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Simple Summary: Drawing has increasingly been proposed as an enrichment activity for captive
primates in zoological parks and research institutes. The monkeys and apes are free to use the
materials at their disposal and are not constrained or conditioned to show this behaviour. This
provides a good opportunity to collect drawings by non-human primates and allows for comparative
studies between hominids. This study is based on 749 drawings recovered from five orang-utans
(Pongo pygmaeus) at Tama Zoological Park in Japan, where caretakers regularly facilitated drawing
activities for the apes. Analyses showed that individuals differ in their drawing style, especially in
the colours used, the space they filled, and the shapes they drew. One individual, Molly, did more
complex drawings than other individuals and drew differently according to the seasons and her
age. This study is the first to reveal such individual differences and can give some clues about the
emergence of drawings in human beings.

Abstract: This study analyses 749 drawings by five female Bornean orang-utans (Pongo pygmaeus)
at Tama Zoological Park in Japan. We searched for differences between individuals but also tried
to identify possible temporal changes among the drawings of one individual, Molly, who drew
almost 1300 drawings from 2006 to 2011. An analysis of the drawings was carried out after collecting
quantitative and qualitative variables. Our findings reveal evidence of differences in the drawing
style of the five individuals as well as creative changes in Molly’s drawing style throughout her
lifetime. Individuals differed in terms of the colours used, the space they filled, and the shapes (fan
patterns, circles, or loops) they drew. Molly drew less and less as she grew older, and we found a
significant difference between drawings produced in winter, when orang-utans were kept inside and
had less activity, and those produced during other seasons. Our results suggest that the drawing
behaviour of these five orang-utans is not random and that differences among individuals might
reflect differences of styles, states of mind, and motivation to draw.

Keywords: primate cognition; scribbles; evolutionary anthropology; art; aesthetics

1. Introduction

Drawing behaviour has been studied in non-human primate species such as chim-
panzees (Pan troglodytes), gorillas (Gorilla gorilla), orang-utans (Pongo pygmaeus), capuchin
monkeys (Cebus apella), and rhesus macaques (Macaca mulatta) (for a review, see [1]). Draw-
ing has increasingly been proposed as an enrichment activity for captive primates in
zoological parks and research institutes. The monkeys and apes are free to use the materi-
als at their disposal and are not constrained or conditioned to show this behaviour. This
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provides a good opportunity to collect drawings by non-human primates and allows for
comparative studies between hominids [2].

This study is based on 1433 drawings recovered from five orang-utans (Pongo pyg-
maeus) at Tama Zoological Park in Japan, where caretakers regularly facilitated drawing
activities for the apes. Orang-utans (Pongo sp.) are phylogenetically close to humans,
with 97% common genetic heritage [3]. This makes them ideal candidates to help us
understand the origins of drawing behaviour. They can develop highly sophisticated
cognitive abilities [4] and complex tool use [5–7] that are both at least comparable to those
observed in chimpanzees. They are also well known for their curiosity [8]. The wrists of
orang-utans are more flexible than those of chimpanzees, making it easier for them to draw
as they can bend their hands backwards [9]. In our drawings database, the daily number of
drawings varied significantly between individuals, despite the same opportunities to draw,
showing that they had different levels of motivation for this activity. This observation
leads us to our first question: Do orang-utans show differences in their drawing/marking
behaviour? More specifically, it is interesting to note that one female, called Molly, drew
almost 1300 drawings in her last five years of life. She had the opportunity to draw regu-
larly from her 54th birthday onwards (in 2006, at Tama Zoo). Moreover, the colours and
page filling in Molly’s drawings might have been affected by aspects of her daily life, such
as the identity of her caretaker and events in her environment [10]. This leads us to our
second question: Was there any temporal evolution (due to environmental changes and/or
Molly’s own development) in her drawing behaviour?

