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Assortative mating for human height has long attracted interest in evolutionary biology, and the phenomenon has been demon-
strated in numerous human populations. It is often argued that mating preferences generate this pattern, but other processes can
also induce trait correlations between mates. Here, we present a methodology tailored to quantify continuous preferences based
on choice experiments between pairs of stimuli. In particular, it is possible to explore determinants of interindividual variations
in preferences, such as the height of the chooser. We collected data from a sample of 200 individuals from France. Measurements
obtained show that the perception of attractiveness depends on both the height of the stimuli and the stature of the individual
who judged them. Therefore, this study demonstrates that homogamy is present at the level of preferences for both sexes. We also
show that measurements of the function describing this homogamy are concordant with several distinct mating rules proposed
in the literature. In addition, the quantitative approach introduced here fulfills metrics that can be used to compare groups of
individuals. In particular, our results reveal an important disagreement between sexes regarding height preferences in the context

of mutual mate choice. Finally, both women and men prefer individuals who are significantly taller than average. All major findings

are confirmed by a reanalysis of previously published data.
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Mate choice has been recognized as the most important mech-
anism through which sexual selection influences evolution
(Andersson 1994). Individuals with trait values that increase their
probability of being chosen as a mate have higher reproductive
success, thus inducing direct selective pressure on traits influ-
encing mate choice (Darwin 1879; Andersson 1994). In addition,
mating patterns produced by mate choice also exert indirect ef-
fects through their influence on several genetic aspects. In partic-
ular, positive assortative mating (homogamy) on a trait increases
the homozygosity of genes that determine that trait. This in turn
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increases the genetic additive variance and inflates the additive ge-
netic covariance between all types of relatives (Lynch and Walsh
1997), thus influencing the response to selection.

The influence of homogamy on evolution has long attracted
interest, even in the very first papers on evolutionary biology.
In his 1889 book Natural Inheritance, Galton studied the inheri-
tance of several continuous traits in humans, mostly for eugenicist
motives. Stature was one of the traits he considered, because mea-
suring height was easy, cheap to measure, and replicable within
the same individual. In addition, he demonstrated that heights
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very closely follow a Gaussian distribution, which allows for an-
alytical analysis. To understand how height is inherited, Galton
compared statures between different categories of relatives. He
noted that similarities in height between relatives does result
from inheritance but can also be altered by mating patterns. To
quantify this later influence, he looked for potential departures
from random mating in a British sample of families. Galton did
not find stature similarities between mates, but Pearson and Lee
(1903), after collecting additional data, did find a positive cor-
relation between mates’ statures. These authors also developed
theoretical predictions on how assortative mating influences trait
evolution (see, e.g., Pearson 1897); unfortunately, their approach
was flawed because it was based on an incorrect theory of in-
heritance. A few years later, in his seminal paper The correlation
between relatives on the supposition of Mendelian inheritance,
Fisher (1918) accurately formalized the influence of assortative
mating on the process of inheritance, and using Pearson and Lee’s
data, he demonstrated that the principles of Mendelian inheritance
can explain the evolution of continuous traits.

Since Pearson and Lee’s study (1903), height correlation be-
tween mates has been described in many other human populations
(for a review, see Spuhler 1982). All these situations are said to
correspond to assortative mating patterns, which are a property of
the population, but this does not necessarily imply that individuals
choose their mates according to their own height. For example,
competition for mates could itself generate assortative mating pat-
terns even if preferences are invariant in the population. Suppose,
for instance, that everyone prefer to mate with a rich mate, then
rich people will mate together, and poor people will mate with
poor mates as a last option. Similarly, correlation between mates
stature may actually result from a shared preference for tallness
associated with an advantage induced by tallness. Such an advan-
tage is well documented for many mammals (Lindenfors et al.
2007). Assortative mating patterns may also be observed in the
total absence of any preference for height if heights differ between
subpopulations. Local divergences of stature may indeed induce
a spurious correlation between mates observed at the population
level if the population structure in overlooked (as in a Wahlund
effect in population genetics).

For these reasons, it is necessary to study individual prefer-
ences to understand mate choice. In comparison with other traits
such as waist to hip ratio or body mass index, which have been
extensively surveyed (Weeden and Sabini 2005), there are, to our
knowledge, only 13 studies evaluating individual preferences for
height. Overall, there is a good consensus on a female preference
for tall men and an agreement that this preference seems to be
influenced by the female’s height. Several but not all of these stud-
ies indeed showed that the height of a woman’s preferred mate is
positively correlated her own height. In addition, the preferred dif-
ference in stature is higher for short women than for tall ones (see
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Table 1 for a summary of female studies). In men, mating prefer-
ences for height are less clear. Men seem to prefer women shorter
than themselves, but authors make different conclusions that short,
medium, or taller than average women are preferred overall. Sev-
eral studies also report no preferences for mate height in men.
Nonetheless, a man’s height preferences seem to be influenced by
his own height: the taller a man is, the taller the woman he prefers.
Lastly, the preferred difference in stature is smaller for short men
than for tall ones (see Table 2 for a summary of male studies).

