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Summary
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Background Skin color distribution and skin surface topography are the predominant
drivers of the variation in visible skin condition, and this variation affects one’s perception of
age and health. Recent research, however, has shown that the strength of the impact of
these features on perception differs such that skin surface topography is a stronger
indicator of age, while skin color distribution is more strongly linked to health perception.

Objectives To examine further the relative contribution and interaction effects of skin color
distribution and surface topography cues on perception by considering small changes of
these features.

Methods Two sets of images were created by gradually smoothing uneven skin color
distribution and removing skin surface topography cues (both in 25% increments) in the
digital image of the face of a 61-year-old British woman. Omnibus pairwise combinations of
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modified images were presented to a panel of 160 German men and women (aged 19–49 
years). With each pair, they were asked to select the face they considered both younger-
looking and healthier.

Results Female facial age perception was more strongly affected by the removal of skin
surface topography cues than by changes in skin color distribution, particularly so for
topography removal of 50% and more. In contrast, the smoothing of uneven skin color
distribution had a stronger effect on the perception of female facial health, particularly for
changes of 25% and greater.

Conclusions These results support previous reports on the differential effects of visible skin
color distribution and surface topography cues on the perception of female facial age and
health and show that only relatively small changes are necessary to drive this differential
perception.

Introduction
Visible skin condition, particularly that of women, affects our perception of age, health, and
attractiveness. The majority of knowledge regarding these associations is derived from facial
studies (e.g., Refs. 1,2 but see 3 for the significance of body skin). For example, it has been
reported that men judge shape-standardized female faces with even skin color distribution as
younger, healthier and more attractive than counterparts showing greater contrast.  Moreover,
even skin color distribution, as measured via image analysis of isolated fields of high-resolution
digital facial skin images, was found to be correlated positively with perception of attractiveness
and health and negatively with perception of age of the same images  (see also Ref. 5).
Furthermore, faces with even skin color distribution also attract visual attention more strongly
than those with greater color contrast. In a study that employed eye-tracking technology,
shape-standardized images of female faces varying only in the evenness of skin color
distribution were presented to a sample of young men and their eye gaze tracked while viewing
these images. It was found that both dwell time and fixation count were significantly higher for
faces with more even skin color distribution and that these measures correlated significantly
with subsequent judgements of age (negative correlation) and attractiveness (positive
correlation).

In stressing an evolutionary psychology context in understanding the significance of age-related
changes in visible skin condition, scholars have recently summarized the evidence from these
studies and concluded that facial skin aging, with the dyschromia and decrease in bulk light
reflection characteristic of chronic solar ultraviolet radiation (UVR) damage, can be perceived
readily by both men and women and, in consequence, affects our judgement of others.
However, facial skin age is influenced not only by dyschromia and a decrease in bulk light
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reflection, but also the severity and frequency of lines and wrinkles, another consequence of
chronic UVR damage,  and a loss of hygroscopicity and hydration.  Thus, a recent study
investigated perception and noticeability of skin surface topography cues in facial images of six
British women, aged 45–65  years, by systematic, incremental removal of lines and wrinkles in
certain facial areas (i.e., the peri-orbital area, the cheek, above the upper lip, and on the
forehead). It was found that faces with skin surface topography cues removed were judged
significantly younger and more attractive than their original (unmodified) counterparts, with
changes on the forehead and around the eyes having the greatest noticeability and
concomitant perceptual impact. In these areas, participants were able to detect at least a 20%
change in skin surface topography. Hence, even relatively small changes in skin surface
topography can affect perception of female facial age and attractiveness, with associated social
consequence (in terms of mate selection).

The evidence summarized earlier, however, is derived from studying the perception of single
associations of either skin color distribution or skin surface topography features – a situation
not present in reality, as both characteristics are expressed simultaneously across a broad
range of relative magnitude. It is important, therefore, to consider the possibility of interaction
effects for these features to ensure a more ecologically valid picture of the signaling
mechanisms at work. In the attempt to disentangle the relative contribution of skin color
distribution and skin surface topography cues on perception of female facial age and health,
scholars created different sets of digital images of female faces, i.e., unmodified (original)
images, images with smoothed skin color distribution, images with skin surface topography
removed, and images with both features smoothed/removed.  It was found that, although both
skin color distribution and skin surface topography significantly affected perception of age and
health, skin surface topography was a stronger predictor of female facial age, while skin color
distribution was a stronger health cue. A significant limitation of this study was that it compared
only images of faces that were unmodified in skin color distribution and skin surface
topography with those that had these features completely smoothed/removed. In addition,
considering recent research showing that we are sensitive to relatively subtle variation in these
endpoints,  it is likely that differential effects are likewise present at smaller magnitudes.