Previous studies on captive orang-utans and other primates showed that they will con-
tinue to draw even in the absence of rewards [10–13]. These findings are consistent with the
Gestalt principle found in young children, which links the scribbling activity to a discovery
of motor play activity [14]. Like in humans, spontaneous drawings indicate an intrinsic
interest in exploratory and manipulative play for captive non-human primates [10,14].
Moreover, when tracks have already been drawn on the paper, further scribblings are
added, suggesting that visible tracks have some kind of reinforcing value [12]. Schiller [15]
worked with an 18-year-old female chimpanzee called Alpha, who showed a keen interest
in drawing. In order to study figure formation and position, different stimuli (squares or
scribbles) were drawn on paper by researchers. In terms of figure production, the results
showed that Alpha mainly used two types of strokes: short dashes and almost parallel
broad zigzag strokes (also referred to as the fan pattern). The findings for the placement
of figures revealed that when a single figure was positioned off-centre, Alpha drew in the
largest open space, producing what Schiller calls a ‘sort of balance between her markings
and the presented figure’ (p. 104). A similar experiment by Morris [16] with a one-year-old
male chimpanzee named Congo showed similar results: three-quarters of the 40 free draw-
ings on blank sheets of paper showed marks on spaces that had previously been empty,
and half of the drawings featured marks that were concentrated at the centre of the paper.
Although these results are only descriptive (like those found for Alpha), they do seem to
support Schiller’s findings concerning the strong tendency to mark a central figure and
to position marks in the blank space opposite an offset figure, as well as the inclination to
simply enjoy scribbling. Smith [17] was the first to use quantitative methods in order to
analyse chimpanzee drawings. All his results were consistent with the previously cited
findings. Later, Boysen et al. [11] continued the stimulus-drawing test in chimpanzees
by presenting 18 different figures to three chimpanzees. Like Smith [17], Boysen attained
a point where the presence of any stimulus figure on the page elicited more centralised
markings than in cases where the sheet of paper was blank. The notion of the centre of a
page therefore seems to be an important point to take into consideration when studying
the emergence of drawing capacities.

Kinematic aspects could be seen as precursors of a graphic representation [18], yet
drawings by non-human primates include different types of marks, such as the straight
lines, curves, loops, or hook-like strokes observed in drawings by chimpanzees [12]. Al-
though chimpanzees only develop the skill to use a mark-making instrument at the age of
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20–23 months, these marks can be observed before the age of 13–23 months through the
use of touchscreens. In a comparative study, a set of 396 pictures was collected, made up of
40 drawings by chimpanzees, 153 by gorillas, 146 by orang-utans, and 57 non-figurative
drawings by children up to and including the age of four [19]. Zeller [19] noticed that the
main features of the orang-utans’ patterns were diagonals, arcs, and curvilinear designs,
while those of the gorillas contained mainly arcs and open curving lines, and a very high
proportion of dots. In contrast, the chimpanzees’ drawings were mainly characterised by
the use of straight and jointed lines. Unlike Tanaka, Zeller noted that orang-utans were
the only apes that can use a closed loop or circular pattern [19]. This is the most difficult
pattern to produce because it requires high levels of motor control. Another important
point concerns the use of colours. Findings in children have shown that their choice of
colours reflected their emotional state at that time [20], and it seems that this may be the
case in individuals of other species, as with the case of the orang-utan called Molly [10].
These results support the hypothesis that there is a choice in the use of colour, the type of
strokes, and the use of space, and that drawings from great apes do not result from totally
random scribbles [2,19]. Despite their non-figurative nature, drawings produced by apes
could therefore provide a great deal of meaningful information.

In this study, we analyse 790 drawings (selected from a total of 1433 drawings) drawn
by five orang-utans (Figure 1) and compare them at an interindividual level. Indeed, a
study of five chimpanzees by Morris [16] suggests that interindividual differences exist
in drawing and that personality may have an impact on the way marks are distributed.
We analyse drawings at an individual level in order to assess temporal changes in this
behaviour. We expect to find preferences pertaining to the use of colours, as well as a
trend of centring drawings, the use of curved strokes and circles inside the drawings, and
possibly a number of differences in marking behaviour between individuals. We also
expect possible temporal changes in the drawings of one individual, Molly, who drew
almost 1300 drawings from 2006 to 2011. To our knowledge, this is the first study analysing
such a large number of drawings by orang-utans, and indeed by non-human primates
in general.