Three main rules have been proposed in the literature to de-
scribe the influence of the focal individual’s height on his/her
preferences: (1) women prefer men taller than themselves, or re-
ciprocally, men prefer women shorter than themselves (hereafter
referred to as the male-taller norm, Gillis and Avis 1980), (2) both
women and men prefer mates who resemble themselves (here-
after referred to as the matching hypothesis, see e.g., Kurzban
and Weeden 2005), and (3) each person prefers a partner whose
stature is close to the average population values and whose height
difference is close to the average population dimorphism (here-
after referred to as the Pawlowski rule, Pawlowski 2003).

Here, we propose that the height preference of a focal indi-
vidual, given his/her own height, could be described by a simple
homogamy preference function, for each sex. The preferences of
individuals can then be quantitatively described by the parameters
defining this function. We present an empirical measurement of
these parameters and suggest that this quantitative approach re-
veals important, but neglected, aspects of height preferences that
may have important evolutionary consequences.

Methods

We used experimental mate choice to measure height preferences.
Focal individuals (hereafter called judges) were presented two
stimuli with different heights and asked to choose the one they
preferred. This procedure was repeated several times for each
judge.

THE STIMULI

We used an approach proposed by Courtiol et al. (2010) to de-
sign stimuli with controlled height and body masses based on
pictures of real individuals. More precisely, silhouettes were ex-
tracted from pictures of 50 females and 33 males, and the contours
of these silhouettes were approximated using elliptic Fourier de-
scriptors (Kuhl and Giardina 1982). The coefficients of these
descriptors were then related to the morphological characteristics
of the pictured individuals for each sex using a multivariate linear
model. This allowed us to use this model to predict the average
Fourier coefficients for a given set of individual characteristics
and to create the corresponding silhouettes using inverse Fourier
transforms.
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MEASURING MATING PREFERENCES FOR HEIGHT

Figure 1. Example of one pairwise comparison shown to a male judge. The judge (shown in the center) has to decide which is the most

attractive stimulus among the two female stimuli on each side.

We traced 16 symmetric silhouettes with different heights but
constant body mass index (BMI) for both females and males. The
waist-to-hip ratio (WHR) was not explicitly constrained because
WHR measured on pictures is highly correlated to BMI (data not
shown). Examples of such stimuli are shown in Figure 1. Appar-
ent stimulus height ranged from 157 cm to 177 cm in 1.33 cm
increments for females, and from 160 ¢cm to 190 cm in 2 cm in-
crements for males; these ranges correspond to 95% of the height
range of the subjects in the original pictures upon which the stim-
uli are based. The stimulus BMI was fixed as the average of the
pictured individuals (22.2 kg m~? for females and 25.3 kg m~—2
for males).

JUDGES

Judges were recruited in several public places during the winter
and spring of 2008 in Montpellier, France. They were asked for
their height, age, household income, and whether they were in a
relationship or not. To eliminate some possible sources of vari-
ation in preferences between subjects, postmenopausal females,
and individuals who were not heterosexual, were not considered
in our analyses. Similarly, to reduce culturally based variation in
preferences, we did not consider people with any non-European
grandparent. In addition, 13 individuals were excluded because
they did not report information concerning variables of interest,
leading to a final set of 187 judges (95 females and 92 males).

EXPERIMENTAL MATE CHOICE
Software written in C++ using the Qt toolkit for graphical design
was developed to present the stimuli to judges on a laptop. A

judge had to indicate which of two stimuli of the opposite gender,
which differed only in height, he/she found the most attractive.
The two stimuli were always displayed surrounding a reference
stimulus that matched the judge’s sex and height (Fig. 1).

As most judges were only willing to engage in a relatively
short experiment, we performed a sampling strategy to select
which pairs of stimuli to show to each judge using the merge sort
algorithm (Knuth 1998). This algorithm presents pairs of stimuli
until a judges choices allow it to completely sort the 16 stimuli.
It therefore allows the program to extract the same amount of
information on preferences for each judge. The algorithm lowers
the number of presented pairs by assuming that the choice is
transitive, which allows it to deduce which stimuli a judge would
have chosen for some of the comparisons based on the judges
previous choices. In our experiment, a complete sort using this
algorithm required on average 45.6 & 1.8 comparisons per female
and 44.0 £+ 3.0 per male, where the total number of possible
pairwise comparisons using 16 stimuli is 120.

STATISTICAL ANALYSIS

Each judges choices can be expressed as a variable that indicates
whether the taller stimulus was chosen (outcome = 1) or not
(outcome = 0). The aim was to create a statistical model that
predicts the respective probabilities of these two outcomes as a
function of the stimulus heights. We will consider that judges’
choices involve two steps: first, judges give each of the two stim-
uli a unique preference score based on their respective heights,
and second, they choose a stimulus based on these scores. Thus,
analyzing judges’ choices requires that we define two functions:

EVOLUTION 2010 5
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one that relates preference score to stimulus height, and another
that relates the probability of choosing one of the two stimuli to
preference scores. Describing the outcome of pairwise compar-
ison by a preference and a choice function has been introduced
by Kirkpatrick et al. (2006). Note that judges only express choice
outcomes, not their preference scores that may be considered as
internal representations.

