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WHAT IS A PREFERENCE?

Abstract

What is the computational format of mate preferences? Different researchers hold a range of
assumptions: weights, thresholds, ranges, ideal templates, or combinations thereof. These
varying assumptions have important implications for theory and methods in studying human
mating; however, this inconsistency has scarcely been acknowledged or empirically addressed.
Here, we use two samples of U.S. romantic dyads (ns = 1052, 590), a newly developed mate
preference questionnaire, and a new computational modeling technique, “couple simulation,” to
empirically compare alternative models of the format of ideal romantic partner preferences. We
find evidence that preferences are best understood as representing ideal trait values integrated

into mate value evaluations using distance metrics.
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What is a Mate Preference? Probing the Computational Format of Mate Preferences

Using Couple Simulation

Mate preferences research has been big business in psychology for decades. Central lines
of research in both evolutionary and social psychology have focused on the contents of human
mate preferences (e.g. Hill, 1945), their variation across people and across cultures (e.g. Buss,
1989; Eagly & Wood, 1999), and their role in actual mating behavior (e.g. Kenrick & Keefe,
1992; Kurzban & Weeden, 2007; Todd et al., 2007). But what exactly is a mate preference and
how does it work? Is it a slope that determines the desirability earned by a given amount of some
quality? A threshold that potential mates must exceed? An imagined other to which potential

mates are compared? What kind of thing is a preference in the mind?

One might expect that, given the sustained focus on mate preferences across theorists and
across decades, the answer to this basic question would be clear. However, it is not. Here, we
illustrate that notions and measurements of preferences are quite heterogenous across the mate
preferences literature. This heterogeneity yields ambiguity in what psychologists mean when
they refer to such a thing as a “mate preference.” We attempt to answer the basic question,
“What is a mate preference?” by applying a novel technique, couple simulation (Conroy-Beam et
al., 2019), to compare a wide range of models of mate preferences. In doing so, we are able to
determine empirically the relative plausibility of alternative notions of human mate preferences

and answer fundamental questions about their computational format.

1.1 The Many Origins of ‘Preferences’

Human mate choice is a very broad field of study. Researchers have long observed that

people choose romantic partners non-randomly with respect to several dimensions, including
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physical attraction (Berscheid & Walster, 1974), similarity (Condon & Crano, 1988), familiarity
(Saegert et al., 1973), and others. Documenting the patterns and origins of non-random partner
choice have been core research traditions in social psychology (e.g. Thibault & Kelley, 1959),
behavioral genetics (e.g, Vandenberg, 1972), sociology (e.g, Mare, 1991), anthropology (e.g,
Symons, 1979), and economics (e.g, Greenwood et al., 2014). These disparate fields have

variously labeled their efforts as research into attraction, assortative mating, or homogamy.

Within this broader space of research into human mate choice, a substantial subset has
emerged that studies mate choice while centering the construct of a “mate preference.!” Much of
the modern research on “mate preferences” can trace at least some roots to work in evolutionary
psychology and anthropology in the 1970s and 1980s. These researchers turned to mating
research in evolutionary biology for inspiration in studying human mating. Non-human animals
also mate non-randomly; and while not the only explanation (e.g., see Ryan et al., 1990), mate
preference adaptations have been the most common explanation for observed deviations from
randomness. The core rationale is straightforward: over evolutionary time, not all mate choices
would have the same reproductive consequences. Mutations that caused pursuit of potential
mates who promoted reproduction—and/or avoidance of potential mates who hindered it—
would reproduce themselves more reliably and increase in frequency over time. In this way,
species tend to evolve mate preferences that bias their mate choices in favor of some phenotypes

(or extended phenotypes) over others.

Following this rationale, evolutionary psychologists and anthropologists have proposed

that humans too should possess evolved, species-typical mate preference adaptations that bias

! For scale, a PsychInfo database search for articles including the keywords “romantic partner choice,”
“homogamy,” “assortative,” or “mate choice” yields 6,140 results at the time of writing. A search that includes any
of those keywords and “prefer™” yields 2,530 results, 41.21% of the total.
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mate choices. Research and debate stimulated by this hypothesis has consequently focused
largely on documenting the contents of these preferences (Buss & Barnes, 1986); understanding
variation in these contents as a function of sex (Buss, 1989), context (Kenrick et al., 1990), and
ecology (Eagly & Wood, 1999; Gangestad et al., 2006; Walter et al., 2020); and understanding
the links between preferences and choice behavior (Eastwick & Finkel, 2008; Gerlach et al.,
2019; Joel et al., 2017; Kenrick & Keefe, 1992; Kurzban & Weeden, 2007; Todd et al., 2007).
Notably, this work has been relatively unique within approaches to human mate choice in
centering the mate preference itself as an important unit of analysis rather than, for instance, the

homogamy generated by preferences.

Evolutionary psychologists have furthermore been somewhat unique in emphasizing the
preference as a real feature of the organism as opposed to a useful statistical abstraction merely
derived from patterns of behavior. Evolutionary psychologists have generally conceptualized
mate preferences as being some form of mental object: for example, “preference mechanisms, at
the most general level, may be defined as psychological processes that incline or predispose
organisms to selectively choose or reject stimuli in their environments” (emphasis added; Buss,
1992, p. 253). Similarly: “Preferences are evolved psychological mechanisms that solve survival
and reproductive problems. [...] They operate as desires, attractions, and gut-level emotions that
characteristically impel a person toward some mates and repel a person from others” (emphasis
added; Buss & Schmitt, 1993). In this view, preferences are psychological adaptations (or their
outputs), instantiated in the brain, and built into the mind by selection based on their historical
impact on mating behavior. And while preferences are expected to be flexible, adjusting to some
degree according to context or experience, they are nonetheless conceptualized as enduring

features of the organism designed to guide choice across situations.
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This sense of preference contrasts sharply with other popular senses of the construct. For
example, economists also make heavy use of a concept of “preference;” however, the word
“preference” is used quite differently by economists compared to evolutionary psychologists.
Traditionally, in economics, “preferences” refer to rank orderings of options (e.g., Jehle & Reny,
2010; Samuelson, 1948). That is, an individual can be said to have a preference for A over B if,
given the opportunity, they actually choose (or would have chosen) A over B. This sense of
preference is thus inherently an ordinal relation: one does not have an abstract “preference for

A;” rather, one prefers A to something else.

Notably, this traditional economic notion places preferences outside of the head.
Economic preferences exist essentially as behavioral phenomena: one has a preference for A
over B if one chooses A over B (actually or hypothetically). Though such preferences may be the
product of psychological phenomena such as “tastes” (Jehle & Reny, 2010; Samuelson, 1948),
and whereas economists do attempt to precisely model the functions underlying preferences,
“preferences” themselves in the economic sense are not features contained within an individual’s
psychology. Rather they are the observable outcome of that psychology interacting with a set of
alternatives to yield choice behavior. And although many of the specific assumptions of classical
economic theories of preferences have been challenged (Tversky, 1969), the general notion of
preferences as being rank orderings of options remains and has been historically influential

within some areas of psychology (e.g., Zajonc & Markus, 1982).

These contrasting psychological and behavioral senses of preference offer different
advantages and disadvantages. A chief advantage of the behavioral definition of preferences is its
clarity: the economic sense of preference affords mathematical transparency as to precisely what

a preference is and what it is not (Jehle & Reny, 2010; Samuelson, 1948). However, by placing
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preferences outside the psychology of the organism, the economic definition of preference
renders evolutionary theorizing more challenging. Natural selection cannot create rank orderings
over all conceivable options, both because conceivable sets will be infinitely large and because
each decision an organism encounters is unique: the precise decision situation, and therefore the
rank ordering of options that will be prudent for the organism, has never happened before and
will never happen again. Selection cannot possibly endow organisms with rank orderings over
options for all decision scenarios it may encounter. Instead, what natural selection can create are
decision psychologies that can (1) capture features of the decision situation that map onto
recurrent invariances and (2) process those inputs into choice behaviors according to decision

rules that historically yielded reproductive success (Cosmides & Tooby, 1995).

By emphasizing preferences as being evolved design features of decision psychology,
evolutionary psychologists can more easily leverage the power of evolutionary theorizing to
understand human mating. Evolutionary theory can be used to make predictions about the
computational design of decision psychology; knowledge of this design and the particulars of a
given context can then be used to make predictions about behavior (Cosmides & Tooby, 1995).
However, a notable disadvantage of this psychological approach to preferences has been that
evolutionary psychologists thus far have generally been less specific than their economist
colleagues about exactly what they conceptualize mate preference psychology to be and how
they expect it to work. This relative lack of clarity has left room for great heterogeneity among
psychologists in the ways that they conceptualize preferences and their relationship to mating
behavior. And this heterogeneity has produced confusion over the nature of mating psychology

and mate choice.

1.2 Sketching a More Precise Modeling Framework for Mate Preferences
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To begin resolving the heterogeneity in preference ontologies, it will be helpful to sketch
a framework for modeling the psychology of mate preferences. Doing so makes clear both those
aspects of preference theory on which there is widespread agreement and those aspects on which
theorists tend to diverge. Creating such a framework requires first identifying the decision-

making tasks posed by mate choice.

