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How Red Is a Ladybeetle? Examining People’s Notions of Biological Variability
Pablo León-Villagrá1 Olympia Mathiaparanam2 Karl Rosengren2 Daphna Buchsbaum1

1Brown University, USA 2University of Rochester, USA

Abstract

People often display essentialist biases, which can lead them
to underestimate within-species variability. This bias is espe-
cially pronounced when traits are described as advantageous
for survival. However, it is unclear whether this bias is limited
to the specified trait or encompasses complex trait interactions.
We used Markov Chain Monte Carlo with People (MCMCp)
to analyze people’s representations of biological variability,
using ladybeetles as a model species. Participants either re-
ceived contextual information about the benefits of ladybeetle
color for survival, or survival-irrelevant information. Overall,
participants held consistent beliefs about ladybeetle features,
but those with survival-relevant context produced lighter and
larger ladybeetles; this difference was consistent with survey
responses. However, we found no significant interaction be-
tween MCMCp variability and essentialism scores, given our
context manipulation. We discuss potential explanations for
these results and highlight advantages of MCMCp for assess-
ing biological variability, particularly when studying the devel-
opment of essentialist biases.
Keywords: Biological reasoning; biological variability; cate-
gories; psychological essentialism; MCMCp

Introduction
People are biased to assume that groups, such as biological
species, are more uniform in their features than group mem-
bers are in reality(S. A. Gelman & Rhodes, 2012). This es-
sentialist bias poses challenges to people’s ability to represent
and understand variability among group members (biological
variability, the diversity among members of the same biolog-
ical species) and impacts how people reason about biologi-
cal concepts that rely on an understanding of variability, in-
cluding evolution (Emmons & Kelemen, 2015; Shtulman &
Schulz, 2008). Here, we investigate the connection between
adults’ essentialist biases and their reasoning about the extent
and dimensions of biological variability within species. Addi-
tionally, we explore the influence of context (i.e., information
about a trait’s function) on this relationship.

Psychological essentialism is a cognitive bias that leads
people to assume a shared, unchangeable essence underly-
ing group membership (S. A. Gelman, 2003). As a result,
people perceive biological groups, such as animal species, as
more homogeneous than they are in reality (S. A. Gelman &
Rhodes, 2012). Consequently, essentialist reasoning tends to
diminish people’s acceptance of naturally occurring variabil-
ity within species. However, Emmons and Kelemen (2015)
demonstrated that essentialist biases are influenced by learn-
ing and development. When students learn about a trait’s ad-

vantage for species survival, they endorse less within-species
variability. This is likely because students reason that traits
serve to fulfill a species’s survival needs, and so they expect
all members to have these beneficial traits.

The effect of knowledge on essentialist biases is important
since learning about biological variability plays a crucial role
in understanding biology, serving as a foundation for more
advanced topics (AAAS, 2011). Recognized as a threshold
concept, mastering biological variability is central for learn-
ing more advanced biological processes like natural selection
(Walck-Shannon, Batzli, Pultorak, & Boehmer, 2019).

While previous research suggests that students’ essential-
ist biases are more flexible than previously thought (e.g., be-
ing influenced by factors like species familiarity, Emmons &
Kelemen, 2015), it remains unclear whether these biases need
to be primed in order for them to emerge in student reasoning,
and if they are limited to specific primed traits or extend to in-
teractions between multiple related traits. Extending knowl-
edge from particular traits to others (e.g., inferring a corre-
lation between the ladybeetle’s body color and its number of
spots) could be rational, given that contiguous genes often co-
vary, resulting in covarying phenotypes (Morgan, 1911). We
explore this question, hypothesizing that essentialist biases
will be primed by contextual information that emphasizes the
advantage of a specific trait for species survival. This bias can
go beyond the single trait highlighted, leading to a reduction
in the accepted variability not only for that specific trait but
also for other related traits.