Figure 1. Examples of two drawings for each of the five orang-utans.
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2. Materials and Methods
2.1. Subjects and Collection of Drawings

From 2006 to 2016, 1433 drawings by five female orang-utans at Tama Zoological Park
in Tokyo were collected by the caretakers (Table 1). More information about individuals can
be found in the Great Apes Information Network (GAIN [21]). We analysed 749 drawings
(26/26 drawings by Gypsy, 16/16 by Julie, 32/32 by Yuki, 60/60 by Kiki, and 656/1299
by Molly). White, high-quality paperboard (272 × 242 mm) and 16 different coloured
crayons were given to the orang-utans as permanently available enrichment. Several
paperboards were simultaneously provided to orang-utans to avoid competition, but no
conflict was observed given the small number of drawings for four of the five individuals.
The sixteen colours were always available each drawing day, with crayons being replaced
when necessary. The drawing activity was not part of a research protocol implemented
at the zoo but was for enrichment [22]. The drawings were recovered for analysis after
the drawing activities, meaning that we had no control over the methodology. However,
zookeepers were present during all the drawing session in order to watch the orang-
utans’ behaviour and to ensure the identity of the drawer for each drawing; they did not
encourage them to draw in anyway. Individuals did not provide the same number of
drawings each year, suggesting different motivations between apes and over time. These
different numbers of drawings seem to show that the animals did not simply copy each
other as, most of the time, the other individuals did not copy Molly when she was drawing.
Moreover, no sharing was observed, showing how apes lose interest after finishing their
drawings [16]: they just dropped their drawings or even tore them up. These damaged
drawings were not considered for analyses. When orang-utans finished a drawing, they
could take another paperboard given at their disposal. However, individuals, including
Molly, never created more than two drawings per day. We pseudo-randomly selected
656 drawings by Molly to obtain approximately equal numbers for each three-month
period from 2006 to 2011 (about 30 drawings for each of the 19 periods; Molly died in
2011), meaning that we randomly selected a drawing in the first period of three months,
then the second period, etc., until the 19th one; then we selected a second drawing for the
first period again, then the second period, etc., until we had about 30 drawings in each
period. The orang-utans were housed in social groups in outdoor and indoor enclosures
with environmental enrichment. Food (pellets) and water were supplied ad libitum. Fruits
and vegetables were distributed twice daily.

Table 1. Information on individuals.

Name Date of Birth Birthplace Number of Drawings Percentage of Drawings Stay at Tama Zoo Drawing Period

Molly 1 January 1952 Wild 1299 91% 2005–2011 2006–2011

Gypsy 1 January 1955 Wild 26 2% 1958–2017 2007–2014

Julie 6 May 1965 Captivity 16 1% 2005–Today 2009–2014

Yuki 1 January 1970 Wild 32 2% 2008–2015 2008–2010

Kiki 21 October 2000 Wild 60 4% 2007–Today 2010–2016

2.2. Ethics Note

The Tama Zoological Park Ethics Board approved this non-invasive behavioural study,
which complied with the Code of Ethics of the Japanese Association of Zoos and Aquariums.

2.3. Data Collection

To ensure that our observations were as accurate as possible, we used the Gimp 2.10.22
software to apply a 10 × 10 grid [14] to every drawing. Torn sheets (41 drawings) were
not analysed due to the risk of missing values. Two observers (GT and AL) made the mea-
surements with a correlation of 0.964 ≤ r ≤ 1 for all variables (Figure S1 in Supplementary
Materials). A third observer (MP) then confirmed the qualitative variable measurements.
Disagreements were resolved by the intervention of the third observer.



Animals 2021, 11, 3202 5 of 13

2.3.1. Quantitative Variables

We first looked for non-exclusive quantitative variables (Figure S2) as defined in
previous studies [14]: (1) the coverage rate, defined as the number of cells containing one
or more strokes out of the total number of cells; (2) the overlap rate, defined as the number
of cells containing strokes of at least two different colours that overlap, divided by the
coverage rate and multiplied by 100; (3) the solid colour rate, defined as the number of
drawing grid cells that were covered at rates of 50% or more, divided by 100; and (4) the
distance to the centre, defined as the absolute distance between the centre of an ellipse
surrounding the design and the centre of the grid. Three other indices were measured via
the Gimp 2.10.22 software, namely, (5) the number of colours used, (6) the mean deviation
of the colour spectrum, and (7) the standard deviation of the colour spectrum.

2.3.2. Qualitative Variables

We also extracted data from every drawing (8) for the predominant colour used by the
individual and the drawings shapes, as defined in previous studies [12,23]: (9) fan patterns,
(10) circles, (11) triangles, and (12) loops (Figure S3). These indices are not exclusive, as
several can be found in the same drawing. A fan pattern is a stroke making at least three
round trips of angles ≤45◦. A loop is a curved stroke forming a single distinct angle where
it intersects itself. A circle is a curved stroke intersecting itself without distinct angles.
A triangle is a flat loop with distinct angles.

