
model to 63.40% for the model including direct comparisons,
indicating that the direct comparisons explained an additional
8.32% of variance in LBF judgments. This generally matches
the pattern observed in Study 1, again suggesting that self-LBF
responses are shaped by both perceived absolute behavior fre-
quency and comparative assessments of behavior.

Next, we examined the relative contribution of each direct
comparison type. Figure 2 plots the model coefficients of the
model that included self-absolute frequency estimates and
all direct comparisons as predictors; see specifically the gray-
triangle icons for the direct comparison model. Self-absolute
frequency again remained a strong predictor of self-LBF judg-
ments (§=0.44, SE=0.02, £(1566.98)=20.79, p<0.001, 95% CI
[0.40; 0.49]). Three of the four relevant direct comparisons also
again emerged as a significant predictor, and their relative con-
tributions were generally comparable to those of Study 1. Global
comparisons (f=0.19, SE=0.03, £#(1539.09)=7.35, p<0.001, 95%
CI[0.14; 0.24]) and comparisons to expert benchmarks (§=0.13,
SE=0.02, t(1538.98)=6.06, p<0.001, 95% CI [0.09; 0.17]) were
the strongest direct comparison predictors, followed by com-
parisons to local peers (8=0.09, SE=0.02, £#(1549.72)=4.44,
p<0.001, 95% CI [0.05; 0.13]). Comparisons to the previous self

(8=0.03, SE=0.01, t(1565.02)=1.83, p=0.067, 95% CI [-0.00;
0.05]) were only marginally significant, and distant social group
comparisons ($=0.03, SE=0.02, t(1566.80)=1.37, p=0.172,
95% CI [—-0.01; 0.07]) were not a significant predictor of self-LBF
judgments in Study 2.

To assess the unique contribution of each comparison type in
terms of additional explained variance, we again fit a series of
models in which each direct comparison predictor was entered
alongside self-absolute frequency. Each of these models was then
compared to the base model with only self-absolute frequency
(see Section A of the Supporting Information for a full reporting
of these models). As in Study 1, all five comparisons significantly
improved model fit (all ps<0.001), and each was a significant
predictor within its respective model. Changes in marginal R?
showed that global and local comparisons explained the greatest
additional variance (7.73% and 5.14%, respectively), followed by
distant social group comparisons (5.10%) and expert benchmark
comparisons (3.80%). Comparisons to the previous self again ac-
counted for the smallest increase in explained variance (0.84%).
These results reaffirm the finding that, although all comparison
types carry some predictive value, certain comparisons—partic-
ularly global and local standards—may play a more central role
in shaping how people respond to self-LBF questions.

Next, we once again assessed the possibility that methodologi-
cal similarities could be driving the relationship between direct
comparisons and self-LBF judgments by examining the extent
to which the four relevant direct comparison types explain
variance in self-LBF judgments beyond self-absolute frequency
estimates and distant social group (i.e., nonrelevant) compari-
sons. The conclusions of this analysis are largely the same as
for Study 1 (see Section B of the Supporting Information or full
reporting). Across all models, adding each conceptually relevant
direct comparison led to a significant improvement in model fit
(all ps<0.001), and each comparison emerged as a significant

Predictors of LBF Judgments Across Health Behaviors

- Direct Comparison Model @ Other-Absolute Frequency Model

Self-Absolute Frequency - -
Expert -
Global - A
Local -e- e
Distant '.'_‘_
Prior Self -
04 02 0.0 02 0.4 0.6 08 1.0

Standardized Coefficient (B) with 95% CI

FIGURE 2 | Study 2. Model coefficients for the cross-classified multilevel model including self-absolute frequency estimates (above dotted line)
and the five other-absolute frequency measures (other-absolute frequency model) and the cross-classified multilevel model including self-absolute

frequency estimates and the five direct comparison measures (direct comparison model). Error bars represent 95% confidence intervals based on

profile-likelihood estimation. Dotted horizontal line separates self-absolute frequency estimates from measures for the five reference groups.
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predictor when included alongside absolute frequency estimates
and the distant social comparison. The additional variance ex-
plained by each predictor varied, with global comparisons yield-
ing the largest gain in marginal R? (3.47%), followed by local
(2.07%) and expert (1.00%) comparisons. Comparisons to par-
ticipants’ previous selves again accounted for a smaller yet still
significant portion of additional variance (0.44%). These find-
ings replicate those from Study 1 and reinforce the conclusion
that the predictive influence of relevant comparisons cannot be
attributed solely to shared-method variance with the outcome
measure.