All sexually reproducing organisms must find mates in order to reproduce. However, for
many reasons, individuals cannot pursue every potential mating opportunity they encounter.
Most fundamental among these reasons is that time and energy are finite, and any amount of
these limited resources dedicated to one mating opportunity must come away from other mating
opportunities. This is particularly true for organisms with relatively steep reproductive and
parenting costs (Clutton-Brock & Parker, 1992; Trivers, 1972), such as our own species, where
mating, reproduction, and parenting are frequently characterized by long-lasting, relatively
exclusive bonds (White et al., 1988), lengthy and energetically expensive gestation (Aiello &
Wells, 2002), and extended and expensive parenting (Kaplan et al., 2000). Sexually reproducing
species therefore experience a fundamental problem of deciding how and to whom they will

dedicate their limited mating resources. This is the origin of mate choice.

Mate choices could, in principle, be arbitrary. But across the long arc of evolutionary
history, the recurrent reproductive consequences of all possible mate choices are unlikely to have
been equal. Some potential mates would inevitably be more successful reproductive partners
than others. This dimension of variation, which has been called “mate value” (Sugiyama, 2005),
is the critical dimension from the perspective of selection. People with psychologies that allowed
them to detect and specially pursue mates high in mate value would, on average, experience

greater reproductive success and would better reproduce whatever genes contributed to the
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development of these psychologies. Iterated over deep time, this would lead to the evolution of
mating psychologies more efficiently designed for the detection and pursuit of high mate value

partners.

However, here emerges a new problem for sexually reproducing organisms: mate value is
invisible. The fitness consequences of pursuing one mate over another are probabilistic future
events that no organism can perceive directly. Instead, the probable consequences of pursuing a
given mate must be inferred from perceivable cues. These percepts could include enduring traits
of the potential mate (e.g., how kind they are), temporary states (e.g., their age), contextual
factors (e.g., local marriage norms), dyadic factors (e.g., whether they offer strengths that are
complementary to the organism’s weaknesses), or other information. Percepts can exist at
multiple levels of organization—for example, some are simply objective and directly perceivable
features of potential mates (e.g., their physical attractiveness), whereas others are inherently
relative (e.g., social status relative to the perceiver). No matter how it is perceived or computed,
though, in order for some dimension of variation to be useful to the organism in comparing
potential mates, it must be accurately and efficiently perceivable to the organism and it must be
reliably correlated with mate value. To the extent that these are recurrently true of some percept
across generations, selection can favor the evolution of mating psychologies that make use of

that percept in mate choice.

A second challenge encountered in mate choice is that mate value is to some degree
multidimensional. Kind mates and intelligent mates would likely make for better reproductive
partners. But the kindest mates in the local mating market are not guaranteed to be the most
intelligent—nor the highest in reproductive value, resources, fecundity, or health. Reliably

pursuing high mate value partners requires not just perceiving potential mates on the individual
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dimensions of mate value, but also somehow integrating information from across dimensions

into some form of overall evaluation that is correlated with true mate value.

To be clear, this evaluation could take on many forms. For instance, a binary sorting of
potential mates (e.g., desirable vs. undesirable), a rank ordering of mates reflecting relative
appeal or prioritization (akin to the economic sense of “preference”), or a real number estimate
of mate value (e.g., the proverbial zero-to-ten desirability scale). In any case, these evaluations
are the outputs of some mate evaluation psychology. This psychology takes perceptions of
potential mates as input. These perceptions are then subjected to some set of functions which
transform the input perceptions into output evaluations. These functions accomplish this
transformation using some set of operations (e.g., arithmetic or logical operations), which
themselves operate according to some set of parameters (e.g., variables that act in operations as
weights, thresholds, exponents, and so on). The output evaluations can then be used to guide

pursuit among alternative potential mates.

It is here, within this evaluation psychology, that we find an evolutionary,
psychologically, and computationally plausible model of what mate preferences are and how
they work (Figure 1). Specifically, we propose that “mate preferences” in the psychological
sense are best understood as being the parameters of the evaluation functions underlying mate
choice. By acting as weights, thresholds, comparisons, or in other roles, these parameters dictate
the shape of evaluation functions across potential mates. That is, the nature of these parameters
determines which regions of perception space—which levels of kindness, intelligence, or age—
are evaluated favorably vs. unfavorably and thereby guide mate choice toward particular
phenotypes. These parameters exist as psychological variables, in the head of the organism rather

than as a feature of behavior per se. As such, they can be subject to the developmental and
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evolutionary processes psychologists propose have shaped them. Genes that promote the
development of more useful parameter values will yield evaluations more strongly correlated
with true mate value and promote more reproductively successful mate choice, increasing their
own representation in future generations and causing the evolution of mate preferences as
described by biologists, anthropologists, and evolutionary psychologists. The precise values of
these parameters could also be calibrated by any number of other psychological mechanisms in
response to individual differences, contextual factors, or experience in accordance with
psychological hypotheses (e.g., Gangestad et al., 2006; Lewis et al., 2017). Modeling mate
preferences as parameters of evaluation functions therefore captures many of the features
evolutionary psychologists have proposed preferences possess while also providing

mathematical transparency as to what preferences are and how they work.
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Figure 1. A diagram of the proposed model of mate preferences. Mate preferences act as
parameters of evaluation functions that help dictate the shape of mate value estimate curves as a
function of input perceptions. Preferences are generated by some number of unspecified
preference generating mechanisms and then interact with mate perceptions and mate evaluation
functions to yield mate value estimates. The role that preferences play in evaluation functions
(e.g., weights, thresholds, or comparisons) dictates the nature of the resulting mate value

estimates.

1.2.1. The Nature of Mate Preferences and Mate Evaluation
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In light of this model of mate preferences as parameters of mate evaluation functions, two
key questions for mate preference researchers become: what is the nature of human mate
evaluation functions and what is the nature of the preference parameters within those functions?
A review of the mate preference literature with these questions in mind reveals that although
researchers appear superficially united in a topic of study, there are manifold assumptions
concerning the nature of mate preferences and mate evaluation and few empirical tests among

these implicit hypotheses.

Perhaps the most common assumption about the nature of mate value and mate
preferences is that mate evaluation functions are linear combinations or weighted sums (Miller &
Todd, 1998). Under these models, the more of some desirable feature a potential mate possesses,
the higher in mate value they are estimated to be. Preferences act to weight the relative
contributions of different dimensions to mate value: preferences are multiplied by trait values,
similarly to regression slopes, such that the more preferred a quality is, the more that quality

contributes to the overall mate value evaluation.

As with all models of mate preference, this weighted sum model is seldom stated
explicitly (although sometimes it is, see Brandner et al., 2020). Rather, the assumption of a
weighted sum model must be inferred from the ways in which researchers discuss or measure
mate preferences. For instance, Buss (1989)—perhaps the most influential paper on human mate
preferences—predicts that “females, more than males, should value attributes in potential mates
such as ambition.” It is not clear from the text exactly what “value” is intended to mean here.
However, when preferences were measured in this study, participants were asked to rank and rate
the relative importance of a variety of features in an ideal long-term partner (e.g., “good looks”

and “financial prospects”). This mode of measurement suggests a model of mate preferences in
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which some dimensions are more important than others or carry greater weight in determining

overall mate value evaluations than do others.

This implicit model of mate preferences can also be seen in empirical attempts to
document mate preferences in the form of moderation effects. For example, some have proposed
that for it to be true that men prefer physical attractiveness more than women, it must be
demonstrable that physical attractiveness is more strongly correlated with men’s evaluations or
behaviors than it is for women (e.g. Eastwick & Smith, 2018; Meltzer et al., 2014). Similarly,
others have argued that one has a preference for a characteristic to the extent that overall
evaluations are correlated with that characteristic (e.g., Wood & Brumbaugh, 2009). These
predictions follow directly from an assumption that preferences exert their effect on behavior by

acting as slopes in a linear combination function.

This weighted sum model is a common model of mate preferences; but other prominent
approaches to studying mate preferences make different assumptions. For example, many
theorists propose that preferences act instead as thresholds. In a separate influential paper on
preferences, Kenrick et al. (1990) measured many of the same preference dimensions as Buss
(1989). But rather than asking about the relative importance of these dimensions, Kenrick and
colleagues asked participants to report the minimum and maximum acceptable percentiles for a
potential partner on each dimension. This implies that preferences, rather than adjusting the
contribution of different dimensions to mate value evaluations, instead define an acceptable
range of variation on each dimension. Even more explicit, Miller and Todd (1998) proposed that
mate preferences set up a series of aspiration thresholds: potential mates must pass some
minimum acceptable value on one preference dimension before being passed on for evaluation

on a second. Here the mate value “evaluation” is not a real number estimate of a potential mate’s
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true value, as in the weighted sum approach; rather, it is a binary go/no go signal in that potential

mates are pursued only if they pass all of the relevant thresholds.