The objective of the present study, therefore, was to determine the relative contribution and
interaction effects of skin color distribution and skin surface topography on the perception of
female facial age and health by gradually removing these features in 25% increments. We
hypothesized (i) differential effects of skin color distribution and skin surface topography on the
perception of female facial age and health (as per Ref. 2), such that faces with
smoothed/removed skin features should receive higher preference, and (ii) the presence of
these effects with even relatively small changes in these facial skin cues.
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Methods
Stimuli

The facial image of a 61-year-old British woman was selected from the database of a previous
study,  based on co-expression of both skin color distribution and skin surface topography
features. This woman was photographed using a custom digital imaging rig with a 6.2-
megapixel digital single-lens reflex camera fitted with a Nikkor 45  mm 1:2 P lens (Nikon
Corporation, Tokyo, Japan), a multiple flash lighting system, and a chin rest to help ensure
stability and precise positioning. The subject was asked to remove make-up as well as any
jewelry and/or other facial adornments. The image was captured and stored in uncompressed
TIFF format at a resolution of 3277  ×  2226 pixels and 72  dpi, without any color correction
or spatial filtering.

Two types of image sets were created by either smoothing skin color distribution (Set 1) or
removing skin surface topography cues (Set 2) in 25% increments. First of all, in both image sets
either uneven skin color distribution or skin surface topography features were completely
smoothed/removed by precise digital image processing. Manipulation of skin color distribution
was performed by adjusting the hue and saturation of affected areas so that it matched closely
the color of adjacent skin. Hyperpigmented spots and dilated blood vessels were removed by
replacing them with adjacent unaffected skin using the “healing” tool in adobe photoshop cs

(Adobe Systems, San Jose, CA, USA). Similarly, for the removal of skin surface topography cues,
samples of unaffected skin adjacent to the respective feature were cloned to replace them. The
digital brush of the “healing” tool was set to a size of 10  pixels, and images were enlarged by at
least 400% before manipulation. Secondly, the creation of a linear series of decreasing
magnitudes of visible skin color distribution and skin surface topography was achieved by
following the protocol reported in Samson et al.  The original (unprocessed) image and its
(processed) counterpart (with its respective skin features completely smoothed/ removed) were
combined as separate layers into a single image using adobe photoshop cs. The opacity of the
processed image was increased in 25% increments, resulting in five levels of magnitude of
expression of visible skin color distribution and skin surface topography (i.e., 0, 25, 50, 75,
100%). Thirdly, the respective layers were merged and saved in uncompressed TIFF file format
at a resolution of 3277  ×  2226  pixels and 72  dpi. Thus, our final stimulus material
comprised two sets of facial images that differed in apparent skin color distribution/skin surface
topography, each set comprising faces with the respective skin feature changed in 25%
increments (see Fig. 1).
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Figure 1

Open in figure viewer PowerPoint

Progressive digital smoothing/removal of skin color distribution (A) and skin surface
topography (B) in a female face.

Rating study

A rating study was carried out on color-corrected TFT monitors (LaCie 324; LaCie Inc., Portland,
OR, USA, Paris, France), set to a resolution of 1920  ×  1200  pixels at 32-bit color depth. To
ensure constant color conditions and resolution for all participants, monitors were calibrated
with the LaCie Blue Eye calibrator. A total of 160 participants (80 men, 80 women) between the
ages of 19 and 49  years (mean age  =  23.73  years, SD  =  3.98), mainly undergraduate
students from the University of Goettingen, judged the stimuli in a pairwise presentation design
for perceived age and health. Omnibus combinations of face pairs were presented on slides
using medialab software (Empirisoft Inc., New York, NY, USA), by selecting one face from Set 1 and
one from Set 2 per slide. The sides of presentation (left/right) were counter-balanced for the
two image sets, and the order of slides was randomized between the judges. Participants were
requested to select the face they considered younger and, separately, healthier (in two blocks,
randomized between subjects) by indicating their choice via a mouse-click. After completing all
tasks, they were fully debriefed on the purpose of the experiment. In the statistical analysis, the
summary preferences for each condition (skin feature and magnitude) of all men were used.