6.2.2.2 | Do Pairwise Comparisons of Absolute Frequen-
cies Play a Role?. In Study 2, we added the other-absolute
frequency measures in order to learn more about the nature
of the comparison processes that are influencing LBF judgments.
One possibility is that being asked for an LBF judgment trig-
gers a pairwise comparison for formulating the LBF response.
The pairwise comparison would be between a person's estimate
of their own frequency of the behavior and a referent estimate—
such as an expert's standard or the estimated frequency with
which other people do the behavior. If such pairwise compari-
sons with other-absolute frequency estimates trigger and drive
LBF responses, then the other-absolute frequency estimates
should carry the same predictive value as direct-comparison
judgments. In contrast, if people are making pairwise compar-
isons and are relying more on gist-like impressions of relative
standing, these other-absolute estimates may be less strongly
associated with self-LBF judgments. To examine whether
other-absolute frequency estimates predict self-LBF judgments
beyond self-absolute frequency estimates in a similar manner as
do direct comparisons, we used the same analysis approach as
for direct comparisons. Namely, we compared a model including
self-absolute frequencies and the five types of other-absolute fre-
quency estimates to the base model with self-absolute frequency
estimates as the sole predictor of self-LBF judgments (again with
all absolute frequencies log transformed).

A likelihood ratio test showed that the model that included
other-absolute frequency estimates provided a significantly
better fit, y*(5)=56.37, p<0.001. However, the marginal R? in-
creased only from 54.08% to 57.39% with the inclusion of the five
other-absolute frequency estimates, indicating that absolute es-
timates about others' behavioral frequencies accounted only for
an additional 3.31% of the variance in self-LBF judgments, above
and beyond the self-absolute frequency estimates. This relatively
modest gain in predictive power contrasts with the stronger in-
fluence of direct comparisons (13% increase in marginal R? for
Study 1 and 8.32% increase for Study 2) and provides initial ev-
idence against the idea that comparative judgments are predic-
tive because people's self-LBF judgments are shaped by pairwise
comparisons of absolute frequencies. If participants were rely-
ing on absolute-frequency based computations for their compar-
isons, one would expect other-absolute frequency estimates to
contribute substantially more explanatory power.

When we examine the marginal predictive power of each type
of other-absolute frequency estimates individually, the over-
all conclusion remains the same: They were not strong predic-
tors. Figure 2 plots coefficients from the model that includes
self-absolute frequency estimates and the five other-absolute

frequency estimates as predictors; see specifically the black-
circle icons for the other-absolute frequency model. For inter-
preting those coefficients for the other-absolute frequency
measures, we first note that the pairwise-comparison account
would expect them to be negative rather than positive.® The
coefficients for the global, local, and distant social estimates
were significantly negative, but their magnitudes were modest:
B=-0.06,SE=0.02, £(1575.94) = -2.78, p=0.006, 95% CI [-0.10,
—0.02]; =-0.05, SE=0.02, t(1570.36)=—2.66, p=0.008, 95%
CI [-0.10, —0.01]; and 8=-0.05, SE=0.02, t(1573.00)=—2.36,
p=0.018, 95% CI [-0.09, —0.01]; respectively. The coefficient
for the expert estimate was not significant, §=-0.01, SE=0.02,
1(1505.83) =—0.47, p=0.636, 95% CI [—0.06, 0.03], and the coef-
ficient for previous-self estimate was significant but in the op-
posite (positive) direction, §=0.11, SE=0.02, #(1569.14) =4.86,
p<0.001, 95% CI [0.07, 0.16].

In another way of examining the marginal predictive power of
each type of other-absolute frequency estimate, we ran a series
of individual model comparison analyses, just as we had done
for the direct comparisons. Specifically, we fit five models—
each with the self-absolute frequency measure and one other-
absolute frequency measure as predictors—and compared them
to the base model that had only the self-absolute frequency mea-
sure as a predictor. Table 6 summarizes these models.

Although four of the five models showed a significant improve-
ment over the base model, the magnitudes of the improvements
were all quite small—ranging from 0.19% to 1.15% for the ad-
ditional amount of variance explained. As reported earlier, the
additional amounts of variance explained by adding direct com-
parison measures over the base model were generally larger;
the highest was for global direct comparisons, which explained
7.73% additional variance. Even in the analyses that controlled
for shared-method variance, the global direct comparisons ex-
plained 3.47% additional variance. In summary, the additional
predictive utilities of other-absolute frequencies were small
(with the highest at 1.15%) relative to the additional predictive
utilities of some of the direct comparisons, even after accounting
for shared-method variance.