A third perspective is that mate preferences act as ideal target values to which potential
mates are compared. Here mate value evaluations derive from the deviation between a given
mate and the ideal value, with smaller deviations being more appealing. The Ideal Standards
Model is relatively explicit in proposing such a model of preferences: “a person’s partner ideal of
‘handsome and warm’ represents a personally held ideal that specifies what the individual hopes
and desires (the self), describes a hypothetical other (the partner), and specifies what the ideal
would be like in an intimate relationship with the self (the relationship)” (Fletcher & Simpson,
2000, p. 102). Under such an approach, preferences identify a hypothetical ideal, and evaluations
are a function of the discrepancy between ideal and reality. This is similar to how some
evolutionary biologists have conceptualized non-human mate preferences (e.g., Kirkpatrick &
Ryan, 1991). That said, while this model of preferences is clear in the stated theory of the Ideal
Standards Model, the questionnaires most often used to measure these ideals asks participants to
rate the relative importance of the different preference dimensions—a measurement more

consistent with weight models of preferences than with an ideal value model.

Table 1 summarizes these implicit models of mate preferences and their translation into
parameters of mate evaluation functions. Combinations between these ideas occur as well. For
instance, Li et al. (2002) appear to blend a summation model with a threshold model in
proposing that “creativity should surely make someone more desirable. Yet creativity might be
irrelevant if a person is below threshold on attractiveness” (p. 948). Here it seems that the
implicit model of mate evaluation is that potential mates must pass some minimum threshold

trait level to be evaluated (a threshold model of preferences), but afterwards are evaluated
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continuously based on the sum of their endowments (a linear combination model). Others have
similarly proposed combinations between weighted sum models and discrepancy metrics useful

for ideal value models of preferences (Conroy-Beam et al., 2019).

Table 1. A sample of mate preference models from the mate choice literature

Preference Model Evaluation Function Examples

Weights (p*?) Buss, 1989; Eastwick and Smith, 2018
Acceptable Ranges (Pmax>t>Pmin) Kenrick et al., 1990

Minimum Thresholds (p) Miller and Todd, 1998

Ideal value (p-1) Fletcher and Simpson, 2000
Combinations pr¥(pz-t) or Conroy-Beam et al., 2019; Li et al.,

if(e>p)) {p2*t) else{0} 2002

Note: p = preference value, f = mate perception value (e.g., actual trait value)

The key takeaway is that, although different mate preference researchers often appear to
be talking about the same construct, when their implicit models of mate preferences are made
more computationally precise, the reality is that different researchers actually think about mate
preferences in quite dissimilar ways. Even worse, researchers are not necessarily internally
consistent in terms of their theories of preferences and their measures of preferences. This
unacknowledged heterogeneity creates ambiguity concerning the correct predictions to make on
the basis of mate preference theories (Eastwick et al., 2014; Fletcher et al., 2020; Schmitt, 2014),

fueling debate but clouding our understanding of human mate preferences.

What, then, is the best way to think about preferences? Attempts to answer this question

empirically are rare. The overwhelming majority of the mate preference literature focuses on
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documenting the content of mate preferences and their variation. There is only a relatively small
literature that attempts to explicitly compare models of the psychology of preferences and their
computational role in attraction and mate choice decisions (Beckage et al., 2009; Brandner et al.,
2020; Conroy-Beam & Buss, 2017). Within even this small literature, the predominant focus has
been on comparing models of mate evaluation functions, with less emphasis on the models of

mate preferences that these evaluation functions imply.

A noteworthy exception to this is Brandner et al. (2020). In this series of studies,
participants reported their mate preferences in a variety of formats including ideal value ratings,
minimum acceptable values, and relative importance ratings and rankings. These preferences
were used to compare a variety of hypothesized functions for computing attraction to potential
mates. The researchers found that the common weighted sum model best predicted participants’
attraction decisions, suggesting a weight model of mate preferences is most plausible overall.
However, even this study was primarily focused on comparing models of mate evaluation (e.g.
weighted sum vs. Euclidean distance) rather than preference models per se (e.g., slope vs. ideal
vs. threshold). Furthermore, these comparisons were based on choice among hypothetical
potential mates in a binary forced choice task. This is an ingenious design in terms of providing
experimental control and the ability to compare a broad set of models. However, real mate
choice does not generally occur as a binary forced choice—rather, it occurs in mating markets
populated by multiple potential mates as well as mating rivals. It is thus unclear the extent to
which strategies would generalize from this more controlled context to more complete mating

markets.

In the present studies, we attempt to address the gaps in the mate preference literature by

comparing both models of mate preferences themselves and mate evaluation functions using a



WHAT IS A PREFERENCE? 18

new agent-based modeling technique called couple simulation. Couple simulation attempts to
compare alternative models of mate choice by reproducing people’s real-world mate choices
within simulated mating markets. The method proceeds by sampling real participants who are in
real-world relationships and creating avatar agents that inherit the characteristics (e.g.,
preferences and corresponding traits) of these participants. These avatar agents then enter into a
simulated mating market where researchers can experimentally manipulate the decision rules
these agents use to make mating decisions. Researchers can then compare the mate choices of the
avatar agents to the choices of their real-world counterparts. The core intuition is simple:
whatever set of decision rules best approximates those used in real mate choice should tend to
cause the avatar agents to make the same decisions as did their yoked participant. Therefore, the
more accurately a given set of decision rules tends to reconstruct a given sample of couples, the
more likely it is that set of decision rules is approximating realistic features of real human mate
choice. Simulation studies indicate that this method can distinguish a population’s true model of
mate choice from alternatives (for expanded details, see Conroy-Beam, 2021). Here, we first use
a series of proof-of-concept agent-based models to demonstrate that this couple simulation
method can successfully compare alternative models of mate preferences themselves. We then
apply this method to two samples of romantic dyads to evaluate the relative plausibility of a

range of models of mate preferences and mate evaluation functions.

2. Proof of Concept Models

To use the couple simulation approach to compare alternative models of the format of
preferences, we first have to establish that couple simulation can successfully distinguish among
models of preferences in principle. Prior work has established that couple simulation can

successfully compare among models of mate choice (i.e., the process by which evaluations lead
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to choices; Conroy-Beam, 2021); here we assess whether couple simulation can also compare
among models of preferences and evaluation. To do so, we conducted a series of proof-of-
concept models that apply couple simulation to a series of simulated populations. Each of these
simulated populations is composed of agents who choose one another as mates according to a
“true model,” a simulated mating psychology whose mate preference format and mate evaluation
functions are known for a fact. We draw samples of couples from these simulated populations
and attempt to reproduce these sampled couples using both the population’s true model as well
as alternative models that are known to be incorrect. Couple simulation can be said to accurately
identify a population’s true model of mating psychology to the extent that each population’s true
model more accurately reproduces the sampled couples than do the alternative models. If couple
simulation can accurately identify the true models governing mate choice within these simulated
populations, this suggests the method can also be used to compare alternative models of mate

choice psychology within real-world mate choice data.

All model scripts and outputs are available on the Open Science Framework

(https://osf.io/epbgt/?view_only=b730ac40dbc442089692f3d1a7b0456a).

2.1. Model Setup

2.1.1. Generating the Agent Population

We followed the model setup procedures detailed in Conroy-Beam (2021). We generated
a population of N = 50,000 agents based on a sample of n = 1,044 people who were members of
k =522 committed, heterosexual romantic relationships. Participants in this sample reported their
mate preferences on 16 dimensions in three different formats (see Study 1 for details): (1) ideal

values (using 11-point bipolar adjective scales), (2) minimum and maximum acceptable
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thresholds (using 11-point bipolar adjective scales), and (3) relative importance (using both a
ranking and a constant sum allocation rating). These participants additionally rated themselves

and their partners on these 16 dimensions using 11-point bipolar adjective scales.

Agents were generated based on these data in a three step process (see Conroy-Beam,
2021 for details). First, we resampled from each dimension up to the desired population size of N
=50,000. Second, these values were multiplied by the Cholesky decomposition of the real data’s
correlation matrix; the Cholesky decomposition is comparable to taking the square root of a
matrix and is useful for imposing a realistic correlation matrix on the simulated data. Finally, the
simulated trait and preference data was re-scaled to the means, standard deviations, and ranges of
the real data. The end result of this process was a population of N = 50,000 simulated agents with
random traits and preferences whose distributions and correlation matrix closely mimicked that

of the real human data.

2.1.2. Generating Agent Couples

Next, these simulated agents were used to generate populations of mated couples that
differed only in the format of mate preferences used to generate them. To accomplish this, we
first divided the agent population into 100 random subpopulations of » = 500 agents each. We
then produced three copies of this subdivided population. In each of these populations, agents
selected one another as mates within their subpopulations. Each agent did this by first computing
the mate value of each potential mate in their local subpopulation based on their own preferences
and the potential mates’ traits and then selecting mates based on these mate value calculations.
This process proceeded identically in each of the three agent populations with the exception of

the mate value calculation. Each population used one of three formats of mate preferences and
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corresponding mate evaluation functions: a weighted sum function, an aspiration threshold

function, and a Euclidean integration function.

2.1.2.1. Weighted Sum Mate Value Estimation

Agents in the weighted sum population selected mates on the basis of mate preferences
that acted like weights. To compute the mate value of potential mates, these agents computed the
sum of each potential mate’s trait values, weighted by the agent’s own importance rated

preferences.