2.4. Statistical Analysis

We conducted two types of analyses: a comparative study between individuals and
a longitudinal study of data for Molly. For both, we first checked for high correlations
(>80%) between our drawing variables using the chart correlation function of the R package
PerformanceAnalytics [24]. Our correlation chart revealed no strong correlation between
our quantitative variables (Figure S4). A principal component analysis (PCA) was then
carried out with the R package FactoMineR [25] in order to reduce our 12 variables and
group them into various dimensions that were then further interpreted from a biological
perspective. A PCA with Varimax rotation was also carried out [26] but did not explain
more variance than classical PCA did. For the comparative study between individuals, the
coordinates of each drawing in each dimension were used to compare individuals two-by-
two during comparisons of means for each dimension with the functions kruskal_test()
and pairwise.wilcox.test() from the R packages coin [27] and stats [28].

For the longitudinal study of data for Molly, we carried out another PCA. Here, we
wanted to study the effect of both 3-month periods (N = 19 periods) corresponding to
seasons (N = 4 seasons) on Molly’s drawing behaviour. We then applied a multifactorial
linear model (LM) for each dimension of our PCA using the function lm() from the R
package car [29]. The potential collinearity between our two predictor/predictive variables
was tested by the calculation of the variance inflation factor VIF from the R package car.
These diagnostics revealed a VIF of <1.1 for both predictors, indicating that there was no
notable problem of collinearity. p-values for LM were calculated via Monte Carlo sampling
with 10,000 permutations, using the function PermTest() of the R package pgirmess [30].
Permutation tests for LM were well adjusted for the moderate sample size [31] and did not
require a normal distribution of model residuals [32].

Pairwise post hoc comparisons for significant LMs were carried out with the func-
tion pairwisePermutationTest() from the R package rcompanion [33]. α levels (0.05)
were Benjamini–Hochberg corrected for pairwise comparisons and adjusted for permu-
tation tests. Finally, we analysed the main colour used by orang-utans with the function
chisq.test() of the R package stats. We only reported differences where p < 0.05. All
statistical analyses were done with R, version 4.0.3 [28].
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3. Results
3.1. Comparative Analyses between Individuals

On average, the coverage rate of the drawings by the five orang-utans was 50 ± 30%,
the overlap rate was 20 ± 30%, and the solid colour rate was 10 ± 20%. For the average
number of colours used and shapes drawn, the five orang-utans used 3.0 ± 1.8 colours
and drew 1.8 ± 2.0 fan patterns, 0.0 ± 0.2 circles, 0.2 ± 0.6 triangles, and 0.7 ± 1.2 loops
per drawing. The colour spectrum had a mean of 0.8 ± 0.1 and a standard deviation
of 0.1 ± 0.1. Finally, strokes were applied 33.7 ± 25.9 mm from the centre, on average.
Variations of each metric per individual are presented in Figure S5.

The three dimensions retained in the PCA had an eigenvalue above 1 and described
63.5% of the explained variance of the dataset. Each metric showed a higher loading in one
dimension than in the two others (Table 2, Figure 2). Thus, the first dimension of the PCA
(eigenvalue = 3.86, variance = 35.2%) was mainly explained by the filling variables: the
recovery rate, the overlap rate, the solid colour rate, the number of fan patterns, the number
of colours, and the distance to the centre. Colour variables applied to the second dimension
(eigenvalue = 1.92, variance = 17.5%), i.e., the standard deviation and the mean of the
colour spectrum. Finally, geometrical shapes were associated with the third dimension
(eigenvalue = 1.19, variance = 10.8%), i.e., the number of triangles, loops, and circles.

Table 2. Loadings of the metrics on the three PCA dimensions of our dataset (five orang-utans). Bold
values indicate the dimension in which each variable is retained.