Building on Emmons and Kelemen (2015) we investigate
whether notions of variability encompass complex interac-
tions among traits and their impact on a species’ survival. For
instance, when students learn that a ladybeetle’s survival re-
lies on signaling toxicity through a distinctive red body color
to evade predation, this may lead students to believe that all
ladybeetles must share the exact same color. We examine if
students, influenced by this bias, produce these expectations
for other features related to signaling toxicity (e.g., number
of spots) or other traits broadly related to survival (e.g., size).

To test these complex trait interactions, we use a method
inspired by statistical methods, Markov Chain Monte Carlo
with People (MCMCp). This experimental paradigm, in-
troduced by Sanborn, Griffiths, and Shiffrin (2010), infers
how representative individual category members are to a per-
son (their probability of belonging to a particular category).
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MCMCp is based on the statistical method Markov-Chain
Monte Carlo (MCMC; for a more technical description of
MCMC, see, e.g., MacKay, 2003). In MCMC, and thus
MCMCp, a distribution can be approximated by constructing
a chain of samples from the distribution from a simple re-
peated forced-choice (for methodological arguments for the
psychological validity of MCMCp, see Sanborn et al., 2010).
In each choice, the previous state is compared against a novel,
proposed state. If the proposed state is accepted, it becomes
the new current state; if it is rejected, the previous state is
carried forward. In MCMC, the proposed state is accepted or
rejected according to its likelihood. In MCMCp, this decision
is made by the participant. Since the decisions in MCMC
and MCMCp are biased towards more likely, or better, states,
over time, MCMC and MCMCp move closer to representative
states for the category. Moreover, once MCMC and MCMCp
are close to these representative states, the algorithm will con-
tinue to explore, producing states proportional to their likeli-
hood, or representativeness, of the category.

As a method to elicit students’ beliefs of biological vari-
ability, MCMCp has multiple potential advantages. First,
MCMCp produces a larger number of judgments, is simpler,
and is more flexible than previous probabilistic elicitation
methods (for example, Menendez, Rosengren, & Alibali,
2022). Furthermore, previous studies were limited in the
range of individual category members for which they could
obtain membership ratings since all to-be-tested materials had
to be specified by the experimenters, and each item had to be
rated by each participant (often multiple times to ensure con-
sistent judgments). Instead, MCMCp adaptively explores a
space of potential materials. This flexibility also allows us to
explore more naturalistic (or complex) materials.

Motivation

The present study examined students’ reasoning about the
biological variability of ladybeetles through the MCMCp
method. Ladybeetles offer a convenient model as they dis-
play readily observable within-species variability. Addition-
ally, while many are familiar with ladybeetles, more specific
details about their biological properties (e.g., metamorphos-
ing) are not widely known. Building on previous findings
(Emmons & Kelemen, 2015), we predicted that presenting
traits as advantageous for a species’ survival would reduce
the variability that students are willing to accept both for the
specified trait as well as for other related traits. Moreover, we
assessed the student’s knowledge of biology and the strength
of their pre-existing essentialist biases in a survey that in-
cluded established essentialism measures.

We predicted that individuals with a stronger essentialist
bias (indicated by lower survey scores) would correspond-
ingly demonstrate less trait variability in the species examples
they generate with MCMCp. In contrast, we predicted that
participants with higher biological knowledge would produce
more trait variability.

Experiment
Participants
Participants (N = 58) were recruited from the participant pool
of a private North American university for course credit and
were randomly assigned to one of two experiment condi-
tions (42 female, 13 male, and 3 non-binary, Mage = 19.93,
SDage = 1.04, 20 identified as Asian, 20 as White, 5 as His-
panic or Latino, 3 as Black, and 10 identified as multi-racial).
Participants took approximately 20 minutes to complete each
block (Median survey = 19.11 minutes, median MCMCp =
21.95 minutes).