Results
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A 2 (skin feature) ×  5 (magnitude of manipulation) repeated measures analysis of variance
(anova) was conducted to test the possibility of differences in the judges’ perception (of age and
health) of differing visible expressions of original skin color distribution/skin surface
topography. Given that Mauchley’s test of sphericity had been violated for both age (χ   = 
76.88, P  <  0.001) and health (χ   =  53.86, P  <  0.001), Greenhouse-Geisser estimates of
sphericity were applied to correct the degrees of freedom.

Age

Descriptive statistics of facial age perceptions are reported in Table 1. There was a significant
main effect of each skin feature (F   =  5.52, P  <  0.05) and the magnitude of its
manipulation (F   =  156.78, P  <  0.001) on perceived facial age. The removal of skin
surface topography cues had a stronger effect on age perception than the smoothing of uneven
skin color distribution, although preferences for each increased with the degree of feature
smoothed/removed (Fig. 2). There was also, however, a significant interaction effect of skin
feature × magnitude of manipulation (F   =  7.39, P  <  0.001) on facial age perception,
indicating that certain degrees of removal of skin surface topography had a stronger influence
on age perception than smoothing of uneven skin color distribution. Post hoc pairwise
comparisons (Bonferroni) revealed that the removal of at least 25% and up to 50% of both skin
color distribution and skin surface topography cues had the strongest effect on facial age
perception although, for 50% manipulation and beyond, removal of topography cues had the
stronger effect. For both skin color distribution and skin surface topography, however,
smoothing/removal beyond a magnitude of 50% did not result in any significant further
increase in preference for these faces (Fig. 2).

Table 1. Descriptive statistics for age preferences for female faces varying in the magnitude of
smoothing/removal skin color distribution (Set 1) and skin surface topography (Set 2) (N  = 
160)

2

2

(1,159)

(3,487)

(3,513)

Set 1

  Original 1.38 0.91

  25 2.09 1.34

  50 2.55 1.50

  75 2.83 1.53

  100 2.73 1.50

Magnitude of manipulation (%) Mean SD
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Figure 2

Open in figure viewer PowerPoint

Mean (±SE) age preferences for female faces varying in the magnitude of smoothing/removal
of skin color distribution and skin surface topography.

Health

Set 2

  Original 1.48 0.92

  25 2.01 1.22

  50 3.16 1.56

  75 3.39 1.57

  100 3.38 1.66

Magnitude of manipulation (%) Mean SD  Back

3/14/25, 2:50 PM Interaction of skin color distribution and skin surface topography cues in the perception of female facial age and health - Samson - …

https://onlinelibrary.wiley.com/doi/10.1111/j.1473-2165.2010.00538.x 7/14

https://onlinelibrary.wiley.com/cms/asset/23b36dcb-a458-429e-a06d-d152967960f4/jocd_538_f2.gif
https://onlinelibrary.wiley.com/action/downloadFigures?id=f2&partId=&doi=10.1111%2Fj.1473-2165.2010.00538.x
javascript:void(0)


Descriptive statistics of facial health perception are provided in Table 2. As with age, there was
a significant main effect of each skin feature (F   =  195.84, P  <  0.05) and the magnitude
of its manipulation (F   =  90.96, P  <  0.001) on perceived facial health. In this instance,
smoothing of uneven skin color distribution had a significantly stronger effect on facial health
perception than the removal of skin surface topography cues. Also, a significant interaction
effect of skin feature × magnitude of manipulation (F   =  26.02, P  <  0.001) on facial
health perception was found, indicating that smoothing of uneven skin color distribution at
certain magnitudes had a stronger effect on health perception than skin surface topography
removal alone. Post hoc pairwise comparisons (Bonferroni) showed that the judges’ preference
for images with smoothed skin color distribution increased particularly up to the magnitude of
50% of removal but did not increase further at higher magnitudes of smoothing (i.e., >50%)
(Fig. 3).

Table 2. Descriptive statistics for health preferences for female faces varying in the magnitude
of smoothing/removal skin color distribution (Set 1) and skin surface topography (Set 2) (N  = 
160)

(1,159)

(3,539)

(4,569)

Set 1

  Original 2.10 0.99

  25 3.16 1.20

  50 3.86 1.32

  75 3.96 1.30

  100 3.94 1.31

Set 2

  Original 1.17 1.00

  25 1.59 1.07

  50 1.64 1.15

  75 1.86 1.30

  100 1.73 1.38

Magnitude of manipulation (%) Mean SD
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Figure 3

Open in figure viewer PowerPoint

Mean (±SE) health preferences for female faces varying in the magnitude of
smoothing/removal of skin color distribution and skin surface topography.