Dim.1 Dim.2 Dim.3

Coverage rate 0.84 0.34 −0.02

Overlap rate 0.86 0.17 −0.15

Number of colours 0.72 0.32 −0.26

Fan patterns 0.76 −0.12 −0.05

Circles 0.10 0.14 0.50

Triangles 0.08 0.10 0.73

Loops 0.33 0.31 0.50

Colour mean −0.39 0.79 −0.14

Std. deviation of colour mean 0.38 −0.82 0.15

Distance to centre −0.61 −0.31 −0.02

Solid colour rate 0.74 −0.37 −0.07

At least one individual was different from the other ones in the first dimension
(Kruskal–Wallis: χ2

4 = 50.31, p < 0.001). Pairwise comparisons revealed that Molly had
higher values than Gypsy and Kiki. Kiki also differed from Julie and Yuki (see pairwise
statistics in Table S1, Figure 3a). At least one individual was different from the other ones
in the second dimension (χ2

4 = 150.48 p < 0.001). Pairwise comparisons revealed that Molly
had significantly higher values than all other individuals. Julie had lower values than
Kiki and Yuki (Table S1, Figure 3b). At least one individual was different from the other
ones in the third dimension (χ2

4 = 44.51, p < 0.001), with differences between Gypsy and
Molly (Table S1, Figure 3c). Statistical analyses for each of the 12 metrics are given in the
Supplementary Materials Section (Tables S2–S4, Figure S5). The metrics of Dimension 1
were all different for at least one individual (χ2

4 > 11.53, p < 0.02), with data for Molly being
globally different from the data of the other individuals (more recovery, more overlap, more
colours, closer to the centre) and Kiki showing different results to those of Yuki. Indeed,
Kiki presented the lowest values for recovering, overlapping, and colours whilst showing
the second highest values after Molly. Although the metrics of the second dimension
also revealed interindividual differences (χ2

4 > 40.08, p < 0.001), the pairwise comparisons
yielded more restricted results with only Molly showing very low values and Kiki showing
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very high values of standard deviation of the colorimetric profile. This indicates that Molly
filled the sheet and showed less contrast, whilst Kiki’s drawing showed high contrast due
to the few but strong marks on the paper (see Figure 1). Finally, the only difference between
individuals in Dimension 3 concerned the number of loops (χ4

433 = 25.07, p < 0.001), with
Molly drawing more loops than Kiki.

Figure 2. Distribution of variables (each arrow is a variable) for (A) Dimension 1 and Dimension 2 and for (B) Dimension 1
and Dimension 3. The arrow length indicates the correlation with the dimensions. Dimensions’ values are in arbitrary units.

Figure 3. Box plots showing the differences between individuals in each of the three drawing dimensions. Individuals
having different letters show statistical differences. a.u. means arbitrary unit.

The main colour found in each drawing revealed a non-random and significant
difference in the colours used between individuals (Figure S6). For Kiki (χ2

11 = 62,647,
p < 0.001) and Molly (χ2

11 = 289.07, p < 0.001), the main colour in their drawings was green
(representing 27.45%, and 22.6% of the drawings, respectively). For Gypsy (χ2

11 = 41.72,
p < 0.001), Julie (χ2

11 = 29, p = 0.002), and Yuki (χ2
11 = 53.2, p < 0.001), the main colour in their

drawings was red (representing 40%, 33.3%, and 36.67% of the drawings, respectively).

3.2. Longitudinal Changes in Molly’s Drawing

The number of drawings by Molly over the six years is shown in Figure S7. Three
dimensions were retained in the PCA. Their sum represented 64.3% of the explained
variance of the dataset (dimension 1: eigenvalue = 4.26, variance = 38.7%; dimension 2:
eigenvalue = 1.60, variance = 14.5%; dimension 3: eigenvalue = 1.21, variance = 11%).
Metrics are found in the same three dimensions for Molly as for the four other individuals
(Table S5). The effect of the 3-month periods and seasons on the three dimensions of
the PCA were calculated. There was a significant effect of both seasons (linear model
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with permutation test: p < 0.0001) and periods (p < 0.0001) on the first dimension. The
filling behaviour of drawings decreased with the periods (linear regression: t-value = −4.7,
p < 0.001, R2 = 0.03, F = 22.73, Figure 4a). Pairwise comparisons revealed that winter
had significantly lower values than all other seasons (p < 0.005, Figure 4b). There was
no significant effect of the seasons or the periods on the second (p = 0.162 and p = 0.869,
respectively) or on the third dimension (p = 0561 and p = 0.769, respectively). More precisely,
Molly’s drawings differed according to the seasons and time in terms of the coverage rate
(p = 0.002 and p < 0.0001, respectively), the overlap rate (p = 0.002 and p < 0.0001), the solid
colour rate (p <0.0001 and p < 0.0001), the distance to the centre (p = 0.04 and p = 0.0002), and
the fan patterns (p = 0.045 and p < 0.0001), with the winter globally always being different
from other seasons. However, the number of colours used did not differ according to time
(p = 0.09) or the seasons (p = 0.273). Although Dimension 2 did not show differences for
the time and the period, the mean colorimetric profile showed differences according to the
season (p = 0.009) with higher values in winter (p < 0.03) than other seasons, because Molly
filled the paper sheet less in winter, thus making these drawings brighter. Dimension 3 did
not show any differences according to time and period, but the number of loops decreased
with time (p = 0.02, z-score = −2.29) and was higher in summer (p < 0.045) compared to
other seasons. Other metrics did not show any difference according to the time or seasons.