2.1.2.2. Aspiration Threshold Mate Value Estimation

Agents in the aspiration threshold population utilized mate preferences in three formats:
rankings, minimum acceptable threshold, and maximum acceptable threshold. Mate value
calculation was a multistep process for these agents. First, these agents evaluated all potential
mates in their subpopulation against their highest ranked mate preference. On each dimension,
the agent checked whether each potential mate’s trait value fell both above their minimum
preference for that dimension and below their maximum value for that dimension. Any potential
mate that did not satisfy either of these conditions was eliminated from consideration. Still
eligible mates were passed on for consideration in the next stage of mate value calculation. Here,
the agent moved on to their next highest ranked preference and checked their minimum and
maximum preferences against the traits of all remaining eligible potential mates. This process
repeated until either the agent had used all 16 of their mate preferences or until a given mate
preference would, if applied, eliminate all remaining potential mates. This process left the agent

with the smallest possible set of potential mates that would be eligible given the agent’s mate
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preferences. Finally, the agent assigned a mate value of 10 to all potential mates left eligible at

that point and a mate value of 0 to any potential mate that was eliminated at any point.

2.1.2.3. Euclidean Mate Value Estimation

Agents in the Euclidean mate choice population utilized just their ideal value mate preferences
for mate choice. These agents computed the Euclidean distance between their own preferences
and the traits of each potential mate. These distances were rescaled such that a potential mate
whose traits were the maximum possible distance from the agent’s preferences would be
assigned a mate value of 0 whereas a potential mate whose trait vector exactly matched the

agent’s preference vector was assigned a mate value of 10.

2.1.2.4. Mate Choice

After estimating the mate value of their potential mates, agents in each population
selected their mates according to a resource allocation model of mate choice (Conroy-Beam,
2021). Each agent possessed a set of 10 abstract resources (representing, for instance, time,
money, or energy) that could be allocated to potential mates. Each agent initially allocated these
resources directly in proportion to each potential mate’s estimated mate value. Afterward, agents
reallocated resources in proportion to their mutual investment with each potential mate,
calculated as the product of investment given and investment received in the prior allocation
stage. This reallocation process repeated for 100 steps of courtship. This caused agents to drift
from broadly allocating resources across several potential mates to eventually focusing the
majority of their resources on 1-2 highly mutually interested partners. At the end of this

courtship process, agents were paired with the potential mate in whom they were most highly
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invested if that potential mate was also most highly invested in the agent. These were the

“ground-truth” agent couples upon which couple simulation was based.

2.1.3. Applying Couple Simulation

Finally, to assess the ability of couple simulation to compare among alternative models of
mate preferences, we applied the couple simulation method to these populations of agent
couples. For this, we drew 100 random samples of agent couples from each of the three
populations at each of 7 sample sizes: k£ =50, 75, 100, 200, 300, 400, and 500 dyads. Within
each of these samples, we applied the couple simulation method attempting to reproduce the
sampled agent couples separately using weighted sum mate value estimation, aspiration
threshold mate value estimation, and Euclidean mate value estimation. For each model, we
calculated the proportion of the sampled agent couples accurately reproduced by couple
simulation. If the couple simulation method is able to successfully distinguish among alternative
models of mate preferences, each population’s true model of mate value estimation should tend

to reproduce the greatest proportion of agent couples in couple simulation.
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2.2. Model Results
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Figure 2. Results from the proof-of-concept models. Couple simulation can successfully identify
a population’s true model of mate preferences from random samples of couples. A: Results from
the population which the aspiration threshold model was the true model of preference
psychology; B: Results from the population in which the Euclidean distance was the true model
of preference psychology; C: Results from the population in which the weighted sum model was

the true model of preference psychology. Error bars represent 95% confidence intervals.

Figure 2 shows the results of the proof-of-concept models. In all three populations, the
couple simulation method correctly recovered the population’s true model of mate preferences
and mate evaluation. When the aspiration threshold method of mate value estimation was the
true model of mate preferences and mate evaluation, this model significantly outcompeted the
weighted sum and Euclidean models at all sample sizes. The same was true for the Euclidean and

weighted sum models. As in Conroy-Beam (2021), we observe that simulation accuracy
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generally declines with increasing sample size. However, in each population, the true model of
mate preferences outcompetes the alternative models in 100% of samples at all sample sizes in
all three populations. These results strongly suggest that the couple simulation method can
indeed be used to empirically compare among alternative models of mate preference and mate

evaluation.

Given how strongly couple simulation performed in distinguishing among these models,
we conducted a further series of proof-of-concept models to further “stress test” couple
simulation’s abilities to compare among models of preferences and mate evaluation. This series
of proof-of-concept models worked identically to the first. However, we changed the set of mate
evaluation functions tested across the populations. These were limited to similarity metrics and

as such all used a model of mate preferences in which preferences act as ideal values.

The comparison set included three populations in which mate evaluation was based on
distance metrics: the Euclidean distance, the Manhattan distance, and the Minkowski distance
with a power term of 1.5. If one imagines a “preference space,” an abstract space in which each
dimension represents a single mate preference, the Euclidean distance represents the straight-line
distance, as the crow flies, between ideals and potential mates whereas the Manhattan distance
represents the “city block™ distance—the distance when going up and over between ideals and
potential mates rather than cutting across the space. The Manhattan distance is equivalent to the
total absolute deviation between preferences and potential mates. As such, in terms of comparing
preferences to potential mates, the Manhattan distance allows for large deviations on some
dimensions to be compensated for by small differences on other dimensions, whereas the
Euclidean distance promotes pursuing partners who minimize large deviations from preferences

on any dimension. Both the Euclidean and Manhattan distance are special cases of a broader
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metric known as the Minkowski distance. The Minkowski distance can take on any of an infinite
number of forms based on the value of a power term. The Euclidean distance is the Minkowski
distance with a power term of 2; the Manhattan distance is the Minkowski with a power term of
1. The third distance metric used here, the Minkowski distance with a power term of 1.5, is an
intermediate form between the Euclidean and Manhattan distances and represents a curved line

connecting preferences and potential mates.

We additionally included a population in which mate value was calculated based on the
cosine similarity (see Conroy-Beam, 2018). The cosine similarity is a separate commonly used
similarity metric that represents the cosine of the angle formed by ideals, preferences, and the
origin of the preference space. This is highly similar to the profile correlation between
preferences and potential mate traits. Evaluating potential mates according to a cosine similarity
promotes pursuing potential mates whose overall trait configuration matches one’s preference
configuration (i.e., partners who are relatively high on those dimensions are relatively highly
preferred) but does not minimize the direct deviation between preferences and partner
characteristics. Finally, we included a population that blended ideal value and weight models of
preferences using a weighted Euclidean model: in this population, mate value was computed as a
Euclidean distance between an agent’s preference vector and a potential mate’s trait vector.
However, the contribution of each dimension to the overall distance was weighted by the agent’s
importance-typed preferences, meaning that deviations on important dimensions were considered

more negative than deviations on less important dimensions.

These similarity metrics are collectively more similar to one another than were the mate
evaluation functions used in the first proof-of-concept models in that they are using the same

preference format and computing values that reflect deviations between preferences and partner
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characteristics. This therefore provides a stricter test of couple simulation’s ability to compare

among models of mate preferences.
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Figure 3. Results from the second series of proof-of-concept models. These tests compare a more
similar set of mate preference models overall. Nonetheless, couple simulation can successfully

identify a population’s true model of mate preferences on average and in the majority of samples.
A: Cosine similarity population; B: Euclidean population; C: Weighted Euclidean population; D:

Manhattan population: E: Minkowski population. Error bars represent 95% confidence intervals.

Figure 3 presents the results of this second set of proof-of-concept models. Simulation
accuracies were generally closer to one another in this second model than they were in the
primary model. However, even here, in each population the true model of mate preferences
significantly outcompetes the others on average across samples by the time the sample size was k

=300 dyads.
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Although the correct model of mate preferences outperformed the alternatives on average
across samples, Figure 4 shows that the proportion of samples in which couple simulation
recovered the correct result was more complex. Whereas couple simulation identified the
population’s true model of mate evaluation in more than 80% of samples by the time k was
greater than 400 for the cosine similarity, Manhattan distance, and weighted Euclidean models,
the method had slightly more difficulty distinguishing among the Manhattan distance, Euclidean
distance, and Minkowksi distance methods. The Minkowski distance was correctly identified in
only 71% of samples even when the sample size was k = 500; the Euclidean distance model was
correctly identified in only 78% of samples at the same sample size. This relatively low
resolution should be unsurprising as these distance metrics are very similar to one another in
terms of both the format of mate preferences that they use and the way in which they convert
mate preferences into mate value estimates. Overall, the couple simulation method can clearly
distinguish between highly distinct models of mate evaluation. However, its ability to distinguish

among the relatively similar distance metrics is slightly lower in resolution.
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Figure 4. Confusion matrices from the second series of proof-of-concept models. With sufficient
sample size, couple simulation does identify the true model of preferences and evaluation in the
majority of samples. However, distinction between the relatively similar distance metrics is more
challenging. Panels A-G represent sample sizes from k£ = 50, 75, 100, 200, 300, 400, and 500

dyads respectively.