The preference function

The preference function provides a preference score for each
stimulus. The preference score of a judge n has been expressed
directly as a function s, of the stimulus height x, as this is the only
trait that differs between stimuli. We considered here a quadratic
preference function

$2(xX) = ax? + Bux + ki (1

We assumed that the quadratic coefficient « is not influenced
by individual characteristics and is thus a common coefficient
for all judges of a particular sex. This guarantees that a judge’s
preferred height is a linear function of his/her own height (see
below). To study how a judge’s preference depends on his/her
own characteristics, we defined the linear term B, as a function
of the judge’s height %,. To limit potential bias caused by other
characteristics of the judge that can influence preferences, B, is
also a function of the judge’s age (a,), household income (i),
relationship status (m,), and all interactions between these three
variables and %,,. Of course, some characteristics that we have not
measured may also influence our judges’ preferences. We account
for this by adding a random effect z, to each g,

Bn = bo + bf hy + b a, + bl i, + b} m,
+b§ ayhy + b iyh, + by muhy, + 2, @)

where the by term corresponds to the common slope of the linear
term of the preference function, the b; terms correspond to the
main effects of the judges covariates, the b, terms correspond
to interactions between the judge’s height and the judge’s other
covariates, and z,, is the realized value of a random effect drawn
from a Gaussian distribution with a mean of zero and the between-
judge variance ci. All parameters (bg, by, and b,) are the same for
all individuals of the same sex, but B, will differ because judges
have different values for their covariates and z,,.

The choice function

We model the probability p,;; that a judge n chooses a stimulus
J against a stimulus j* as a function g of that judges preference
scores

Prjj = g(sn(xj)v sn(xj/))~ 3)

This function must return values between 0 and 1, and
$u(x;) > s,(x;) mustimply that g(s,(x;), s,(x;)) > 1/2.This con-

6 EVOLUTION 2010

dition corresponds to the case of a strict preference as defined by
Kirkpatrick et al. (2006). This condition guarantees that a choice
is transitive. The relative choice function, frequently used in the
literature, satisfies these assumptions (Kirkpatrick et al. 2006). In
our situation, this function would be defined as the ratio between
the score of the taller stimulus and the sum of the scores of the
two stimuli compared. For statistical convenience, we modified
this function by expressing the scores in their exponential forms

esn(xj-)
g(Sn(Xj), Sn(xj')) = m 4
1
Q)

T e

The choice function then becomes a univariate function f of the
difference in preference scores

Prjj = fsn(x)) — sa(x;1)). (©6)

The function f is widely used in statistics and is known as
the logistic function (see Fig. 2). Many other functions satisfy
the criterion mentioned above, including the cumulative density
function (cdf) of the ¢-distribution. This function (hereafter called
the inverse Gosset function) has an additional parameter v that
corresponds to the degree of freedom of the 7-distribution, which
makes it more flexible than the logistic function. For example,
when v = 1, f corresponds to the cdf of the standard Cauchy
distribution; when v = 0o, f corresponds to the cdf of the Gaussian
distribution. Figure 2 illustrates how v impacts the shape of this

function.
1.00 — e
Inverse Gosset e
0.25 .
0.5 //
0.75 — 1 {
oo !
1
I
~ 1
5 050 — v ’:
I
(i
[ B
1
0.25 — f
1
/
4 .
.’ : - - - Logistic
0.00 — === s i | |
-10 -5 0 5 10

sn(X)) = sn(Xy)

Figure 2. Choice functions. Each function describes the probabil-
ity of choosing stimulus j over j’ as the function of the difference
in preference scores between these two stimuli.
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Model fit

Equations (1) and (6) were combined to express the probability
that a judge n chooses stimulus j against stimulus ;' as a function
of the stimulus heights

P = f(a(x] —x3) 4+ Ba(x; — x;)). 7

In statistical terms, this equation describes a general linear
model (GLM) for a binary response. If equation (7) is taken
as describing a GLM, the function f corresponds to the inverse
of the link function (McCullagh and Nelder 1989). When f is
the logistic function, the resulting link function is the logit, and
when f is the cdf of the r-distribution, the corresponding link
function is called the Gosset link (Koenker and Yoon 2009). In
particular, when v = 1, this is equivalent to the cauchit link,
and when v = o0, it is the probit link. The utility of expressing
mate choice as a GLM is that the parameters o and f, can be
easily estimated by fitting the previous model using general tools
already available in several statistical software. Here, all statistical
analyses were performed using R 2.8. To implement the Gosset
link, we followed the method presented by Koenker (2006); the
logit, cauchit, and probit link functions are all available in R-base.
Also, note that because female judges and male judges evaluated
different stimuli, the two sexes have been analyzed by different
GLMs.

As the term B,, involves both fixed effects and a random term,
the previous GLM corresponds more precisely to a generalized
linear mixed effect model (GLMM), which we fit using the func-
tion glmmPQL() of the MASS package for R (Venables and Ripley
2002). This function relies on a penalized quasi-likelihood param-
eter estimation, which is known to present several drawbacks in
comparison with other methods (Bolker et al. 2009). Still, this
tool enables to consider that each choice made by a judge de-
pends on the choices that this judge has previously made. This
relaxes the important assumption of strict preferences. Indeed, an
autoregressive model revealed significant autocorrelation in our
data. We used a fourth-order ARMA model to control for most of
the autocorrelation using the function corARMA(p=4) of the nime
package (Pinheiro et al. 2008). This step required us to consider
an additional variable that indicates the position ¢ of the compari-
son involving the stimuli j and ;' in the sorting sequence, to define
B, (which therefore should be called B,,, but this detail is omitted
for simplicity).