Figure 4. Effect of (a) seasons and (b) time on Dimension 1 (coverage) of Molly’s drawings. For (b), linear regression with
standard error lines is plotted using ggplot2 R package (method = ‘lm’ [34]). a.u means arbitrary units.

The analysis of the main colour qualitative variable revealed a non-random and a
significant difference in the main colour used by Molly in the four seasons (Figure S8):
winter (X2

9 = 100.16, p < 0.001), spring (X2
9 = 90,912, p < 0.001), summer (X2

9 = 87,385,
p < 0.001), and autumn (X2

9 = 103.27, p < 0.001). Molly preferred green in summer and
winter and swapped to pink for spring and autumn. Purple was used more in spring
compared to other seasons.

4. Discussion

We studied drawings by orang-utans in order to consider their cognitive capacities
phylogenetically within the framework of other hominoids like humans or chimpanzees. In
particular, we looked for differences in the drawing behaviour of five female orang-utans,
one of which was in her last years of life. Whilst this sample size is limited, this is the
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first time that such a quantitative study has been done in orang-utans and more generally
in primates showing differences between individuals and observed temporal changes in
individuals’ drawings. Indeed, many studies on cognition can be done with a small sample
size when the study’s aim is to show what individuals are capable of and how they differ in
their capacities [2,4,35,36]. We used a new way to quantitatively analyse drawing with PCA.
Principal component analysis is important and innovative for this kind of behavioural
analysis because it allows one to (1) combine many variables having different meanings,
(2) increase the potentiality of finding differences between the studied categories (here the
individuals and the three-month intervals), (3) and obtain dimension having biological or
psychological meaning that could not be found without such an analysis. We used PCA
to understand drawing development in humans and found three dimensions, which are
diversity, efficiency, and sequentiality, allowing representativeness to be understood in
drawings [37,38]. Indeed, we found differences between the scribblings of children and
adults in these dimensions because adults have representativeness and intention when
they draw such figures, whilst toddlers have not. Therefore, the perspectives of such
analyses in drawing are huge and could lead to important results in understanding the
emergence of drawing in hominids. In our current study, we found three dimensions that
had biological and cognitive meaning: the filling aspect, the colour or contrast aspect, and
the shape aspect. This study proved to be exploratory and innovative because of these
three dimensions and because it showed interindividual and intraindividual differences in
drawings in a species other than humans. These two results seem to show the implication
of cognitive aspects going beyond a simple motivation for putting colours on a paperboard.

For most of the studied time, orang-utans used several colours in their drawings.
Zeller [19] found that blue was the most commonly used colour used in the drawings
of apes (including orang-utans) and children. The main colour used in our orang-utans’
drawings differed between individuals. As orang-utans see colours as we do [39], this
difference could reflect either an aesthetic or an emotional preference [40]. In children,
colours are linked to emotion [40], including in their drawing [20]. This link with emotion
may have an evolutionary origin concerning mate choice and competition [41]. Molly,
who usually used green and pink colours, mainly chose the colour red when another
orang-utan was giving birth [10]. All the individuals drew patterns that were described
in Kellogg’s children’s scribbles classification [23]. Like children, orang-utans can draw
multiple lines (called fan patterns), loops, and circles. Orang-utans have more dexterity
than other great apes since they can draw curved lines [19]. Orang-utans have also drawn
triangles [42]. Thus, in a way, orang-utans draw better than other non-human apes. The
drawing technique used by orang-utans might also be interesting. Previous studies showed
that orang-utans often hold the drawing tool between their fingers. However, one female
was regularly observed laying the pastel on the sheet before rolling it with her hand [42].
This behaviour could explain some large fan patterns observed in orang-utan drawings.
In many studies, primates demonstrated an ability to draw fan patterns. We can cite
the chimpanzees Congo and Bella, and the capuchin monkey Pablo [16]. Drawings by
chimpanzees, human children, and orang-utans therefore have a lot in common, and these
new findings may enrich the phylogeny of drawing behaviour among primates.