2.3. Discussion

Overall, the results of this series of proof-of-concept modeling indicate that couple
simulation can clearly distinguish between models of mate preference and mate evaluation when
the models are as distinct from one another as are, for example, threshold and weighted sum
models. That is, if a population’s true model of mate evaluation is a weighted sum, weighted sum
models of mate choice will outperform the alternative models tested here when reproducing
couples sampled from that population; conversely, if the population’s true model is an aspiration
threshold procedure, aspiration threshold models will outcompete alternatives. Couple simulation
can even clearly distinguish among alternative similarity metrics such as distance metrics and
cosine similarity metrics. However, when the models of mate evaluation are highly similar, as
are the various distance metrics in the family of the Minkowski distance, couple simulation
results remain accurate in the long run across samples, but are less precise on a sample-to-sample
basis in that no one sample is as likely to correctly identify the population’s true model of mate
choice. For this reason, we omitted Minkowski distances from future comparisons and interpret

the differences between the Manhattan distance and Euclidean distance cautiously.

3. Study 1
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The proof-of-concept models establish that couple simulation can in principle distinguish
between alternative models of mate preference and mate evaluation. That is, when alternative
models of mate preferences and mate evaluation are challenged to reproduce couples sampled
from a population, the model that best reflects the population’s true model of mating psychology
tends to perform best in reproducing sampled couples on average and across samples. As such, in
Study 1 we apply couple simulation to a sample of real-world couples to empirically compare
alternative models of mate preferences. Here we ask: which combination of mate preference
formats and mate evaluation functions maximally reproduced the observed couples in simulated

mating markets?

3.1. Methods

3.1.1. Participants

Participants were n = 1,052 people who were members of k£ = 526 committed, romantic
dyads. The target sample size was k = 500 dyads. A total of k£ =738 dyads completed at least
some part of the survey, however of these £ =212 were eliminated for failing at least one of two
attention checks, yielding the final sample size of k = 526. Participants were recruited using
Qualtrics’s survey panel service; survey criteria were heterosexual U.S. participants, in romantic
relationships, and cohabitating with their romantic partner. Participants were M = 56.89 years old
on average (SD = 13.95). Participants were in their relationships for Mdn = 27.83 years and
relationship lengths ranged from 1 years to 64 years. Most participants described themselves as
married (n = 977, 93.58%), followed by dating seriously (n = 34, 3.26%), and dating casually (n
= 14, 1.34%). The number of married participants is odd because the partners of three married
participants opted to write-in a description of their relationship status rather than select the

“married” option from the relationship status question; however, each of these partners left their



WHAT IS A PREFERENCE? 31

relationship status blank. Nineteen participants opted to write in a separate description of their
relationship status, these included “cohabitation”, “been together 15 years not married”,

“committed relationship”, “divorced but together”, “domestic partner”, “living together”,

“partner”, and three declined to report as described above.

3.1.2. Materials

3.1.2.1. Mate Preferences

In order to compare models of preferences, we needed to be able to measure mate preferences in
a wide range of hypothesized formats within the same participants. Although a variety of mate
preference questionnaires exist in common use within the literature (e.g. Buss, 1989; Fletcher &
Simpson, 2000; Li et al., 2002), these questionnaires are generally designed to measure mate
preferences in just one or two formats. In particular, several mate preference questionnaires exist
and can provide guidance for measuring mate preferences in the form of relative importances;
few validated questionnaires exist for measuring preferences in terms of thresholds or ideal
values. For this reason, we used an act nomination procedure to develop and validate a novel
mate preference questionnaire that could be used to measure mate preferences across formats
within the same participant. The final scale contained three 31-item subscales for measuring
ideal preferences, minimum preferences, and maximum preferences. Each subscale had one item
representing age and two items for each of 15 other mate preference dimensions:
affectionateness, ambition, artistic ability, disposition, family support, health, humor,
intelligence, kindness, parenting, physical attractiveness, religiosity, sexiness, and status (see

supplementary materials, section S1 for details).
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Using these scales, participants reported their ideal (i.e., most preferred value) as well as
their minimum acceptable and maximum acceptable values for each trait in a potential partner.
For these ratings, participants used the 11-point Likert scale developed in Study 1, with scale
labels presenting the relative standing information in frequency format. Participants additionally
rated themselves and their romantic partners on these same items using the same scale, with the

exception of age which was self-reported in years.

Participants reported the relative importance of the mate preference dimensions in two
different ways. The first was a ranking procedure. Participants were presented with the 16 mate
preference dimensions. These were presented instead of the 31 paired items that composed the
dimensions in order to minimize the number of comparisons participants had to make. Partially
inspired by Brandner et al. (2020), each item was phrased in terms of a difference dimension, for
example “Kind or not,” and participants were asked to order these differences in terms of their
relative importance in distinguishing desirable partners from undesirable partners. In addition to
this ranking task, participants also completed a forced-sum rating task, partially inspired by Li et
al. (2002). Here, participants were asked to rate how important each dimension was on a 10-point
scale ranging from “Extremely unimportant difference” to “Extremely important difference”
with “Moderately important difference” as the midpoint of the scale. However, participants were
forced to make their ratings sum to a total of 80 points. This allowed participants to rate all 16
dimensions as “Moderately important” (i.e., a 5 on the 10-point scale); however, in order to rate
one dimension as more important than the others, participants were required to also rate another
dimension as less important. The complete mate preference questionnaire can be found in the

supplementary materials (S4).

3.1.2.2. Relationship quality
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As measures of relationship quality, participants completed the Quality Marriage Index
(QMI; a = .97; Norton, 1983), the Perceived Relationships Quality Components Inventory
(PRQC; subscale as range from .88 - .97; Fletcher et al., 2000), and the cognitive subscale of the

Multidimensional Jealousy Scale (MJS; a = .96; Pfeiffer & Wong, 1989).

3.1.3. Procedure

Participants completed the questionnaires in a somewhat random order. Participants first
completed the ideal preference, self, and partner ratings in random order with items randomized
within block; this was followed by the QMI. Participants then completed the minimum
preference, maximum preference, and preference importance ratings in randomized order, with
items randomized within block as well. Each of these was paired with subsections of the PRQC
and the preference ranking and rating tasks were split by the cognitive subscale of the
multidimensional jealousy scale. This presentation order was chosen to mitigate participant
fatigue. Ratings were paired so as to interleave the relationship quality reports with the mate

preference reports in order to reduce perceived redundancy.

3.1.4. Data Processing

Measures from participants were used to parameterize agents for couple simulation. For
each participant, we created one avatar agent that inherited that participant’s mate preferences, in
all formats, as well as the average of the participant and their partner’s ratings of the participant’s
traits. These agents were entered into simulated mating markets in which agents selected each
other as mates based on their mate value calculations and the resource allocation model as

described in the proof-of-concept models.
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Specifically, agents were simulated in 19 simulated mating markets that varied in the
format of preferences and the evaluation function that agents used to estimate mate value. Table
4 reviews the combinations of mate preference models and evaluation functions. In each market,
all agents in that market computed the estimated mate value of each potential mate to them
according to their preferences, that potential mate’s traits, and the mate evaluation function used
in that mating market. These estimated mate values were used as the basis of mate choice
according to the resource allocation model (using alternative models does not appear to
qualitatively change the results; see supplementary section S2). The simulation accuracy of a
given model was computed as the proportion of the real-world couples accurately reproduced by
a given mating market; 95% confidence intervals on simulation accuracy were estimated by
bootstrapping from the model’s couple-wise vector of simulation accuracies (i.e., the binary
simulation accuracy of the model for each sampled couple). The relationship between simulation
accuracy and relationship quality was assessed with multilevel models. We predicted relationship
quality for each participant using the simulation accuracy for their couple as well as random
intercepts for couple to account for non-independence of dyad members. Because simulation
accuracy was a binary variable at the level of couples (accurate vs. inaccurate), relationship
quality measures were standardized prior to analysis so that regression slopes can be interpreted

comparably to Cohen’s d values.

Table 4. Summary of mate preferences and evaluation functions modeled.

Preference Evaluation  Description

Format function
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Minimum, Aspiration In decreasing order by p,and while > 1 mates remain:
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0, otherwise
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Ideal value Exceed Z {t — Pia,t > Pia
0, otherwise
(Ideal)
Minimum Exceed Z {t = Pmins t > Pmin
0, otherwise

(Minimum)

Note: p,, = importance rated preference; pis = ideal value preference; p-= importance ranked
preference; pni» = minimum preference; pmq« = maximum preference; ¢ = mate trait value. All
mate values were scaled to a 0-10 range prior to couple simulation; scaling terms are omitted

here for simplicity.