Discussion
Our results show that while both skin color distribution and skin surface topography cues affect
our perceptions of female age, the latter had a significantly stronger effect and this was
particularly so for topography removal of 50% and more. With regard to health perception, it
was found that smoothing of uneven skin color distribution had a significantly stronger effect
than topography removal. This effect was present after a smoothing of skin color distribution of
25% or more. The present study thus confirms and extends previous findings  that reported
differences in the strengths of signaling provided by skin coloration and surface topography.
Importantly, in addition to these findings, which compared only 0% and 100% modified images,
the present data show that differential age and health information conveyed by skin color
distribution and skin surface topography can be perceived readily even after relatively subtle
changes in these features. Moreover, it should be noted that while a steady increase in (age)
preferences with the magnitude of manipulations of both skin features was detected, such an
effect was not found for skin surface topography removal and perception of health. This, once
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again, supports the particular significance of even skin color distribution in the perception of
facial health.

Our sample images comprised variations of color distribution and surface topography in the
facial skin of only one woman, which could be of concern in terms of the validity of the study.
We chose this image because her face showed expression of both skin features in multiple
facial areas. This was essential for the study design as it ensured that manipulations of skin
color distribution and skin surface topography (in terms of the magnitude of their expression)
resulted in distinct categories. Thus, participants’ perception of facial age and health was based
on the introduction of systematic variation in skin color distribution and skin surface
topography while keeping all other facial characteristics constant – a design that has significant
advantages when investigating the impact of subtle changes in visible skin characteristics for
the first time. We are aware that future replications of this study could include facial stimuli
from a larger number of different women. However, we believe that such studies would benefit
from the present design and findings by focusing on smaller increments of change in skin
feature and, thus, reducing the number of stimuli in a rating study.

It is generally true that in women aged 40  years and upwards, there is considerable variation
in the relative magnitude of expression of skin color distribution and skin surface topography
features, consistent with varying pressure from both extrinsic and intrinsic factors, including
genetics, cumulative exposure to solar UVR, and behavior and lifestyle choice.  This variation
of co-expression was modeled systematically in this present study. Based on our findings, we
hypothesize whether it is this very combination of effects that is able to help make a woman
look more or less attractive for her age, depending on the benefit she gains from even skin
color distribution. Put another way, if genetic predisposition has been kind, or if necessary care
has been taken to maintain an even skin color distribution (e.g., through moderating chronic
UVR exposure by behavior or use of sunscreens), our results suggest that the ensuing health
signal will contribute positively and significantly to others’ overall perception of her facial
attractiveness, regardless of her age. Moreover, our new data suggest that an increase in facial
attractiveness derived in this manner need not involve extreme measures (such as, for
example, chemical peels or laser surgery), as we appear to be able to detect even subtle
changes in both skin color distribution and skin surface topography.

Evolutionary psychologists have argued that age-dependent changes in visible skin condition,
particularly those of women, could be regarded as visual cues to their reproductive potential (in
the form of health and fertility) by men (e.g., Ref. 14). Recent studies support this assertion as
they have shown that variation in the evenness of (Caucasian) female skin color distribution can
alter the perception of facial age and health  (but see Ref. 15). In addition, a recent study
reported an influence of overall basal skin coloration on the perception of facial health.  This
result, however, is not readily comparable to our present data as the stimuli images in this
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study were taken from a sample of young (18–22  year old) men and women. In young, healthy
skin, both constitutive and facultative melanin expression is uniform and synchronous,
resulting in an even distribution of the melanin chromophore in both basal and sun-exposed
sites. Likewise, dermal vasculature in young, healthy skin is delicate and fine, resulting in a
homogeneous “bloom” of color. While we do not question that overall skin color also signals
aspects of health, we think that these effects need to be distinguished from the process of
photoaging, which produces localized concentration and increasingly uneven distribution of
melanin and hemoglobin, with increased visible contrast (only this was manipulated in these
present study). The likely interaction effect of overall basal skin color and color contrast on
facial perception will provide another extremely interesting research focus in future studies.

In conclusion, we have modeled systematically the differential expression of skin color
distribution and skin surface topography in the facial skin of a 61-year-old woman and both
confirmed and extended our previous results – that not only is wrinkling a predominant cue for
aging and color evenness, in particular, a strong cue for health, but also that relatively small
changes in each are sufficient to be noticed. We have identified this “balance” of feature
previously and associated it with the term found in many cultures, “growing old gracefully”;
these data add further depth to this notion.
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