As we have no a priori idea about the actual choice function,
we ran our analysis using the logistic function and the inverse
Gosset function with a range of values for v. Unfortunately, the
glmmPQL() procedure used to fit the GLMM uses a penalized
quasi-likelihood based method. This makes it impossible to select
the best-fit choice function using the maximum likelihood cri-
terion. Instead, we chose a function that minimizes the variance

within judges c,zu. This leads us to choose an inverse Gosset choice
function with v values smaller than unity. As small v values cor-
respond to flat functions (see Fig. 2), problems with convergence
can occur during the GLMM fit. Hence, results obtained using
other parameter values are also presented. To some extent, this
also enables us to analyze the robustness of the preference func-
tion estimates when different choice functions are considered.

Estimation of the parameters of the homogamy
preference function

Once estimates of the model parameters are obtained, the pre-
ferred height of each judge n can be predicted as —%, with &
and [3,, the best estimates are obtained for o and B, respectively.
As B, has been defined as a linear function of a judge’s height,
it follows that a judges preferred height is also a linear function
of h,. Expressed in terms relative to the average judge’s height

(hereafter, called /), estimation of the preferred height becomes

— % = a(hy — h) + G, ®)
(o)

where {r,, and &, are, respectively, the estimated slope and inter-
cept of the homogamy preference function for judge n. The value
of s, indicates how much preferred height increases when the
height of the judge increases by 1 cm. The value of &, has been
scaled to represent the preference of a judge whose height is /.
ﬁf,l and ®, can be computed as

$_M+%%+@m+@m
" 28

(C))

by + b9 a, + b} i, + 67 m,

(I)n = {l}nljl + 24

(10)

The estimates ﬁf” and ®, correspond to the set of by, b;, and
b, that best fit our data. Of course, parameter values that are close
to the best set of parameters will yield a comparable fit. However,
if very different values were equally good, our estimates s, and
&, would not be very precise.

We estimated the precision of our estimates by computing
confidence intervals for fo and ®, which were deduced from the
intervals that the GLMM procedure provides for by, b, and b,.
To do this, 200,000 sets of bj, b}, and b5 were obtained by adding
to 60, by, and b, a random value drawn from a multivariate -
distribution using the covariance matrix of parameter estimates
provided by glmmPQL. These randomly drawn parameter values
were then combined with the average characteristics of judges to
produce the random values " and &'. The value of z, was fixed
at zero (by setting the level argument to zero when using the
predict.Ime() function) so that our confidence interval would in-
corporate all variance due to random effects. The covariate in-
dicating the position of the pairwise comparison was set to 1 so
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that we predict each judges choice independently of that judges
previous choices.

We then determined joint confidence intervals for { and &
from the 200,000 sets of ' and &'. For that purpose, we used the
function kde2d() from the package MASS (Venables and Ripley
2002). Technically, this function provides a two-dimensional
kernel density estimation with an axis-aligned bivariate normal
kernel evaluated on a square grid. We set the grid dimensions to
100 x 100.

Explanatory power of the model

To assess the quality of our predictions, we first compared the
actual choices made by our judges to the probabilistic prediction
associated with each pairwise comparison. Concordant matches
are situations in which the chosen stimulus was the one that had
the highest predicted probability. Other cases were labeled as
discordant. The quality of fit can be measured as

_C-D

= —, 11
C+D b

v

where C and D are the numbers of concordant and discordant
matches. This is similar to Goodman and Kruskal’s statistic
(Sheskin 2007). A null y means that there are as many concordant
matches as discordant ones, that is, that model offers no explana-
tory power. When y = 1, the model correctly predicts all actual
choices, and its explanatory power is maximal. We computed y
for the model with all covariates and for different submodels with
some covariates removed as well. This allows us to estimate the
relative influence of each covariable in our model.

We also estimate the quality of our model predictions by
comparing how judges rank the 16 stimuli to the rankings pre-
dicted by the model. This ranking was obtained using “virtual
judges” whose preferences and choice functions correspond to
those adjusted for each real judge. For each comparison proposed
by the merge-sort algorithm, these judges made random choices
according to the probability predicted by the model. This proce-
dure was repeated 100 times for each virtual judge to obtain the
predicted distribution of ranks for each stimulus height.

Results

JUDGES CHARACTERISTICS

Of the 95 females sampled, 30 were students, 69 were involved
in a relationship, the median age was 26.0 years (mean &+ SD:
27.4 £ 6.9, range: 18.1 — 53.2), the median height was 165.0 cm
(mean £ SD: 165.3 £ 6.0, range: 147 — 178), and the median
BMI was 20.9 kg m~2 (mean & SD: 21.0 £ 2.3, range: 16.2 —
29.0). Among the 92 males of the dataset, 19 were students, 68
were involved in a relationship, the median age was 30.8 years
(mean £ SD: 33.0 £ 10.9, range: 16.8 — 63.7), the median height
was 178 cm (mean &+ SD: 177.7 £ 7.3, range: 160 — 194), and the
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median BMI was 23.1 kg m~2 (mean + SD: 23.3 & 2.7, range:
18.9 — 32.1).