3.2. Results

Figure 5 presents the simulation accuracy for Study 1. Overall, the best performing
models were those that utilized preferences exclusively in ideal value format. The Mahalanobis
distance (accuracy = 30.651%, 95% CI [26.820, 34.674]) and cosine similarity (accuracy =
32.567, 95% CI [28.544, 36.590] models performed similarly. These were each outperformed by
the Euclidean distance model (accuracy = 37.356%, 95% CI [33.333, 41.571]. However, in
contrast to prior research, the Euclidean distance model was outperformed by the Manhattan
distance model: accuracy = 40.996, 95% CI [36.782, 45.211]. A paired permutation test
indicated that this difference was statistically significant, p = .014. In contrast to its popularity
within the mate preference literature, the weighted sum model performed surprisingly poorly in
reproducing the real-world couples with an accuracy of 5.747%, 95% CI [3.831, 7.854]. The
aspiration threshold models performed poorly as well, with the Aspiration (Minimum; Total)

performing best of all threshold models with an accuracy of 9.579%, [7.088; 12.261].
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Figure 5. Couple simulation accuracy from Study 1. A: Simulation accuracy as a function of
preference format and integration model. Ideal preferences outcompete all other preference
formats. B: Relationship quality as a function of Manhattan distance simulation accuracy.
Participants whose relationships were accurately reproduced by the Manhattan distance model

reported greater relationship quality across all dimensions.
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Furthermore, consistent with Conroy-Beam (2021), these models not only accurately
reproduce real-world couples at above-chance levels, they also attain power to discriminate
between couples on overall relationship quality. Figure 5 shows the difference in relationship
quality between participants whose relationships were accurately reproduced by the Manhattan
distance model and those whose relationships were inaccurately reproduced. Participants whose
relationships were accurately reproduced by the Manhattan distance model reported higher levels
of relationship quality across dimensions; multilevel models predicting relationship quality from
simulation accuracy with random intercepts for couples indicate that all of these differences were

statistically significant (largest p = .014, for jealousy).

3.2.1. Exploratory Analyses of Importance

The poor performance of the weight models of preferences creates somewhat of a
theoretical puzzle. The notion of mate preferences reflecting relative importance of alternative
dimensions has been a dominant model of preferences within the human mating literature.
Working within this framework, preference researchers have discovered several robust empirical
phenomena that appear to align with theoretical principles. For example, the well-documented,
cross-culturally robust sex differences in preferences for age, physical attractiveness, and
financial prospects predicted on the basis of sex-differentiated adaptive problems experienced
throughout human evolutionary history (Buss, 1989; Zhang et al., 2019). Our results would
appear to pose a question for this classic area of research: if mate preferences in the sense of
relative importance have no connection to mating behavior, why would they still be sex-

differentiated in a theoretically predicted manner?

One potential answer to this question comes from research on individual differences in

preferences and the change in preferences over time. Prior research has found that higher mate
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value individuals tend to have higher preference standards (Buss & Shackelford, 2008; Conroy-
Beam et al., 2019). Such a correlation could emerge if preferences are adjusted in response to
differential experiences on the mating market. Indeed, prior research has found that when people
are rejected in the mating domain, they tend to increase the flexibility of their mate preferences
(Beckage et al., 2009; Charlot et al., 2020) and that changes in mate preferences over time track
changes in perceived mate value (Bredow & Hames, 2019). If rejection by potential mates
motivates downregulation of preferences, and if high mate value people experience less frequent
rejection, this could partially explain why high mate value people set higher preference

standards.

How does this relate to preferences as relative importances? Although adjusting
preferences in response to experience on the mating market may be a sensible strategy, mate
preferences could in principle be adjusted in multiple ways. For example, in response to romantic
rejection, one could downregulate all mate preferences equally, or one could strategically
downregulate some less important preferences (e.g. for artistic ability) in order to maintain high
standards on other, more important dimensions (e.g. kindness). This is akin to Li (2002)’s notion
of “necessities” and “luxuries” in mate choice—however, rather than importance reflecting
necessities in what potential mates possess, importances may reflect necessities in what is
preferred in ideal value terms. Such a distinction could explain what is being measured when
participants report on the relative importance of alternative preferences. Rather than relative
importance factoring into how potential mates are evaluated, the relative importance of a

preference dimension could instead reflect how sensitive ideal preferences are to experience.

Study 1°’s data allow for an indirect, exploratory test of this hypothesis. For this,

following prior research, we computed the overall mate value of each participant as proportional
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to the Euclidean distance between their own trait composites and the average ideal preferences of
the opposite sex. We then explored the interaction between mate value and preference
importance ratings in predicting ideal value preferences. Figure 6 displays these results. A
multilevel model, with preferences nested within participants and a random intercept term,
confirms a significant interaction between mate value and preference importance in predicting
ideal preferences, b = -.051, SE =.006, p <.001. Consistent with the hypothesis that importance
ratings reflect the sensitivity of ideal preferences to experiences on the mating market, we see
that ideal preferences are indeed correlated with mate value but this correlation is stronger for
preferences that are /ess important to participants. This suggests that attributing high importance
to a preference dimension reflects an unwillingness to adjust that preference in response to

experience whereas low importance reflects greater flexibility.
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Figure 6. The relationship between mate value and preference importance in predicting ideal
preferences across all 16 preference dimensions. Across dimensions, higher mate value people
tend to set higher ideal preferences, but this relationship is particularly true for preferences
people find to be less important. For highly important preferences, all people maintain high
standards relatively independent of their mate value. Dots represent individual observations;

lines represent predicted values from the multilevel model.

3.3. Discussion

In Study 1, we applied the couple simulation method to compare among alternative
models of mate preferences and mate evaluation. We found that the couple simulation method
does indeed discriminate among a set of 19 possible models and specifically identifies ideal
values as being the most plausible model of mate preferences and distance metrics as being the
most plausible models of mate evaluation. Within these, the single best performing model was
the Manhattan distance model. Weighted distance functions performed next best overall,
followed by the weighted sum and aspiration models of mate evaluation. Overall, from Study 1,
it appears the best supported model of mate preferences is that of ideal values, not unlike the

model proposed by Ideal Standards Theory (Fletcher & Simpson, 2000).

However, Study 1 does have some noteworthy limitations. Particularly, the couples used
as the basis for couple simulation in Study 1 were quite established, with a median relationship
length of 27.83 years. The individuals in these relationships are quite distant in time from when
they made the actual mate choices responsible for their relationships. It could be that these

results would differ for individuals in more nascent relationships.
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Furthermore, the strong performance of the distance metrics especially as compared to
the weighted sum is somewhat surprising both because of the relative popularity of the weighted
sum model and because this result conflicts somewhat with some prior research. For example,
Brandner et al. (2020) found that the weighted sum model performed best of all in their task,
followed closely by the sum and Euclidian distance models whereas here the distance metrics
outcompeted both sum models. Additionally, the strong performance of the Manhattan distance
is surprising both in light of prior research finding that the Euclidean distance outperforms the
Manhattan distance in predicting attraction to hypothetical potential mates (Conroy-Beam &
Buss, 2017) and because there are some theoretical reasons to expect a Euclidean distance
integration model might perform better than a Manhattan distance. Namely, the Manhattan
distance does not distinguish between large deviations on a few dimensions and small deviations
across several dimension—for instance, a Manhattan distance might treat a sadistic but
handsome partner as equivalent to partner who is only slightly attractive and a little grumpy. A
Euclidean distance, on the other hand, favors minimizing deviations across all dimensions and
does not tolerate large deviations from preferences on any dimension . While not impossible, it
does seem unlikely that selection would favor an attraction psychology that would allow vicious
or lethally infectious partners to fully compensate for these deficits by being sufficiently
attractive or funny. Additionally, the proof-of-concept results suggest that couple simulation

estimates of the relative accuracy of different distance functions might be somewhat unstable.

For each of these reasons, we conducted a follow-up study in which we assessed the
robustness of these results by attempting to replicate them in a separate sample of couples who

were in less established relationships.

4. Study 2
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The purpose of Study 2 was to replicate the results of Study 1 using a separate sample of
participants in more nascent relationships, both to establish the robustness of these results and

assess their generalizability to newer relationships.

4.1. Methods

4.1.1. Participants

Participants were 590 members of 295 ongoing, committed, heterosexual dyads.
Participants were M = 25.87 (SD = 5.00) years old. Participation was limited to participants who
had been in a relationship for less than 5 years; the median relationship length was Mdn = 3, with

a range of 0 to 5 years and an interquartile range of 2 to 4 years.

4.1.2. Materials

Participants completed a subset of the materials from Study 1. This included the ideal
preference ratings, the forced-sum preference importance ratings, and the self and partner trait
ratings. Participants additionally completed the QMI, PRQC, and the complete MJS as measures
of relationship quality. These were interwoven with measures intended for other studies that are

not analyzed here.

4.1.3. Procedure and Data Analysis

Measurement scales appeared in a similar order as in Study 1. Data processing occurred
identically as well, with evaluation models limited to those that apply ideal value or weight
preference models. This included the Euclidean, weighted Euclidean, Manhattan, weighted

Manbhattan, cosine similarity, sum, and weighted sum models.