According to our preregistration1, participants were ex-
cluded if they did not complete the total number of MCMCp
trials (n = 9), selected one or more lures in the attention-
checks (n = 1), or exhibited a single-side bias in the MCMCp
trials (n = 6) or a consistent alternating pattern (n = 4)2. The
total number of exclusions was 17 since participants were of-
ten excluded on multiple criteria. We dropped the last extra
participant to accomplish the preregistered group size of 20
participants in each group.

Materials
MCMCp items: The experiment was conducted using a
custom web application on a tablet. The stimuli were vari-
ations of a stylized, colored drawing of a ladybeetle. These
drawings were programmatically altered by scaling the width
(width), height (height), or changing spot patterns (spots), or
body color (hue, chroma, lightness), see Figure 1.
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Figure 1: Stimuli were ladybeetle drawings that could be var-
ied by manipulating six parameters. Width and height pa-
rameters scaled the beetle, changing its size and body shape.
The spots parameter altered the spot pattern, displaying a
mirrored number of spots on each side of the beetle’s body.
The beetle’s body color was manipulated by changing hue,
chroma, and lightness.

We chose to represent color in CIELCh space, given that
it is close to perceptual uniformity. Parameters spanned 40 %

1https://osf.io/acht4
2Determined by generating bootstrapped distributions from the

population and comparing each participants’ frequency of one-sided
or alternating choices against this distribution. We exclude partici-
pants that produced values with p < .01.
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to 100 % for width and height, 0 to 6 spots, 0◦ to 360◦ hue, 0
to 180 chroma, and 0 % to 100 % lightness.

To allow participants to assess the width and height of the
ladybeetle, a reference image of a pencil was shown in all
MCMCp trials; see Figure 2.

Pick the ladybug! Pick the ladybug!

a
b a

c

Iteration 1 Iteration 2 Iteration 2

current state current state
proposed

new proposed

Figure 2: Illustration of the MCMCp procedure. In each iter-
ation, participants selected between two ladybeetle drawings.
These drawings correspond to the previous choice and a pro-
posed update (a, b; a, c). Once participants selected an option
(a), it was carried forward to the next iteration and a new pro-
posed update was generated (c).

Survey items: The survey assessed participants’ biology
knowledge and familiarity with ladybeetles. We also de-
signed a set of 6 items to gauge participants’ essentialist rea-
soning. We created four questions inspired by Emmons and
Kelemen (2015), which we will refer to as Speciesvar items.
These items presented participants with one homogenous and
one heterogenous set of four organisms. Participants were
tasked with selecting the set they believed best represented
the species shown (ladybeetle, blue weevil, monarch but-
terfly, blue morpho butterfly). We also included two items
similar to the essentialism questions in Shtulman and Schulz
(2008), which we call Evolutionvar. Each item introduced a
species (ladybeetle, grasshopper) and a crucial trait for its sur-
vival (e.g., a green body color aiding a grasshopper’s camou-
flage). Subsequently, we presented an environmental pressure
(e.g., drought leading to resilient, yellow grass dominating
the once greener grasshopper habitat) or the absence of such
pressure and examined participants’ reasoning about how the
species might change.

Procedure
The experiment consisted of two blocks: a MCMCp block
(completed on an Amazon Fire 7 tablet with a 7” display) and
a subsequent survey (completed on a provided 13” 2020 Mac-
Book Pro). For a short demonstration of the MCMCp exper-
iment, see http://tinyurl.com/mcmc-p. Before complet-
ing the experimental blocks, participants read a cover story
about ladybeetles. The content of this story varied based on
the conditions to which participants were randomly assigned.

In the color condition, participants learned about how lady-
beetles utilize body color to signal their toxicity to predators,
thereby avoiding predation. In the control condition, partici-
pants learned about another beneficial feature of ladybeetles
(i.e., antennae) that was not varied in the MCMCp activity.