6.2.2.3 | How Are Direct-Comparison Judgments Them-
selves Constructed?. One question that may arise is how
the direct-comparison judgments themselves are constructed
and whether they truly reflect intuitive gist judgments that go
beyond numeric comparisons, or whether they partially arise
from computations based on absolute frequency estimates. To
probe this, we conducted an exploratory analysis in which we
computed indirect comparison indices as the difference between
participants’ self- and other-absolute frequency estimates
and assessed their correspondence with the direct comparison
measures. Across judgment targets, these indirect indices were
moderately correlated with the corresponding direct compari-
sons (rs ranging from 0.470 to 0.574) and explained roughly 30%
of the variance in those ratings (R?s ranging from 0.24 to 0.38).
This pattern suggests that direct comparisons may incorporate
some information that is also captured by difference-based
computations, but that a substantial portion of the variance in
direct-comparison judgments is not well accounted for by these
numeric contrasts alone—consistent with the idea that direct
comparisons reflect more gist-like assessments.
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Next, we explored the predictive value of the indirect compari-
son indices for self-LBF judgments. Relative to the base model
including only self-absolute frequency estimates (marginal
R?=0.54), adding all indirect comparison indices explained
only an additional 2.51% of variance, similar in magnitude to
the increment observed when adding the other-absolute esti-
mates themselves (3.31%). By comparison, adding the full set
of direct comparison measures explained 8.32% of additional
variance. Thus, although difference-based indices derived from
absolute frequencies capture part of the relational information
that influences LBF responses, they were less predictive than
participants’ direct-comparative judgments. Taken together,
these exploratory findings suggest that direct comparisons are
unlikely to arise solely from arithmetic transformations of ver-
batim frequency estimates. Instead, they may reflect a partially
independent layer of comparative reasoning—one that incor-
porates but is not reducible to numeric differences—consistent
with a more gist-like process of evaluating one's standing rela-
tive to various referents.

6.3 | Interim Discussion of Study 2

Study 2's results generally replicate the findings of Study 1. As
in Study 1, we found that direct comparison measures of var-
ious types predicted LBF judgments above and beyond self-
absolute frequency estimates of behavior; reaffirming that LBF
judgments reflect not only a person's beliefs about behavior fre-
quency but also their beliefs about relative standing. As in Study
1, comparisons to the average person and expert benchmarks
had the strongest influence, followed by local comparisons
and—to a lesser extent—comparisons to the previous self.

Importantly, Study 2 also provides additional insights into the
cognitive basis of these comparative effects. Specifically, we
compared the predictive power of direct-comparison judgments
with that of absolute frequency estimates for the relevant ref-
erent groups (e.g., others and experts). Although both types of
measures explained variance in LBF judgments beyond self-
absolute estimates, direct-comparison judgments consistently
accounted for more variance (8.32%) than the corresponding
other-absolute frequency estimates (3.31%). Standardized coef-
ficients likewise tended to indicate stronger effects for the di-
rect comparisons. Moreover, even after controlling for potential
shared-method variance—given that both direct comparison
and LBF judgments rely on the same response format—direct
comparisons retained a slight predictive advantage. These find-
ings are more consistent with a gist-based interpretation: Rather
than retrieving and comparing explicit absolute frequency stan-
dards, participants may rely on broad, categorical impressions of
relative standing (e.g., “more than most” or “about the same as
others”). Such gist-based representations may integrate various
sources of comparison information in a holistic manner, bypass-
ing the need for detailed numerical comparisons.

7 | General Discussion
Prior work has found that responses to Likert-type behavioral

frequency questions can involve comparison processes (Robert
Pace and Friedlander 1982; Schaeffer 1991; Sudman et al. 1996;

Winke 2002; Wright et al. 1994). However, little is known about
which types of comparisons are most influential. In the present
work, we addressed this gap by examining the extent to which
different reference standards—including population norms, ex-
pert benchmarks, close peers, distant others, and the self over
time—systematically influence LBF judgments about health-
related behaviors.

In both Studies 1 and 2, we found that participants' self-LBF
judgments were significantly predicted by a range of compar-
ative standards, even after controlling for absolute estimates
of their own behavioral frequency. This finding supports prior
research suggesting that LBF judgments are not just pure re-
flections of recalled behavioral frequencies but also a reflection
of how one situates those frequencies in a broader comparative
context (Cole and Korkmaz 2013; Robert Pace and Friedlander
1982; Schaeffer 1991; Winke 2002). Notably, although all com-
parison types were statistically significant predictors of self-
LBF judgments, comparisons to global population norms and
expert recommendations emerged as the strongest contributors.
Comparisons to local peers were also a notable contributor, with
comparisons to one's previous self only playing a small role in
shaping self-LBF judgments.