INFLUENCE OF STIMULUS HEIGHT

ON EXPERIMENTAL MATE CHOICE

Stimulus heights influenced mate choice for both male and female
judges (Pearson’s chi-square test with simulated P-value based on
10,000 replicates, for masculine stimuli: X2 =3467, P <0.0001;
for feminine stimuli: X> = 568, P < 0.0001) (Fig. 3A,B). Most
female judges ranked the tallest stimuli first and the lowest median
of rank distributions for each stimulus height corresponds to a 190-
cm-tall male. Male judges have more variable preferences, with
six different stimuli equally voted the lowest median rank (namely,
the 165, 166.33, 167.67, 169, 170.33, and the 173 cm stimuli).
Among them, the 167.67 cm stimulus was ranked first according
to the majority judgment method of classification (Balinski and
Laraki 2007).

THE PREFERENCE FUNCTION

The preference score was modeled as a quadratic function of stim-
ulus height. In both sexes, estimates of the quadratic coefficient
significantly differ from zero, which means that the quadratic
model fits the data better than a linear preference function (z-test
on &: for females t = —28.8, df = 4232, P < 0.0001; for males
t=—18.5, df =3950, P < 0.0001).

We also considered judges’ preferred height to be a linear
function of their own stature. The homogamy preference func-
tion is then characterized by the slope of this function, which
describes how preference for height increases when the judge’s
height increases by 1 cm, and also by its intercept, which is scaled
to represent the preferred height of a judge of average height (see
egs. 9 and 10). The best-fit model has a slope of 0.77 (C1 95% =
0.51-1.03) and an intercept of 182.9 cm (C195% = 181.3-184.6)
for females judging masculine stimuli, and a slope of 0.60 (CI
95% = 0.37-0.84) and an intercept of 167.7 cm (CI 95% =
166.1-169.4) for males judging feminine stimuli.

Homogamy preference functions are illustrated in Figure 4A.
Situations for which both heights within a couple match the re-
spective preferences of each partner are scarce. This only oc-
curs when both partners are much taller than average (zone 3 in
Fig. 4B).

THE CHOICE FUNCTION

Some of the possible choice functions (e.g., the logistic or the
Gaussian cdf choice functions for females) could not be used
here because they prevent convergence during the fit procedure.
Among the other possible choice functions, the best-fit function,
defined as the one that minimizes the within-judge error (see
Methods), is the inverse Gosset function with a value of v of
0.528 for females and of 0.257 for males.
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Figure 3. Distribution of ranks obtained at the end of the merge-sort procedure. For each combination of rank (y-axis) and stimulus
height (x-axis), the circle area is proportional to frequency. The scale used to define circle areas is the same for the four graphics of the
panel. Crosses represent the median of rank distributions for each stimulus height. Ranks have been measured using actual decisions
made by the judges (A and B) or from stochastic decisions predicted by the mate choice modeling (C and D). See text for details.

Table 3 illustrates how the choice function influences esti-
mates of the preference function parameters. For example, us-
ing an inverse Gosset choice function with a v of 0.25 leads to
the conclusion that female preference does not statistically differ
from the average male height. Using the best-fit function instead
(i.e., fixing v to 0.528), female preference is significantly higher
than the average male height. Overall, results are more robust
with regard to variations in choice functions for males than for

females.

PREDICTIONS OF EXPERIMENTAL MATE CHOICE
OUTCOMES

The combination of adjusted preference and choice functions al-
lows us to predict judges’ choices during the experiment (see

Methods). Figure 5 represents this prediction for a male or a fe-
male virtual individual with average characteristics (age, stature,
income, and relationship status).

Using model parameter estimates, it is also possible to predict
the probability of the outcome of each pairwise comparison per-
formed by each judge. Concordant pairs, that is, pairs for which
the stimulus with the highest probability has been chosen, repre-
sent 77.1% and 66.8% of all pairwise comparisons performed by
female and male judges, respectively. The corresponding reduc-
tion in error compared to random choice (i.e., Y, see Methods)
is 54.3% for females and 33.6% for males (Table 4). The good
agreement between the model and the data can also be assessed
by comparing the median predicted rank for each stimulus to its
actual median rank: the Pearson correlation is p = 40.96 for
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Figure 4. Estimation of the linear homogamy preference functions in both sexes. (A) Gray area labeled by the female symbol: male
height preferred by females (y-axis) as a function of the female’s height (x-axis). Gray area labeled by the male symbol: female height
preferred by males (x-axis) as a function of the male’s height (y-axis). Areas represent the 95% confidence intervals of best preference
estimations. The dotted line represents the perpendicular bisector. (B) Same figure identifying how partners perceive each other within
a couple compared to average preferences. Each point on the graph represents a couple, as characterized by the heights of the people
involved. In zone 1, the female’s preference is satisfied but she is perceived as too short by her male partner. In zone 2, the male’s
preference is satisfied but he is perceived as too short by his female partner. In zone 3, both preferences are satisfied. In zone 4, the male
is perceived as too tall, whereas the female is perceived as too short. In zone 5, both partners find each other too short. In zone 6, the
male is perceived as too short and the female as too tall.

Table 3. Influence of the choice function on parameter estimates of the homogamy preference function. For the inverse Gosset function,
the shape parameter (v) is indicated. ¢, corresponds to the estimated within-judge error standard deviation. N.A., no convergence of
the model.