MCMCp block: Participants first completed 600 iterations
of the MCMCp procedure. In each iteration, participants had
to select the better of two options—two ladybeetles that were
presented equidistant from the center of the screen. After
each choice, the beetles were hidden, and the procedure con-
tinued after a short pause of one second. Following previous
MCMCp experiments, we split the total of 600 iterations into
three chains of 200 and interleaved the presentation of each
chain (e.g., Sanborn et al., 2010). Therefore, participants
were presented with a sequence of choices: chain1, chain2,
chain3, chain1, . . .. Within each chain, on each trial, the two
choice options always corresponded to the participants’ pre-
vious choice in that chain, and the other option was a pro-
posed update, with presentation sides randomized. Interleav-
ing multiple chains has the advantage of making it less obvi-
ous to participants that their previous choices carried forward,
as well as allowing for a more robust assessment of the statis-
tical properties of the resulting MCMCp data. Each of these
chains was initialized at random for each participant, with pa-
rameters sampled uniformly from the parameter ranges (e.g.,
any possible color, shape, or number of spots). Afterward, the
participants’ choices were carried forward, and new options
were generated by adding Gaussian distributed noise to each
parameter apart from spots. This Gaussian was centered at
zero with a variance σ2, equal to 7 % of the parameter range,
as in Sanborn et al. (2010). Since spots was a discrete vari-
able, we sampled updates from [-2, 1, 1, 2], with probabilities
of 1/10, 4/10, 4/10, and 1/10.

To increase the speed at which participants moved away
from the random starting points, the first 70 iterations in each
chain used two additional proposal functions that allowed for
larger updates. One proposal function generated updates by
sampling ladybeetle parameters uniformly in the parameter
range. The second proposal function generated color param-
eters uniformly and updated the remaining parameters using
the Gaussian proposals. In each step, one of the three pro-
posal functions was sampled with equal probability, and the
proposed ladybeetle was generated. These iterations are com-
monly regarded as burn-in and were discarded from the main
analysis.

As in previous MCMCp experiments, proposals outside the
admissible parameter ranges were automatically rejected and
not shown to participants. In these cases, we recorded the
current state and the out-of-bounds proposal and counted it as
an automatic rejection. Then, a new proposal was generated
until the parameters were within the admissible range. These
automatic rejections did not count towards the total of 600
trials that each participant completed.

Finally, four attention trials were used to check that partici-
pants were attentive. In these trials, a stereotypical ladybeetle
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(from pilot experiments) and a color image of a paper kite
butterfly were presented following the same procedure and
presentation as the experiment trials. These trials were pre-
sented at random points during the experiment and did not
contribute to the total number of trials. To help maintain par-
ticipant motivation, we displayed a progress bar under the two
ladybeetle options throughout the experiment.

Survey
Following the completion of the MCMCp block, partici-
pants completed an online Qualtrics survey. The survey cov-
ered basic demographics, biology knowledge, and familiarity
with ladybeetles. Participants were then asked to briefly de-
scribe their strategy for selecting ladybeetles in the preceding
MCMCp activity. Participants then completed our essentialist
reasoning questions. The survey structure ensured that partic-
ipants always completed the Speciesvar items first, followed
by the Evolutionvar items. Within each set of essentialism
items, the question order was randomized.

Results
Before examining the distributions produced by MCMCp, it is
important to assess if the procedure has successfully moved
from the random starting points toward the participants’ in-
tended category, as well as how effective MCMCp was at ex-
ploring the range of plausible category members. Following
standard MCMC procedures in applied statistics, we report
these as MCMCp convergence statistics.

Convergence Statistics
One measure of the efficacy of MCMCp is the number of
times a proposed update is accepted. Low acceptance val-
ues can suggest that the method was ineffective at exploring
the distribution since the current state is rarely updated. In
contrast, high acceptance rates can indicate that proposals are
too wide, potentially reducing the ability to explore small lo-
cal variations of the category.