That expert benchmarks emerged as especially strong pre-
dictors of self-LBF judgments is particularly notable. Prior re-
search has shown that expert guidelines can shape behavior
itself (Cummings et al. 1979; Larson and Story 2009; Michie
et al. 2012; Prochaska et al. 2006). The present findings extend
this work by indicating that such benchmarks—at least in the
context of health behaviors—may also guide how individuals
interpret and use LBF questions. At the same time, the fact that
comparisons to both global and local peers also predicted LBF
responses is consistent with the notion that people tend to eval-
uate themselves relative to others in their social environment
(Festinger 1954). Although prior work has emphasized the
importance of local comparisons (Alicke et al. 1995; Zell and
Alicke 2010), the current results suggest that individuals may
also—perhaps even to a larger extent—draw on more distal or
global comparison standards to the average person when form-
ing LBF judgments about health behaviors.

Although the findings above are important for interpreting LBF
judgments in health-related domains, it is reasonable to spec-
ulate that the relative contributions of different comparison
groups may shift across contexts and individuals. As evidenced
by other research, interpretations of vague verbal quantifi-
ers can differ depending on the target behavior (Pepper and
Prytulak 1974), as well as across demographic groups (Borgers
et al. 2003; Krumpal et al. 2008; Schaeffer 1991; Schneider and
Stone 2016; Wright et al. 1994). Because LBF questions rely on
such vague quantifiers to anchor scale endpoints, it is likely that
the patterns we observed are—to some extent—specific to the
present health-behavior context. For example, we found that—
in the present context—comparisons to one's prior self were a
relatively weak predictor of LBF judgments. However, one pos-
sibility is that participants perceived little change in their own
health-related behaviors over time, leading to a clustering of
responses around the scale midpoint and comparatively low re-
sponse variability. It is possible that comparisons to one's prior
self may be more predictive of LBF judgments in contexts where
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behaviors are less stable. Regardless, the fact that such a wide
range of possible comparison targets has a unique influence
on self-LBF judgments is indicative of the general importance
of comparisons in shaping LBF judgments. Going forward, a
key question is not whether comparison processes are at play,
but which comparison sources are most salient or influential
in a given context. Understanding this could help clarify when
LBF responses will and will not map onto objective behavioral
frequencies.

The present findings also have implications for theories on why
LBF questions are subject to comparison processes. As out-
lined in the introduction of this paper, range-frequency theory
(Parducci 1965) posits that judgments are shaped not only by
the absolute value of the target (in this case, one's own behavior
frequency) but also by its position within a perceived range and
distribution of relevant values. However, the theory is agnostic
regarding where these comparison values come from. Our re-
sults can now speak to this. If LBF judgments are indeed shaped
by a target value's position within a perceived distribution of rel-
evant values, our findings indicate that the values making up
this distribution possibly stem from a broad range of compari-
son sources, including expert recommendations and knowledge
about the behavior frequencies of the average person and close
peers. This finding dovetails with more recent process-level ac-
counts, such as DbS theory (Stewart et al. 2006), which explicitly
propose that reference distributions are constructed in the mo-
ment through cognitive sampling from diverse sources in mem-
ory and the environment.

It remains an open question whether respondents typically in-
tegrate multiple comparative sources into a single mental distri-
bution of relevant values, or whether different individuals rely
on different types of comparison sources when forming their
distributions. Both possibilities are consistent with the current
data, which show that a variety of comparison sources are pre-
dictive of LBF responses across participants. From a DbS per-
spective, it is also plausible that respondents draw a limited,
contextually cued set of comparison information—sometimes
drawn from multiple sources, sometimes dominated by a single
source—depending on which information is most accessible at
the moment of judgment. What the present results make clear
is that the distributions underlying LBF judgments—however
they are constructed—can reflect a wide array of comparison
values, offering one explanation for why such judgments often
diverge from absolute frequency estimates.