Sex Choice function Intercept (cm) CI95% Slope CI95% Ow
Female Inverse Gosset
v=0.528 182.94 181.31 184.59 0.77 0.51 1.03 0.729
v=0.25 179.54 177.56 181.66 0.50 0.21 0.81 0.866
v=0.50 180.94 179.15 182.91 0.64 0.40 0.89 0.832
v=0.75 183.43 181.70 185.16 0.85 0.57 1.13 0.736
v=1.0P 184.9 182.16 187.66 0.81 0.37 1.26 0.872
v=00¢ N.A. N.A. N.A. N.A. N.A. N.A. N.A.
Logistic N.A. N.A. N.A. N.A. N.A. N.A. N.A.
Male Inverse Gosset
v=0.257% 167.74 166.10 169.36 0.60 0.37 0.84 0.862
v=0.25 167.32 165.75 168.89 0.62 0.39 0.86 0.864
v=0.50 167.51 166.00 169.01 0.65 0.45 0.87 0.897
v=0.75 167.71 165.83 169.67 0.63 0.35 0.94 0.952
v=1.0P 167.72 165.77 169.61 0.66 0.37 0.96 0.955
v=00° 167.55 165.57 169.50 0.73 0.44 1.04 1.078
Logistic 167.59 165.57 169.56 0.73 0.43 1.04 0.969

2Values minimizing o .
bEquivalent to a cauchit link.
¢Equivalent to a probit link.
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Figure 5. Model estimates of the probability (p,;) that a stimulus of height x; will be chosen when compared to a stimulus of height
Xj. This choice probability is predicted for a female (A, B) and male (C, D) judges with average characteristics. For clarity, two different
visual representations of the same data are given in each row: the three-dimensional plot and the corresponding contour plot.

females and p = +0.93 for males, with P < 0.0001 in both cases
(compare Figs. 3C and D with Figs. A and B).

Overall, the predictive power of the model is increased by
less than 5% for females and less than 15% for males when the
judges individual characteristics are taken into account. The in-
fluence of the different judges characteristics are given in Table 4.
Note that the percentage of concordant pairs should increase as
long as new variables are included in the models, but convergence
approximations introduce some noise, precluding this observa-
tion. In both females and males, height is the characteristic that
contributes the most to the explanatory power of the model. In-
teractions between height and other characteristics do not seem
to substantially increase the quality of the prediction.

Discussion

EVALUATION OF THE METHOD

Previous experimental studies of mating preferences for height
(summarized in Tables 1 and 2) consisted of asking individuals

to report their preferred height (stated preferences), to indicate
the attractiveness of a given stimulus (attractiveness rating), or
to choose their favorite stimulus among several (single attrac-
tiveness choice). Here, we studied mating preferences based on
pairwise comparisons of stimuli, as is usually done to study mat-
ing preferences in nonhuman animals (e.g., Ryan et al. 2003). This
methodology is probably closer to real mate choice situations than
protocols using stated preferences or quotations. Still, we admit
that, in real life, actual partners encounter processes probably
greatly differ from simple choices between pairwise alternatives.

To analyze our data, we considered that the mate choice
process obeys what Kirkpatrick et al. (2006) called “strict prefer-
ences,” and that it can thus be decomposed into two distinct steps:
(1) judges attach a preference score to each stimulus that depends
only on its characteristics, (2) judges choose one of the two com-
peting stimuli based on their respective preference scores. The
first step involves a preference function that relates the stimu-
lus’ characteristics to its score. The second step involves a choice

EVOLUTION 2010 11
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Table 4. Influence of judges’ characteristics on model predic-
tions. The different judge’s covariates are: judge’s age (a,), house-
hold income (i), relationship status (m), judge’s height (h,), and
all interactions between the three first variables and h,,. The “base
model” includes all parameters independent of judge’s character-
istics. The dots (. ..) indicate that the model is an extension of the
model given in the row above. C provides the percentage of pair-
wise comparisons in which the stimulus with the highest predicted
probability of being chosen is actually chosen. y corresponds to a
measure of the explanatory power of the model (with y=0 for a
null power, and y=1 for a maximal power). To enhance conver-
gence, the Cauchy choice function has been used on all models,
except for models labeled with the # symbol, which correspond to
models fitted with the inverse Gosset choice function parameter-
ized with their optimal v values. ¢,, corresponds to the estimated
within-judge error standard deviation, and ¢, corresponds to the
estimated between-judge standard deviation of the random term
(see Methods for details).

Sex Model C(%) vy Ow op
Females Base model 76.2 0.524 0.873 0.342
...}a, 76.4 0.528 0.869 0.353
oty 76.4 0.528 0.872  0.340
e tmy, 76.4 0.528 0.900 0.318
... +h, 77.9 0.557 0.866 0.311
...Fa,h, 78.0 0.560 0.864 0.312
<o Finhy, 78.1 0.561 0.866 0.303
. .+myh, 77.6 0.552 0.872 0.291
. 77.2 0.543 0.729 0.154
Males Base model  60.5 0.211  0.958 0.215
...}a, 60.6 0.213 0958 0.216
.ty 61.9 0.238 0.957 0.213
et my, 62.3 0.247 0.957 0.213
... +h, 67.5 0.350 0.954 0.183
... +ayh, 67.4 0.348 0.954 0.181
.. Fihy, 67.3 0.346 0954 0.180
. .+myh, 67.2 0.344 0.955 0.178
L 66.8 0.336 0.862 0.351

function that guarantees that the most preferred stimulus has a
higher probability of being chosen than the least preferred.