In our experiment, proposals could be accepted by the
participant or automatically (if the parameters were out of
bounds). Since participant acceptances highlight the effi-
cacy of an experimental method, and overall acceptances
characterize the effectiveness of the MCMC algorithm, we
report both. Overall acceptances (Macc = 10%, SDacc =
6%) were lower than the 20 % to 40 % suggested in the
statistical MCMC literature (A. Gelman, Gilks, & Roberts,
1997), but comparable to previous MCMCp experiments. Ac-
ceptance rates excluding automatic rejections were higher
(Macc = 15%, SDacc = 9%). Overall acceptances and partici-
pant acceptances did not differ significantly across conditions
(Uall = 180.0, p = .59, Uparticipant = 175.0, p = .51)3.

A second important measure to determine the effectiveness
of MCMC and MCMCp is R̂ (Brooks & Gelman, 1998). In-
tuitively, R̂ captures how consistent individual MCMC chains

3We report nonparametric two-sided Mann-Whitney tests across
this analysis. Two-sided t-tests produced very similar results.

evolve over time, compared to how consistent MCMC chains
evolve across MCMC chains. Ideally, this ratio is very sim-
ilar, resulting in values of R̂ close to 1.0, while considerably
larger values can indicate that the individual chains evolve
very differently. Unsurprisingly, human R̂ values were higher
than the theoretical ideal of MCMC runs (M = 1.8,SD =
.89). However, while the average R̂ was high, most partici-
pants had significantly lower values (Median R̂ = 1.58,min =
1.02,max = 8.28). Furthermore, these values were compa-
rable to previous MCMCp experiments (León-Villagrá, Ot-
subo, Lucas, & Buchsbaum, 2020), and R̂ did not differ sig-
nificantly across conditions (U = 11971.5, p = .32).

Finally, since MCMCp is an iterative procedure, each new
state depends on the previous state, and thus the resulting
samples are not independent. Therefore, the number of sam-
ples obtained by running n iterations of MCMCp is often con-
siderably smaller. To assess the number of independent sam-
ples that MCMCp produced, we report the effective sample
size, ESS (Vehtari, Gelman, Simpson, Carpenter, & Bürkner,
2021). Across conditions and ladybeetle parameters, we
obtained ESS comparable to previous MCMCp experiments
(M = 12.62,SD = 17.54), and ESS did not differ across con-
ditions (U = 11947.5, p = .29).

Since the first MCMCp trials are biased toward the random
starting points (and we used these trials to adopt more explo-
rative proposal functions; see Procedure), we dropped the first
70 trials in each chain, similar to Sanborn et al. (2010). This
fixed burn-in period was established in pilot experiments, as
70 trials were usually sufficient to move the MCMCp chains
away from the initial starting point and towards the region of
values corresponding to the participants’ ladybeetle category.
All subsequent analyses of the MCMCp results were based on
the trials after burn-in.

Students’ Notions of Biological Variability
To evaluate participants’ perceptions of biological variabil-
ity, we examined their performance on essentialist reasoning
questions. For the Speciesvar items, endorsements of the ho-
mogeneous (no variability) set were coded as −1, while en-
dorsements of the heterogeneous (variability) set were coded
as +1. For the Evolutionvar items, we applied their coding
scheme. Responses indicating essentialist reasoning or sug-
gesting no species adaptation to the new environmental con-
ditions were coded as −1. Responses exemplifying a dif-
ferentiated survival style of reasoning were coded as +1.
Two coders independently coded the Evolutionvar item re-
sponses. Their percentage of agreement across 116 responses
was 93.1%. Disagreements were resolved through discus-
sion. For an example of the materials and the coding scheme,
see https://osf.io/m8jrq/.

Participants demonstrated diverse biological variability
reasoning in their responses to the two essentialist item sets.
For the Speciesvar items, we identified participants who con-
sistently endorsed the heterogeneous option (n = 14), as well
as those who consistently favored the homogeneous option
across all four questions (n = 3). The majority of partici-
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pants tended to endorse the heterogeneous option on 3 out of
4 questions (M = 2.00,SD = 2.17).