4.2. Results



WHAT IS A PREFERENCE? 45

Figure 7 presents the simulation accuracy results for Study 2. The results are broadly
similar to Study 1 in that the models that incorporate preferences as ideal values outcompete
those models that incorporate mate preferences as weights. Within these, the models that
integrate preferences according to a distance function outcompete the cosine similarity.
However, unlike Study 1, the Euclidean distance and Manhattan distance models now perform
similarly, with the Euclidean distance achieving a barely higher simulation accuracy (accuracy =
27.189%, 95% CI [22.034%, 32.203%]) compared to the Manhattan distance (accuracy =
26.780%, 95% CI [21.695%, 31.864%]). This difference was not statistically significant in a
paired permutation test, p =.505. As Figure 7 also reveals, Study 2 also replicated the
relationship quality findings of Study 1. Couple simulation accuracy according to the best
performing model (in this case, the Euclidean distance model), again significantly predicted all

dimensions of relationship quality (largest p = .023 for jealousy).
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Figure 7. Couple simulation accuracy from Study 2. A: Simulation accuracy as a function of
preference format and integration model. Ideal preferences outcompete all other preference
formats. B: Relationship quality as a function of Euclidean distance simulation accuracy.
Participants whose relationships were accurately reproduced reported greater relationship quality

across all dimensions.

Notably, although Study 2 broadly replicated the relative accuracy findings of Study 1,
the overall accuracy was much lower in Study 2. For example, the Manhattan distance model

accurately reproduced 40.996% of couples in Study 1 but just 26.780% of couples in Study 2.
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This decrease in performance is especially surprising given that, on average, couple simulation

accuracy tends to increase for smaller samples (Conroy-Beam, 2021).

The reasons for this decline in accuracy are not perfectly clear. One possibility is that the
couple simulation method is more effective for reproducing more established relationships than it
is for reproducing more nascent relationships. A second possibility is that Study 2 presents a
more challenging classification task simply because the sample was, by design, more
homogenous owing in particular to the narrower age range. To compare among these alternative
possibilities, we conducted a third round of couple simulation by iteratively blending the samples
from Studies 1 and 2. We entered each couple from Study 2 into a random sample of 294 couples
from Study 1 and conducted couple simulation, using the Euclidean distance model, on each of
these 295 blended samples. This provided samples that were of the same sample size as Study 2
but were as heterogenous as the sample from Study 1. We then assessed the simulation accuracy

for the Study 2 couples across these 295 blended samples.

Across these blended samples, 55.256% of the Study 2 couples were accurately
reproduced. This compared to an average simulation accuracy of 42.765% for the Study 1
couples across the 295 blended samples. This suggests that, all else equal, the couple simulation
method was actually more accurate in reproducing the relatively nascent relationships compared
to the more established relationships sampled in Study 1. The lower on-average simulation
accuracy in Study 2 is therefore more likely attributable to the more homogenous nature of the

sample owing to the more restrictive sampling criteria.

Finally, as Figure 8 illustrates, Study 2 similarly replicated the relationship between mate
value, preference importance, and ideal preferences found in Study 1. A multilevel model again

confirms a significant interaction between mate value and preference importance in predicting
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ideal preferences such that mate value is less strongly associated with ideal preferences for
relatively important dimensions but has a stronger positive association with ideal preferences for

relatively unimportant dimensions.
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Figure 8. The relationship between mate value and preference importance in predicting ideal
preferences. Higher mate value people tend to set higher ideal preferences, but this relationship is
particularly true for preferences people find to be less important. For highly important
preferences, all people maintain high standards relatively independent of their mate value. Dots

represent individual data points; lines represent predicted values from the multilevel model.
4.3. Discussion

Study 2 broadly replicated the results of Study 1. Mate choice models that incorporate
mate preferences as ideal values outcompete those that incorporate preferences as weights and

those that model mate evaluation as a distance function outcompete other similarity metrics.
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Furthermore, couples accurately reproduced by the most accurate mate choice model report
higher levels of relationship quality across several dimensions. However, consistent with the
conceptual models, comparisons among alternative distance metrics appear to be less precise in
that, unlike Study 1, the Euclidean distance model now performs comparably to the Manhattan
distance model. Why exactly this occurred is unclear. This could simply reflect sampling error
and the relatively small difference between the two models; it could also reflect theoretically
interesting differences between the mate preferences or mate choice of relatively nascent vs.
established couples. Ultimately, clearer evidence would come from larger samples of even more
nascent couples—or even better, longitudinal studies that are able to follow-up on the mate
choices of originally single participants (e.g., as in Campbell et al., 2016; Gerlach et al., 2019).
Nonetheless, overall the results of this study suggest that couple simulation results can generalize
to less-established couples, however comparisons among highly similar models such as

alternative distance metrics are more difficult.

5. General Discussion

Mate preference research has become a cornerstone of evolutionary and social
psychological research. Psychologists have worked for decades to chart both the contents of
human preferences as well as to document their variation across sex/gender (Buss, 1989), context
(Kenrick et al., 1990), and culture (Eagly & Wood, 1999; Gangestad et al., 2006). This work has
been invaluable in advancing our understanding of human mating psychology. However,
somehow lost in this literature is a more fundamental question: what is a mate preference? What

aspect of the mind does “mate preference” refer to?

Here we offer a computational definition of mate preferences: mate preferences are

parameters of evaluation functions that help to shape mate value estimates as a function of
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perceptions of potential mates. This definition places mate preferences in the head, rather than as
a property of decision sets or behaviors, consistent with prior evolutionary psychological
conceptions of preferences (Buss, 1992). This definition furthermore can accommodate the
multiple different models of preferences that psychologists have historically assumed: mate

preferences as weights, thresholds, ranges, or ideal values.

The question now becomes: which of these models of mate preferences is most plausible
overall? Here we present evidence that the couple simulation method can be useful for answering
this question. By representing members of real-world couples in simulated mating markets, we
can assess the power of alternative models of mate preferences to reproduce people’s real-world
mating decisions. Our proof-of-concept models demonstrate that this simulation accuracy metric
can identify a population’s true model of mate preferences, especially when the comparison set
of models of preference and evaluation are relatively dissimilar. In the long run, a population’s
true model of mate preferences and mate evaluation will tend to reproduce a greater proportion

of sampled couples within a couple simulation framework.

In light of this, we applied this couple simulation approach to two samples of real-world
couples. Across both samples, we find that the best performing model of mate preferences is one
of mate preferences as ideal values: templates of ideal mates to which potential mates are
compared. This is particularly true when mate preferences are integrated with one another and
with potential mate information according to distance metrics such as the Manhattan and
Euclidean distance, which compute mate value as the distance between a potential mate and an
ideal mate through a multidimensional preference space. These models outcompeted a wide
range of alternatives, including several that are more complex and make use of more participant

information (e.g., the weighted distance models and the aspiration models). These results are
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generalizable across both highly established and relatively nascent romantic relationships.
Replicating prior work (Conroy-Beam, 2021), they also attain power to discriminate between
couples in terms of relationship quality in that people whose relationships are accurately
reproduced by these models of mate choice report higher quality romantic relationships across
several dimensions including satisfaction, commitment, intimacy, trust, passion, love, and

jealousy.

Overall, these results contribute toward answering a long-overlooked question: how are
mate preferences represented within the mind? Our data suggest that, despite the popularity of
weight and threshold models—but consistent with the theoretical perspective of the Ideal
Standards Model (Fletcher & Simpson, 2000)—mate preferences are best conceived of as
serving as ideal representations of potential mates. This has several implications for human
mating and relationships research. For instance, our results suggest a need to disentangle
priorities—in the sense of relative importances—from preferences themselves. Many theories of
human mating treat these as though they are interchangeable—for instance, asking participants to
rank the relative importance of traits as measures of mate preferences. However, results of our
exploratory analyses suggest that priorities have a role in determining the value of preferences
but do not have a role in determining actual mate choice. That is, priorities govern preferences

whereas preferences govern choice.

These results also have implications for measurement of mate preferences. Regardless of
theoretical perspective, the modal method for measuring mate preferences is by asking about
preferences in terms of their relative importance. However, in couple simulation, models that
treat mate preferences as relative rankings or ratings of importance perform poorly in

reproducing actual mate choices. This suggests that future research on mate preferences would
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be better served by measuring preferences as ideal values rather than as relative importances.
This is a potentially important observation in light of ongoing debate concerning the power of
mate preferences to predict real choices. Several studies have found inconsistent relationships
between stated mate preferences and actual mate choices (e.g., Joel et al., 2017; Kurzban &
Weeden, 2007; Li et al., 2013; Todd et al., 2007). However, these studies predominantly measure
mate preferences in terms of relative importance, which our results indicate have only an indirect
relationship with real mate choice. This measurement issue could thus account for some of the

apparent inconsistency within this literature.

This exploratory finding also suggests a need for further research on the ontogeny of
preferences. With some notable exceptions (e.g., sex differences: Buss, 1989; cultural factors:
Eagly & Wood, 1999; mating strategy: Kenrick et al., 1990), human mating research has been
largely agnostic as to how individuals come to adopt their specific set of preferences. What
research does exist largely focuses on contextual factors and neglects the development of
preferences within a person over time. Our results suggest that the ideal preferences a person
holds are at least partly a function of their mate value—and the mating experiences this
affords—and the relative importance of different mate value dimensions to them. The exact
process by which these factors interact to structure the development of preferences over time is
worth modeling in and of itself. This hypothesis—that ideal preferences are calibrated based on
experience and according to their relative importance—also leaves ambiguous what exactly
determines the relative importance of different preference dimensions. An appealing hypothesis
is that many of the individual difference and contextual factors that have been studied as

determinants of preferences (e.g., sex and mating strategy) are really determinants of relative
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priorities and these priorities, in interaction with mate value, dictate the ideal trait values people

prefer. However, this is just one possibility that we leave to future research to test.