7.1 | Gistvs. Verbatim Representations of Relative
Behavior Frequency

A key feature of Study 2 was the inclusion of other-absolute
frequency questions for the different reference groups, which
allowed us to probe whether comparative influences on LBF
judgments are best understood as arising from verbatim pair-
wise comparisons of absolute frequency estimates or from
more gist-like representations of relative behavioral standing.
We did this by comparing the added predictive value of direct-
comparative judgments to that of absolute frequency estimates
for the same reference groups. Direct-comparison judgments
explained more additional variance in LBF responses than did

their corresponding absolute-frequency counterparts, even
when controlling for the shared-method benefits of direct com-
parison measures. This suggests that, when it comes to the in-
fluence of comparisons on LBF judgments, participants were
not performing pairwise comparisons between two frequency
estimates but were instead drawing on more abstract, gist-like
impressions of relative frequency.

The finding that the influence of comparisons on LBF judg-
ments is gist-like in nature is consistent with a DbS framework
(Stewart et al. 2006), which proposes that judgments are con-
structed by sampling comparison values and determining the
target's rank among them. DbS assumes ordinal comparisons
drive evaluation, making judgments sensitive to relative posi-
tion rather than precise magnitude. We do not need to assume
that these ordinal comparisons occur only at the moment of
judgment. People have repeated opportunities over time to no-
tice how their own behavior compares to that of others as well
as to norms suggested by experts. From these many pairwise
comparisons, a gist representation of relative standing can grad-
ually form and be updated. When asked for an LBF judgment, a
person's response may reflect this accumulated gist rather than
an on the spot comparison of absolute frequency estimates. This
rank-based process provides a natural explanation for why LBF
judgments appear to rely on abstract impressions of behavioral
standing rather than precise numeric differences.

Broadly speaking, this conclusion also aligns with the concep-
tual framework proposed by fuzzy-trace theory (e.g., Brainerd
and Reyna 2002, 2004; Reyna and Brainerd 1995), which pro-
poses that individuals encode both verbatim (precise and quan-
titative) and gist (categorical and qualitative) representations of
information but tend to rely more heavily on gist when mak-
ing judgments—particularly in contexts that are ambiguous,
low stakes, or effortful to quantify. In the present case, the
tendency for direct comparisons to outperform other-absolute-
frequency estimates suggests that people may not engage in
verbatim numerical comparisons when responding to LBF
questions. Instead, they may rely on intuitive gist-based assess-
ments of their relative standing, informed by accessible and
meaningful categories (e.g., “more than most,” “about average,”
“less than recommended”). This process may reflect a broader
cognitive strategy, whereby individuals integrate diverse in-
puts—memories, social context, normative beliefs/expert rec-
ommendations—into a coherent, gist-based summary judgment
about comparative standing, bypassing the need for detailed nu-
merical comparisons.

7.2 | Ruling Out a Shared-Method Explanation
for the Predictiveness of Direct Comparisons

Another goal of ours was to disentangle the conceptual im-
pact of direct comparisons from any methodological advan-
tages they may have in predicting LBF judgments, due to
their shared response format with self-LBF judgments. To
explore this, we examined whether comparisons to a concep-
tually irrelevant standard—the average European—also pre-
dicted self-reported frequency judgments. If so, that would
indicate that methodological similarities between LBF ques-
tions and direct comparison measures are contributing to the
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association between LBF judgments and direct comparisons.
Somewhat surprisingly, in Study 1 (but not Study 2), compar-
isons to the average European did account for unique vari-
ance beyond what was explained by self-absolute estimates,
suggesting that surface-level methodological features (e.g.,
response format or question framing) may contribute to the
predictive strength of comparison measures. However, ad-
ditional analyses controlling for the shared-method advan-
tage showed that conceptually meaningful comparisons—to
the average person, local peers, expert benchmarks, and the
prior self—continued to account for unique variance in self-
LBF judgments beyond both absolute frequency estimates and
shared-method benefits. This indicates that the predictiveness
of direct comparisons cannot be fully explained by shared
methodological features. Moreover, although the comparison
to the average European also explained unique variance, the
relative effect size differed substantially across comparison
targets. In particular, global and expert comparisons produced
larger and more consistent effects than did comparisons to the
prior self or the distant other. If the incremental predictive
power of the comparison measures were driven primarily by
increased reliability from asking similar questions repeatedly,
a more uniform pattern of contributions across comparison
targets would be expected. Instead, the observed heterogene-
ity in effect sizes suggests that these measures capture mean-
ingful, content-specific information over and above shared
methodological features. As such, these results confirm that
comparisons play a meaningful psychological role in shaping
how people respond to LBF questions.