Similarly, for Evolutionvar items, we observed a range of
responses, with some participants displaying highly essential-
ist reasoning for both items and others aligning more with a
variability perspective (M = 0.37,SD = 1.44). Across both
tasks, participants fell into one of three distinct categories:
those classified as essentialist (scoring −1 on both items;
15%), those endorsing variability strongly (scoring +1 on
both items; 33%), and those in between (scoring either 0 on
both items or a combination of −1 and +1; 25%).

Unsurprisingly, the Evolutionvar items correlated signif-
icantly with participants’ self-reported biology knowledge
(r(38) = .46, p < .001) and the number of biology courses
taken (r(38) = .55, p < .001). However, the Speciesvar
scores did not correlate significantly with biology knowledge,
courses, or the Evolutionvar score.

Ladybeetle Exemplars
Since MCMCp convergence statistics indicated satisfactory
efficiency and sample sizes, we examined collections of
MCMCp acceptances, or posterior distributions, see Figure
3. Because the shape and size of the ladybeetle were impor-
tant perceptually, we discuss width and height parameters as
size = width× height and proportion = height

width in all subse-
quent sections.

Across conditions, we found very consistent parameter dis-
tributions that were in line with our expectations about char-
acteristic ladybeetle features. Both conditions produced uni-
modal hue distributions centered on red, with average spot
numbers, small-to-average sizes, and roughly proportional
shapes. To describe the resulting distributions further, we de-
termined modes and mean absolute deviations (AD) from the
mode by fitting kernel-density estimations4.

This analysis corroborated the description of the posterior
distributions. Both conditions produced ladybeetles with sim-
ilar spot numbers (Mocontrol = 4, ADcontrol = 3.34, Mocolor =
4, ADcontrol = 3.55), hues (Mocontrol = 36.86, ADcontrol =
60.15, Mocolor = 40.08, ADcontrol = 72.22), and body pro-
portions (Mocontrol = 1.15, ADcontrol = 0.21, Mocolor = 0.98,
ADcontrol = 0.3). However, ladybeetles in the color condition
were somewhat larger (Mocontrol = 0.29, ADcontrol = 0.67,
Mocolor = 0.54, ADcontrol = 0.46), less saturated (Mocontrol =
163.44, ADcontrol = 113.46, Mocolor = 147.29, ADcontrol =
118.31), and brighter (Mocontrol = 15.39, ADcontrol = 38.94,
Mocolor = 35.49, ADcontrol = 43.39). Importantly, counter to
our prediction, ADhue was not lower in the color condition.

Consistent with these results, only participants in the color
condition reported that the most important feature for de-
ciding which ladybeetle to select in the MCMCp task was
brightness (n = 3), while all other features were comparable
(spots most important feature: ncolor = 13,ncontrol = 12, the
color most important: ncolor = 15,ncontrol = 19, size ncolor =

4Using von Mieses kernels for hue, and Gaussian kernels for all
other parameters.

1,ncontrol = 2, shape ncolor = 2,ncontrol = 4)5.

MCMCp and Essentialism Scores
To test the relationship between established essentialism
scores and the posterior distributions produced by MCMCp,
we calculated participant-level modes and AD, following the
same kernel-density approach we employed for the over-
all distributions. Irrespective of the experimental condition,
essentialism scores did not correlate with AD, as hypothe-
sized. Only the Evolutionvar scores adapted from Shtulman
and Schulz (2008) significantly correlated with ADhue, al-
beit in the opposite direction that we hypothesized (r(38) =
−0.36, p = .02).