Using this framework, we developed a statistical approach
that enables to directly obtain parameter estimates of preference
functions from binary data. It provides a precise quantification of
preference as a continuous function of the ornament dimension.
Although we applied this methodology in the context of human
mating preferences, the same method could be applied in very
different contexts. Concerning mate choice, obtaining empirical
estimates of preference functions is of particular interest because
such functions are at the core of the main theoretical models of
evolution of mating preferences (e.g., Lande 1981; Price et al.
1993; Iwasa and Pomiankowski 1999).
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In the present context, this methodology allowed us to quan-
tify how preferences vary according to stimulus height for a given
individual, which gives information that cannot be obtained from
single attractiveness choices. In addition, our statistical approach
allowed us to relax two major assumptions. First, we considered
that preferences can differ between judges because of their mor-
phological or sociological differences (but note that any other
covariate could have been used in the model). Second, we consid-
ered that a given comparison can be influenced by comparisons
performed by the judge earlier in the experiment.

Of course, this method still suffers from some limitations.
First, we have assumed that the preference function is quadratic
with the same curvature for all judges within one sex. We have
also assumed that the judges characteristics have a linear effect
on their preferred height. In addition, although we considered dif-
ferent mate choice functions, they are all derived from two choice
functions, namely the logistic and the inverse Gosset functions.
Finally, we assumed that the judges’ choices are transitive. This
assumption is central for “strict preference” to hold (Kirkpatrick
et al. 2006). It is also central in the merge-sort algorithm used in
this experiment to reduce the number of experimental choices that
judges had to perform. Despite all these assumptions, our model
fits the data much better than a null model with random choice.

PREFERENCES FOR HEIGHT

The quadratic shape of preference functions

Based on studies on height and reproductive success, Mueller and
Mazur (2001) proposed that female preference for male height
should be positively directional and unconstrained, meaning that
a woman’s preference scores should always increase with a male
judge’s height. Conversely, Nettle (2002a,b) argued that in both
sexes, mating preference functions could be better described by an
inverted U-shape. Here, we found that for both sexes, an inverted
U-shape fits our data significantly better than a simple linear
relationship. This firmly demonstrates the presence of a ceiling
effect on preferences for both sexes, and it does not support an
unconstrained directional preference for male height.

For both sexes, our “base model,” which does not take into
account the judge-specific effects, fits our data much better than
a null model in which mate choice is random. The quality of the
fit can be further increased by taking into account the variability
introduced by morphological and sociological differences among
judges. This latter gain in fit quality, although moderate compared
to the initial improvement, is highly significant.

Our statistical analysis also allows us to estimate the pre-
ferred height for both women and men while taking into account
the variability introduced by individual differences. These esti-
mates correspond to statures of 183 cm and 168 cm for males and
females, respectively. Hence, both sexes appear to prefer heights
that are significantly above the sample means, although not
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extremely so. More precisely, females are predicted to prefer
males 3.5-6.9 cm taller than average male height, and males are
predicted to prefer females 0.8—4.0 cm taller than average fe-
male height (based on 95% confidence intervals estimation, see
Methods).

Our conclusion that females prefer men who are taller than
average but are not extremely tall has already been proposed
several times. It is sometimes referred to as the “central tendency”
(Ellis 1995). However, the same conclusion has not been proposed
for men in previous studies, although it is possible to deduce male
preferences from some of these studies. For example, based on
data presented by Beigel (1954), we found that the preferred
height for men is slightly above the average height. The same
conclusion is reached when looking at the second part of the
study of Salska et al. (2008).

Homogamy at the level of preferences

We also assessed how a judge’s height influences his/her most
preferred height. This influence can be described as a homogamy
preference function, which was assumed here to be linear. For
both sexes, the preferred height significantly increases with the
judges’ height: the taller the judge, the taller his/her preferred
mate. Hence, the homogamy that is often reported as a mating
pattern observed at the population level can also be detected in
individual preferences.

Homogamy at the individual and population levels are re-
lated but not identical. First, the actual outcome of this choice
is potentially influenced by preferences expressed in both sexes
that seem to disagree in our case (see below). Second, processes
other than mate preferences can also influence the actual mate
choice and thus lower the influence of preferences on the out-
come of mate choice, such as competition for mates, availability
of potential partners, or the encounter process of mates (see e.g.,
Gimelfarb 1988a,b). Additionally, the actual mate choice does not
indeed rely on preferences for height only, but rather on numerous
traits (see e.g., Buss 1989). Therefore, it is not surprising that the
slope estimates of the homogamy preference function obtained
here are much larger than the slopes of the regression between
mates’ heights in actual couples (Spuhler 1982; McManus and
Mascie-Taylor 1984).

From an evolutionary perspective, the fact that preferences
are function of judge’s height can induce complex consequences.
For instance, it might seem straightforward to interpret preference
for intermediate heights as an indication of stabilizing selection
(Mueller and Mazur 2001). This is indeed a possibility, but in
the presence of homogamy preferred stature should vary together
with height. Predictions are then hard to make, unless the details
on how selection operates on both preferences and height are
known.