7.3 | Implications for Survey Research
and Psychological Measurement

From an applied perspective, our findings carry important
implications for the use of LBF items in psychological and
behavioral research. LBF questions are widely used in ac-
ademic and applied contexts both as practical indicators of
how often people engage in behaviors and as measures of self-
perceived behavioral frequency (e.g., Likert 1932; Schwarz
and Oyserman 2001; Tourangeau et al. 2000; see Jebb
et al. 2021, for review). Although their ease of administration
and cognitive simplicity are clear advantages (Al Baghal 2014;
Bradburn and Miles 1979; Burton and Blair 1991; Tourangeau
et al. 2000), our findings confirm that these measures are not
simple translations of internal frequency estimates. In fact, we
found that self-absolute frequency estimates explained only
around half of the variance in LBF judgments, which aligns
with other work showing that LBF judgments do not consis-
tently or directly map onto objective numerical estimates (e.g.,
Budescu and Wallsten 1985; Conrad et al. 1998; Schwarz 1999;
Wright et al. 1994; Woltz et al. 2012).

One reason for these inconsistencies is that people do not inter-
pret vague frequency scales in isolation—they interpret them
through the lens of social and normative comparisons. Prior
work has shown that making specific reference groups salient—
through framing, wording changes, or contextual cues—can
shift how vague quantifiers are interpreted (Wianke 2002),
and that such interpretations can also vary systematically
across demographic groups (Robert Pace and Friedlander 1982;

Schaeffer 1991). However, a novelty of the present work is that
it demonstrates that people draw on a wide array of comparison
standards—including population norms, expert recommenda-
tions, peers, and past selves—even when responding to standard
LBF questions that provide no explicit reference group or con-
textual framing. This suggests that comparison-based reason-
ing is a default feature of how people interpret vague frequency
questions, not just a product of experimental manipulations.
Moreover, it highlights the need for caution when interpret-
ing LBF data as direct reports of internal behavioral frequency
estimates.

With that said, the interpretive flexibility of LBF questions is not
inherently problematic, and the tendency for LBF questions to
prompt comparison-based reasoning may have important impli-
cations for their predictive utility. In the domain of health psy-
chology, studies comparing the effectiveness of absolute versus
comparative risk perception measures have found that compar-
ative judgments—those in which individuals evaluate their own
risk relative to others—can be at least as predictive of behavioral
intentions as absolute risk estimates, and in some cases more
strongly associated with behavioral intentions (e.g., Klein 2002;
Miller et al. 2020; Portnoy et al. 2014; Renner and Reuter 2012;
Rose 2010; but see Hay et al. 2016; Janssen et al. 2011). Given
that LBF questions inherently promote such comparisons, their
relative framing may not merely introduce response variability
but may actually enhance their predictive power above and be-
yond absolute numeric frequency questions in certain contexts.

Finally, all measurement formats carry characteristic biases:
Likert-type scales can show central-tendency and category-
boundary effects (Douven 2018), numeric frequency reports
can exhibit rounding and magnitude-related distortions (Honda
et al. 2022), and visual analog scales can be shaped by their per-
ceptual and interface design (Matejka et al. 2016). Thus, rather
than any single format providing bias-free measurement, each
introduces its own constraints, making it essential to select the
response format that best matches one's analytic aims. As such,
researchers should consider the goals of measurement when
choosing between LBF and other formats. When the goal is to
obtain precise or objective measures of behavior frequency—
such as for modeling behavioral patterns, making behavioral
assessments, or establishing population baselines—asking par-
ticipants to recall recent instances of a behavior from memory
rather than eliciting behavioral frequency along vague quanti-
fier scales can yield greater accuracy and comparability (e.g.,
Petersen et al. 2025). Conversely, when the goal is to predict
future behavior or capture perceptions of behavior frequency—
especially in contexts where social or other comparisons sa-
lient—LBF judgments may be more informative.

7.4 | Limitations and Future Directions

While the present studies offer a comprehensive examination of
the cognitive processes underlying LBF judgments, several lim-
itations warrant consideration. First, the behavioral domains
we examined were all health-related, which may constrain
the generalizability of our findings to other types of behaviors
(e.g., moral, occupational, or leisure behaviors). Second, al-
though our use of the “distant other” (i.e., typical Europeans)
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as an irrelevant comparison standard provided a useful control
for shared-method variance between predictors and the LBF
outcome, it may not have been entirely construct-irrelevant
in the way we intended. Specifically, participants who lacked
a clear sense of how often Europeans engage in the target be-
haviors may have substituted more familiar standards—such
as local or global norms—when answering the distant other
comparison questions (Kahneman and Frederick 2002). If so,
this would have inflated the predictive power of the distant-
other judgments and made them a more conservative control
than intended. Importantly, however, even with a potentially
overconservative control method, our key relevant comparison
predictors still explained substantial additional variance in LBF
judgments, reinforcing the conclusion that direct comparisons
play a psychologically meaningful role in how people interpret
and respond to LBF questions.