Similarly, our experimental manipulation did not result in
a decrease of ADhue as hypothesized, nor did it decrease
ADlightness, all p > .13.6 This lack of difference in con-
ditions was also apparent in the scores: While participants
in the color condition scored slightly lower on essentialist
bias in the Evolutionvar survey items, this difference was
not significant (Mcolor = .55, SDcolor = 1.32, Mcontrol = .2,
SDcontrol = 1.58, U = 225, p = .49). Moreover, partici-
pants across conditions scored similarly on all other mea-
sures, Speciesvar Mcontrol = 2, SDcontrol = 1.84, Mcolor =
2, SDcolor = 2.51. Across both conditions, participants
judged their biological knowledge similarly above average
(Mcontrol = .85, SDcontrol = 1.46, Mcolor = .85, SDcolor =
1.23, from −3 (far below average) to 3 (far above average)),
and reported that they had attended similar numbers of bi-
ology courses (Mcontrol = 2, SDcontrol = 2.22, Mcolor = 2.6,
SDcolor = 2.5).

Discussion
In this study, we utilized MCMCp to investigate how adults
perceive biological variability, focusing primarily on under-
standing the relationship between the variability measured by
MCMCp and an individual’s essentialist reasoning patterns.

Using MCMCp, we found that across conditions, partic-
ipants had very consistent beliefs about ladybeetle features.
Both conditions agreed on the particular hue, number of
spots, and overall proportion of ladybeetles.

However, overall, participants in the color condition pro-
duced ladybeetles with increased lightness and larger size,
suggesting that other features than hue might have been
inferred to convey an adaptive advantage. Moreover, we
found no indication that participants who received informa-
tion about the adaptive advantage of ladybeetle color pro-
duced less varied hue distributions compared to our control
condition, and neither did established essentialism scores dif-
fer across conditions.

5Participants provided these reasons in an open response form
and could provide several “most important” features. Participants
provided an average of two responses, and the number of re-
sponses did not differ across conditions (Mcolor = 1.85,SDcolor =
.99, Mcontrol = 2.0,SDcontrol = .86, U = 226.5, p = .45

6Testing the model hueAD condition × Speciesvar ×
Evolutionvar ×bioknowledge.
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Figure 3: Posterior distributions over ladybeetle parameters resulting from the MCMCp procedure. Across both conditions,
parameter distributions were remarkably similar, with similar hue distributions, spot numbers, and proportions. Overall, par-
ticipants in the color condition produced slightly higher lightness distributions (modes as dashed lines) and larger ladybeetles.
The resulting representative ladybeetles (see small figures) exhibited a visible increase in lightness and scale.

These findings are inconsistent with prior literature, which
has reported significant relationships between essentialist be-
liefs, context about a trait’s adaptive benefit, and biological
variability reasoning (Emmons & Kelemen, 2015; Shtulman
& Schulz, 2008). These prior studies typically indicate that
essentialist beliefs, along with context, tend to prime essen-
tialist biases and, as a result, minimize accepted biological
variability. It is important to highlight that most previous
literature has examined these factors in younger school-age
children (Emmons & Kelemen, 2015; S. A. Gelman, Ware,
Manczak, & Graham, 2013), although the literature illustrates
these trends are also present in adults (Shtulman & Schulz,
2008).

There are several possible explanations for our findings. In
line with previous experimental designs, our instruction did
not specify which color feature (e.g., hue, chroma, lightness)
was implied to signal toxicity and aid in ladybeetle survival.
Despite participants from both conditions agreeing that la-
dybeetles were typically red (with very similar hue distribu-
tions and modes), unexpectedly, some participants inferred
that lighter red colors (rather than redder colors) indicated
toxicity. If a subset of participants in the color condition in-
ferred a different adaptive mechanism (lightness rather than
hue), this could have weakened any potential essentialist bias
on hue even further. In addition, we chose ladybeetles as a
model species due to their use in prior work and readily no-
ticeable within-species variability. However, previous stud-
ies have suggested that species and trait familiarity may in-
fluence notions of biological variability (Emmons & Kele-
men, 2015). Adults in both conditions were already familiar
with ladybeetle coloring and may have also been aware of
the adaptive benefit of ladybeetle coloring before participat-
ing in our study, given their high biology knowledge and the
number of biology university courses they attended. Thus,
it is possible that providing this information did not change
their context, reducing the effectiveness of our experimental
manipulation. To address this potential confound, in future

studies, we aim to test less familiar animal traits and screen
participants’ knowledge before entering the experiment.