Preference rules

Three rules have been proposed in the literature to describe how
height influences preferences (see Introduction). These rules can
be formulated as particular cases of the linear homogamy prefer-
ence function. It is therefore possible to test each of them using
our dataset and our modeling framework. First, the present model
is consistent with the male taller norm rule because it indicates
that females do prefer males taller than themselves, and males do
prefer females shorter than themselves (see Fig. 4). Using 95%
confidence intervals on the parameters of the homogamy prefer-
ence function, we can define ranges of preferred height based on
a given judge’s height: 100% and 96% of predictions are concor-
dant with the male taller norm for females and males, respectively.
Second, both females and males do prefer partners whose height
is correlated with their own height, which is consistent with the
matching rule. For both sexes, this rule is satisfied for 100% of
the predictions because the slopes of the homogamy functions are
positive and the confidence intervals exclude zero. The hypothesis
of a strict homogamy where the slope would be one is rejected
for males, but not for females, even if only 1.6% of the slope es-
timations are greater or equal to one in this later case. Finally, we
found that preferred dimorphism is influenced by judges heights,
consistent with the Pawlowski rule: when the judge’s height in-
creases, preferred dimorphism decreases in females and increases
in males. Here, 98.4% and 100% of the predictions agree with
this rule for females and males, respectively.

The predictions obtained are therefore simultaneously con-
sistent with all three preference rules, which means that these rules
are not mutually exclusive and may therefore not actually corre-
spond to distinct psychological mechanisms. They could rather
reflect different aspects of a single homogamy preference func-
tion that have been approximated here by a linear relationship
between preferred height and judge’s height.

SEX DIFFERENCES

Sex differences in the choice function

A pivotal aspect in our modeling approach is that it requires a
choice function to be defined before fitting the preference function
to the data. Among the two functions that have been tried, the best
one is the inverse Gosset. This function has a parameter that was
adjusted independently for females and males. The parameter
estimate is lower for males than for females. This means that for
the same difference in preference scores, our models predict that
females will display a more pronounced choice than males (see
Figs. 2 and 5).

This difference could reflect a true biological difference in
choosiness between sexes. For instance, if mate choice relies less
on height for male judges than for female ones, decisions are
expected to be more prone to stochastic errors in males than in
females. Accordingly, measurement of intraindividual variance
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shows that choices of a given individual tend to be more vari-
able in males than in females. A possible evolutionary interpre-
tation would be that male’s height can be more strongly asso-
ciated with direct and/or indirect benefits. Allocation trade-offs
between height and other preferred characteristics could also dif-
fer between sexes. Furthermore, it is possible that selection acts
only on females but that genetic correlation between females and
males leads males to express preferences for height too. If this
correlation is imperfect, this could also explain sex differences in
choosiness. These sex differences could explain why the litera-
ture focusing on male mating preferences seems to be inconsis-
tent, while most studies on female preferences yield comparable
conclusions (compare Tables 1 and 2). Of course, this difference
between males and females might also be due to a statistical ar-
tifact. For example, this could happen if our statistical model is
correct for females but poorly describes the preference function
in males.

A sexual disagreement in preferences

Because males are taller than females and females prefer men
taller than average, the dimorphism preferred by females is above
average. Conversely, males prefer females who are shorter than
themselves but taller than average. Therefore, they prefer females
that are less dimorphic than average. This sexual difference on
preferred dimorphism is large: the ratio between the preferred
and average difference in stature ranges from 1.28 to 1.54 in
females, and from 0.61 to 0.91 in males. Therefore, this yields a
potentially important disagreement between sexes over preferred
dimorphism.

Few previous publications based on stated preferences for
ideal mates present sufficient information to quantify this dis-
agreement. In Beigel’s study (1954), women prefer men 18.1 cm
taller than themselves on average, while men prefer women only
11.9 cm shorter than themselves. In Gillis and Avis’s study (1980),
females were found to be looking for men 15 cm taller than them-
selves, whereas males were looking for women 11.3 cm shorter
than themselves. In addition, using data presented in the exper-
imental study of Pawlowski (2003), we also found that women
prefer a dimorphism significantly greater than the one preferred
by men.

Hence, despite the low number of studies, data currently
available support the hypothesis of a disagreement between sexes
in height preference. This disagreement implies that most of the
time, the preferences of both partners cannot be satisfied at the
same time (see Fig. 4). Therefore, selection exerted on height and
dimorphism will depend on the relative contribution of each sex
preference to the actual outcome of mate choice. Note also that
dimorphism could be itself influenced by antagonistic selective
pressures, such as that potentially exerted by mating preferences
(Cox and Calsbeek 2009).

14 EVOLUTION 2010

CONCLUSIONS

With a quantitative approach to assess preferences applied on
human height, we demonstrated that: (1) Homogamy is present
at the level of preferences for both sexes, and measurements of
the function describing this homogamy are concordant with sev-
eral mating rules proposed in the literature. (2) Both women and
men prefer individuals who are significantly taller than average.
(3) There is an important disagreement between sexes regard-
ing height preferences. It is also worth noting that all previous
works on preference for height, including the present one, were
performed in western societies. To assess the generality of con-
clusions drawn here, there is thus a need to replicate similar
experiments in other populations, which differ in height distribu-
tion, environmental and socio-cultural backgrounds. In addition,
this should help to identify key factors influencing the evolution
of preferences for height in humans.
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