Although our analyses focused on group-level patterns, it is also
likely that individual respondents differ in the reference groups
they rely on when interpreting vague quantifier labels in LBF
questions. That is, rather than applying a uniform standard, re-
spondents may draw upon different combinations of compari-
son targets, depending on personal relevance, accessibility, or
interpretation of the LBF item. Future research could explore
these individual-level differences more directly, for example, by
modeling person-specific reliance on reference groups or exam-
ining how trait-level variables (e.g., social comparison orienta-
tion) moderate the influence of different standards. Such work
could help clarify the extent to which the observed effects are
driven by consistent use of particular standards versus heteroge-
neous strategies across individuals.

While the present work is novel in that it highlights how LBF
judgments are shaped by a variety of comparisons that appear
gist-based in nature, more work is still needed to examine the
exact structure, stability, and causal influence of gist represen-
tations when it comes to impressions of behavioral frequency.
For example, an important open question is whether gist repre-
sentations perhaps also exert an influence on how people gen-
erate responses to self-absolute frequency measures. Moreover,
prior work suggests that gist representations tend to be more
stable and enduring than verbatim representations (Brainerd
and Reyna 1990; Reyna et al. 2016), which raises the possibil-
ity that LBF judgments and absolute frequency estimates about
the same behavior may follow different trajectories over time.
Disentangling these dynamics could clarify when people are
likely to revise their beliefs about their own behavior versus
maintain stable, qualitative impressions (perhaps despite con-
tradictory evidence).

Finally, an important question that cannot be fully addressed
by the present studies concerns the psychological mechanisms
through which comparison information shapes LBF judgments.
The present results establish that multiple comparison stan-
dards reliably influence LBF responses in a gist-consistent man-
ner, but it remains open whether comparisons shape perceived
behavioral frequency itself or, alternatively, shift how respon-
dents interpret and apply the verbal response scale (e.g., what
qualifies as “often” or “a lot”). Both processes predict similar
empirical patterns but carry different implications for the cog-
nitive meaning of LBF judgments.

7.5 | Conclusion

By demonstrating that Likert-type behavioral frequency judg-
ments are shaped by a range of comparison standards—and that
these influences likely operate through gist-based rather than
verbatim comparison processes—the present studies highlight
the cognitive complexity underlying what may appear to be sim-
ple survey items. They also underscore the need to consider their
comparative and interpretive nature—especially when behav-
ioral frequency carries social, normative, or evaluative meaning.
As researchers continue to use Likert-type scales, recognizing
their cognitive underpinnings will be essential for valid and in-
terpretable measurement.

Author Contributions

J.E.M and P.D.W: conceptualization and methodology. J.E.M and
P.D.W: data collection and curation. J.D.S, J.E.M, I.T.P, and P.D.W:
formal analysis. J.D.S: writing - original draft. J.D.S, J.E.M, LT.P,
and P.D.W: writing - reviewing and editing. P.D.W: supervision.

Funding

This work was supported by the National Science Foundation (SES-
1851738) and Eunice Kennedy Shriver National Institute of Child
Health and Human Development (HD098235).

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

All data, materials, and code are available at: https://osf.io/c8abu.

Endnotes

We note that this counterbalancing condition contained an error
in the survey design, which caused our three demographics ques-
tions (age, gender, and race)—which were meant to appear at the
end of the survey—to appear as a block mixed in with the five
blocks of direct comparison items. For example, some participants
would have answered the expert direct comparison items for each
behavior, then the three demographic questions, and then the
four other blocks of direct comparison items. We did not observe
significant differences between counterbalancing conditions, so
it is unlikely that this error had a notable impact on participants'’
responses.

2 Although we log transformed all count variables in Studies 1 and 2 to
account for positive skew, the conclusions of our main analyses remain
largely the same when count variables are not transformed.

3General model specification:  Self-LBF
Effects + (11 participant) + (1| behavior).

Judgments ~ Fixed

4“We note that responses to the previous-self comparison measure
(SD=1.32) were less variable relative to other comparison items
(SDs=1.58-1.67), with many participants selecting the midpoint of the
scale. This restricted range may have somewhat attenuated its predic-
tive associations with LBF judgments.