While these issues limit the interpretation of our results,
they illustrate the potential of adopting MCMCp to study no-
tions of biological variability. Previous studies were con-
strained by small sets of simple materials, limiting partici-
pants’ flexibility to express their beliefs. In contrast, adopting
MCMCp revealed some indications that participants differed
in how they interpreted the provided information. Specif-
ically, our MCMCp method successfully disentangled vari-
ations among participants in their understanding of which
color feature (lightness vs hue) conferred a survival advan-
tage for ladybeetles. If future studies corroborate these find-
ings, it suggests that knowledge about a species’ traits and
naive theories of evolutionary survival may lead to limited
acceptance of biological variability. Importantly, our study
suggests that the manifestation of this essentialist bias is more
complex than previously thought.

Our future studies aim to explore this idea in more detail
by examining how people use information about the adapt-
ability of traits for less familiar animals, or when given more
extensive contextual information. It is plausible that adults
may exhibit stronger essentialist biases when presented with
novel information and have less prior knowledge about the
species. Similarly, we are expanding our experiments to in-
clude preschool and primary school children. These exper-
iments could offer insight into how essentialist biases de-
velop over time and how these biases relate to the knowledge
acquired about biological categories, as well as theories of
species’ survival and natural selection.
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León-Villagrá, P., Otsubo, K., Lucas, C., & Buchsbaum, D.
(2020). Uncovering category representations with linked
MCMC with people. In Proceedings of the Annual Meeting
of the Cognitive Science Society (Vol. 42).

MacKay, D. J. (2003). Information theory, Inference and
Learning Algorithms. Cambridge university press.

Menendez, D., Rosengren, K. S., & Alibali, M. W. (2022).
Detailed bugs or bugging details? The influence of per-
ceptual richness across elementary school years. Jour-
nal of Experimental Child Psychology, 213, 105269. doi:
10.1016/j.jecp.2021.105269

Morgan, T. H. (1911). Random segregation versus coupling
in mendelian inheritance. Science, 34(873), 384–384.

Sanborn, A. N., Griffiths, T. L., & Shiffrin, R. M. (2010). Un-
covering mental representations with Markov chain Monte
Carlo. Cognitive Psychology, 60(2), 63–106. doi: 10.1016/
j.cogpsych.2009.07.001

Shtulman, A., & Schulz, L. (2008). The Relation Be-
tween Essentialist Beliefs and Evolutionary Reasoning.
Cognitive Science, 32(6), 1049–1062. doi: 10.1080/
03640210801897864

Vehtari, A., Gelman, A., Simpson, D., Carpenter, B., &
Bürkner, P.-C. (2021). Rank-normalization, folding, and
localization: An improved R for assessing convergence of
MCMC (with discussion). Bayesian Analysis, 16(2), 667–
718.

Walck-Shannon, E., Batzli, J., Pultorak, J., & Boehmer, H.
(2019). Biological Variation as a Threshold Concept: Can
We Measure Threshold Crossing? CBE—Life Sciences Ed-
ucation, 18(3), ar36. doi: 10.1187/cbe.18-12-0241

3355


	Introduction
	Motivation

	Experiment
	Participants
	Materials
	Procedure
	Survey

	Results
	Convergence Statistics
	Students' Notions of Biological Variability
	Ladybeetle Exemplars
	MCMCp and Essentialism Scores

	Discussion
	Acknowledgments
	References