Despite these important insights, this research is not without limitations. Some of these
limitations pertain to the application of the couple simulation method itself. For example, as we
are applying it here, couple simulation is necessarily retrospective: we are attempting to
reproduce mate choices participants already made in the past. In light of this, it is impossible to
know the extent to which people are adjusting their preferences to match the choices they have
made. While there is some evidence that preferences remain somewhat stable across the lifespan
(e.g., Bredow & Hames, 2019), other evidence suggests preferences shift somewhat toward
chosen partners as people initiate relationships (e.g., Gerlach et al., 2019). Such changes can be
accounted for within couple simulation if one has a model of how preferences adjust over time.
We did this here based on estimates from the prior literature (Gerlach et al., 2019; see
supplementary materials section S3). The effect of adjusting for potential changes in preferences
was relatively minor, with the exception of improving the performance of minimum threshold
models. Nonetheless, these analyses were based on change estimates from just a single study and
provide only imperfect proxies of the change of individual participants’ preferences over time.
Ultimately, the strongest evidence concerning the nature of mate preferences will come from
methods that apply the couple simulation method prospectively to assess the relative predictive

power of preferences measured prior to the initiation of romantic relationships.

Furthermore, couple simulation requires simulating participants as members of a single,
shared mating market. However, our participants were sampled from a national population and
are thus virtually guaranteed to not personally know one another. Our proof-of-concept models

suggest that this does not prevent accurate couple simulation—the method can still be fruitfully



WHAT IS A PREFERENCE? 54

applied even when couples are sampled from distinct subpopulations. Nonetheless, stronger tests
of mate preference models would come from applying couple simulation to samples of couples
from relatively closed mating markets, where each participant is known to have actually selected

among the other participants in the sample.

For simplicity, our models also assume limited individual differences at the level of
mating psychology. That is, while each participant is allowed their own mate preferences, all
participants are assumed in each model to have preferences in the same format. Nonetheless, it is
possible in principle that different participants hold different types of preferences—for example,
some participants holding ideal-type preferences whereas others having preferences that act as
thresholds. At an even further level of granularity, it is possible that different preference
dimensions exist in different formats. The space of possibilities is large, which is why we made
the simplifying assumption that all preferences and all people share a common preference
format. However, future research could develop and test hypotheses concerning variability in
preference formats across people or across preference dimensions. This could include identifying
contextual or individual difference variables that predict under what circumstances people
employ different types of preferences (e.g., perhaps people occupying larger mating markets are
more likely to adopt threshold-style preferences to increase search efficiency). Such hypotheses
would be easily testable in a couple simulation framework by generating agents that inherit these
contextual or individual variables from their corresponding participants and decision rules that

deploy the correct preferences for the agent’s context.

The relationship between simulation accuracy and relationship quality remains somewhat
mysterious in that it is not clear what information couple simulation is using to separate higher-

quality relationships from lower-quality relationships. Prior research has found that this
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relationship is not mediated by any of a variety of lower-level variables (e.g., mate preference
fulfillment, mate value, mate value discrepancies, etc. Conroy-Beam, 2021). Further research is
needed to determine what exactly separates accurately reproducible couples from inaccurately
reproducible couples in terms of their satisfaction, commitment, love, jealousy, and so on. The
binary nature of simulation accuracy applied here likely also belies subtler relationships between
simulation accuracy and relationship quality. That is, here each couple was either accurately
reproduced by a given model or was not, and so relationship quality can only be predicted in a
binary fashion. There may exist more continuous relationships, however, wherein more
predictable couples have higher relationship quality than less predictable couples and these
continuous relationships may be more useful for determining what information couple simulation
is capturing to discriminate on relationship quality. Such continuous relationships could be
identified by, for example, iteratively running couple simulation and forbidding incorrect
pairings from each prior iteration. The number of iterations required to accurately pair a given
couple can provide a continuous measure of simulation accuracy that may reveal more nuanced

relationships with overall relationship quality.

Other limitations concern more theoretical issues. For example, here we focused on
modeling actual mate choice using a resource allocation model. This model was chosen because
it was previously shown to outcompete several other candidate models in reproducing real mate
choices (Conroy-Beam, 2021). However, this is just one, incomplete model of human mate
choice. Other, more accurate models are sure to be discovered in time and these superior models

may interact differently with the models of mate preference and integration considered here.

Additionally, although we considered a somewhat large set of possible models of mate

preference and mate evaluation, this set is surely not exhaustive. The possibilities considered
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here are special only insofar as they represent hypotheses that have been popular within the prior
human mating literature. However, other possibilities could surely be conceived, some of which
may perform better than even the ideal value and distance function models. The models we have
applied here could also be implemented in alternative ways. For example, for the aspiration
threshold models, we prevented agents from eliminating all possible partners—agents instead
pursued the smallest non-zero set of threshold satisfying partners. This is a slight deviation from
prior conceptualizations of this model but was intended to improve model performance. If agents
were allowed to eliminate all partners, the overwhelming majority of agents would in many cases
have no viable partners (e.g., just 1% of possible partners have a non-zero mate value in the
aspiration range model if agents are allowed to eliminate all partners compared to 13.70% in the
chosen operationalization). Nonetheless, future researchers could consider alternative

implementation of these and all of our models that may perform in unexpected ways.

In general, in evaluating models of mate choice, it is helpful to remember the aphorism:
“all models are wrong, but some models are useful.” We have identified a subset of mate choice
models that have performed relatively well. But this does not mean that these models should be
accepted as accurate representations of the ground truth nature of human mate choice
psychology. Rather, they are hopefully valuable steps in a long-term process of hill-climbing
toward more accurate and more useful models of mate choice overall. Iteratively improving on
these models must be a continued goal of future research—and further couple simulation, mixing
new models of mate preferences, mate evaluation, and mate choice, can be one valuable tool for

achieving this cumulative progress.

It must also be stressed that although distance functions performed well here in

reproducing the sampled couples, that does not necessarily mean that the mind actually uses
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distance functions like the Manhattan distance to evaluate potential mates. This is a possibility,
but it could also be that the mind uses simpler heuristics that either use less information, use
fewer parameters, or both but are still able to approximate the performance of more complex
distance functions. If future research were able to specify such heuristics, they could be tested
against the functions modeled here using a couple simulation approach as well. Furthermore, it is
not necessarily the case that the mind uses all 16 dimensions of mate preferences measured here
(and surely uses some that were not measured here). Couple simulation could be used to narrow
down the set of preferences under consideration by iteratively testing models that assume smaller
sets of preferences and retaining only the smallest set that is required for high simulation
accuracy. In general, the couple simulation approach we have developed here has no inherent
penalty for model complexity; yet all else equal, simpler models should be preferable to more
complex models. Determining how to balance rewarding models for their simulation accuracy
while also penalizing them for their complexity is a worthwhile goal beyond the scope of this
paper. However, developing more accurate as well as more parsimonious models must be

parallel goals for future research.

Finally, our results contrast somewhat with those of some other recent studies—most
notably Brandner et al. (2020). While both studies found that distance models perform relatively
well, Brandner et al.’s results suggest better performance for weighted sum and sum models
whereas these models performed relatively poorly in our studies. This inconsistency is curious
and in need of explanation. An obvious candidate explanation is the difference in the underlying
task: whereas Brandner et al. (2020) asked participants to choose a hypothetical mate among

pairs of options, we reconstructed the mate choices of real people within complete simulated
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mating markets. These different tasks impose different demands on decision makers, likely

contributing to the difference in performance of the models we considered in common.

However, the distinct nature of these tasks might also reveal a sense in which these
results could be more complementary than they initially appear. Thus far, we have discussed
mate choice as though it is a relatively singular decision. But in reality, mating decisions happen
at multiple scales. While it is true that, when choosing a mate, a person is in principle choosing
that mate from among all of the people they know in their social network, it is also true that in
any given moment a person is likely choosing among a narrower set of options. That is, while
when choosing a mate, Emma may in the grand scheme compare Charles’s mate value against all
of her potential mates, at the same time, when choosing with whom to spend an hour of her day,
Emma can only choose among the potential mates immediately available to her. We have
modeled mate choice more in terms of this prior, broader task whereas Brandner et al.’s task may
better emulate the latter, moment-to-moment decision tasks inherent to mate choice. It is possible
that different forms of preferences are involved in regulating decisions at different scales, with
weight preferences regulating moment-to-moment decisions so as to achieve choices consistent
with ideal value preferences at broader decision scales. Testing this hypothesis will require
developing computational models that can integrate models of mate choice across different
decision scales, specifying how smaller, day-to-day decisions add up to broader overall

decisions.

Overall, these results take an important step toward answering a long-overlooked
question: what exactly is a mate preference? We offer a computationally plausible description of
what mate preferences represent in the mind: parameters of evaluation functions that generate

mate value estimates. We furthermore present across two dyadic studies evidence that these
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parameters are most plausibly conceived of as ideal values rather than as weights or thresholds.
This suggests the need for important revisions to both the nature of theorizing and measurement
concerning mate preferences and provides an important step further toward a more unified,

thorough, precise, computational model of human mating.
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