5We note that the predictive power of the direct comparison with the
average-European question seems to go beyond shared method vari-
ance, which potentially makes this a more conservative test of the ex-
tent to which each conceptually relevant comparison has predictive
value beyond methodological similarity. Nonetheless, we report on the
planned analyses.
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Consider, for example, a participant who estimates that the average
person performs a behavior at a relatively high rate (higher than their
own rate). If that person makes a pairwise comparison to formulate
their self-LBF judgment, they should give a relatively low self-LBF
judgment.
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solute frequency estimates in Study 2. Table S2: Analyses examining
the added predictive power of each conceptually relevant comparison
measure above absolute frequency estimates and distant social group
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Section A: Details on Models Testing Added Predictive Power of Direct Comparisons in Study 2
Table S1 contains the full results of the analyses examining the added predictive power of each

direct comparison measure above absolute frequency estimates in Study 2.
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Table S1. Analyses examining the added predictive power of each direct comparison measure above absolute frequency estimates in

Study 2.
95% Cl for Model Comparison Results
Lower- Upper- Marginal AMarginal
Model Predictors B SEPB df t p bound bound R? R? Sig. X2
Self-
Base Absolute 0.75 0.02 1570.43 45.59 <.001 0.717 0.782 0.541 - -
Frequency
Base + Self-
Expert Absolute 0.56 0.02 1571.52 28.07 <.001 0.52 0.60 0.579 0.038 <.001
Comparison  Frequency
Expert 028 002 1560.62 1436 <001 024 031
Comparison
Base + Self-
Global Absolute 0.51 0.02 1572.24 24.62 <.001 0.46 0.55 0.618 0.077 <.001
Comparison  Frequency
Global 033 002 1569.94 17.26 <001 030  0.37
Comparison
Base + Self-
Local Absolute 0.60 0.02 1572.24 32.13 <.001 0.56 0.64 0.592 0.051 <.001
Comparison  Frequency
Local 025 002 1569.31 1450 <001 022  0.28
Comparison
Base + Self-
Distant Absolute 0.61 0.02 1572.82 31.26 <.001 0.57 0.65 0.592 0.051 <.001
Comparison  Frequency
Distant 023 002 157237 1201 <001 0.19 0.6
Comparison
rovos S
Self Absolute 0.72 0.02 1571.64 42.27 <.001 0.69 0.75 0.549 0.008 <.001
Comparison Frequency
Previous
Self 0.09 0.02 1569.87 5.65 <.001 0.06 0.12
Comparison

Note. Standardized predictors. 95% confidence intervals based on profile-likelihood estimation.
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Section B: Details on Models Assessing the Role of Methodological Similarities in Study 2
Table S2 contains the full results of the analyses examining the extent to which the four relevant
direct comparison types explain variance in self-LBF judgments beyond self-absolute frequency estimates

and distant social group (i.e., non-relevant) comparisons in Study 2.
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Table S2. Analyses examining the added predictive power of each conceptually relevant comparison measure above absolute
frequency estimates and distant social group comparisons in Study 2.

95% Cl for 8 Comparison to Base Model

Lower- Upper- Marginal AMarginal

Model Predictors B SEB df t p bound bound R? R? Sig. X2

Self-
Base Absolute 0.61 0.02 1572.82 31.26 <.001 0.57 0.65 0.592 - -

Frequency

Distant —,53 902 157237 1201 <001 019 026

Comparison
Base + Self-
Global Absolute 0.49 0.02 1570.49 23.39 <.001 0.45 0.53 0.626 0.035 <.001
Comparison  Frequency

Distant 008 002 156593 402 <001 004  0.13

Comparison

Global 027 002 156658 1259 <001 024 033

Comparison
Base + Self-
Local Absolute 0.55 0.02 1571.73 27.59 <.001 0.51 0.59 0.612 0.021 <.001
Comparison Frequency

Distant 014 002 157045 675 <001 010  0.18

Comparison

Local 020 002 156742 1039 <001 0.16  0.23

Comparison
Base + Self-
Expert Absolute 0.52 0.02 1571.12 25.26 <.001 0.48 0.57 0.602 0.010 <.001
Comparison  Frequency

Distant 013 002 157190 649 <001 009  0.17

Comparison

Expert 021 002 156017 1003 <001 0.17  0.26

Comparison
ovous 5
Self Absolute 0.60 0.02 1571.02 30.26 <.001 0.56 0.63 0.596 0.004 <.001
Comparison Frequency

Distant 021 002 1571.67 1138 <001 0.18 0.5

Comparison

Previous

Self 0.06 0.01 1569.09 4.26 <.001 0.03 0.09

Comparison

Note. Standardized predictors. 95% confidence intervals based on profile-likelihood estimation.
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