Our comparative study revealed differences in drawing behaviour among orang-utans,
especially for the filling dimension. Here, it is not simply a question of one individual
standing out from other individuals, but several differences observed between the five
individuals: the drawings by Molly were the most complex (more amply filled than
pictures by other individuals, with the use of more shapes and colours) followed by those
drawn by Yuki. Kiki also showed differences to the other individuals with her simple
but strongly marked drawings (i.e., one colour used, pressing hard on the crayon). We
can attribute these differences to personality, motivation, or even to different cognitive
abilities between individuals. Indeed, in humans, great interindividual and interindividual
differences are observed in drawings [38]. The same could be observed in non-human
primates [1] as suggested in chimpanzees [2]. Studies in human children suggest that these
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interindividual differences might be due to varying levels of cognitive skill maturation [43]
and the different speeds at which children learn to draw [2]. According to Willats [44],
there may be an interrelation between a child’s stage in their drawing skill development
and their increasing comprehension of their living world. Our orang-utans have different
life experiences. While Molly, who did more complex drawings, was born in the wild and
had lived in two zoological parks and given birth four times, Kiki, who produced fewer
complex drawings, was born in captivity and quickly moved to Tama Zoological Park,
where she gave birth to one baby. Molly had also lost her sight in one eye between 1993
and 1996 (personal communications from Mr. Kurotori, Tama zookeeper). These different
experiences could perhaps explain the differences found in the way they drew. We can also
mention the age difference between Molly, who was 54 years old at the beginning of her
drawing period, and Kiki, who was the youngest of the study group at just 10 years old.
Kiki’s minimalist use of colours and space in the paper was evidence of either her drawing
style or a lack of motivation or interest in the drawing activity. However, Kiki was not the
least experienced of the individuals in terms of drawing, even if she was the youngest: she
produced 60 drawings, whereas 44-year-old orang-utan Julie produced just 16 drawings.
As in humans, younger apes can possess an intrinsic motivation to draw but can be more
interested in the objects (crayons and paperboards) than the drawing [2,12]. However, with
age, complexity of drawing can increase. In human beings, Martinet et al. [2] showed that
adults add more details in their drawing compared to children. This was confirmed by
analysing different drawings metrics [37]. A parallel could be made between humans and
non-human apes for drawing as is done for other activities, such as the social ones [45,46].

Data for Molly showed a higher mean and a lower standard deviation of the colour
spectrum. This indicates a higher diversity in Molly’s drawings, many of which are
bright and have lower levels of contrast. Indeed, although Molly did sometimes fill
the sheet, particularly with fan patterns—as described for the chimpanzee Congo [16]—
many of her drawings were almost empty. Other orang-utans showed smaller patterns,
which contrasted with the white background. Moreover, Molly seemed to press less
on the crayons than the other individuals, which explains the lower contrast (lowest
standard deviation of the colour spectrum) in comparison to data for other individuals.
The drawings of our orang-utans (and especially those drawn by Molly) confirm the
findings of Smith [17], who was the first to report that chimpanzees tended to draw near
the centre of the page. Zeller [19] confirmed this finding for other apes. The interindividual
differences we describe in orang-utans’ drawing in terms of the way individuals draw
suggest the existence of different personalities, as first suggested by Morris [16]. The
wide difference in the number of productions per individual also shows different levels of
interest in the activity; this finding confirms previous observations in orang-utans and in
chimpanzees [11,12,19].

The longitudinal study then demonstrated that Molly’s drawings evolved over time
and between seasons. She used fewer colours, less space, and drew further from the centre
as the years progressed. At the end of her life, Molly had fat deposits above her eyes and
had to use her hands to lift it out of the way, meaning that she could use her hands less to
draw. She also became blind in her left eye, which diminished her visual field. However,
this impairment did not decrease her drawing capacities much and she still showed more
complex drawings than other individuals at the end of her life. Regarding the differences
observed in winter, the results tend to show that Molly’s frame of mind changed. The orang-
utans in our study group do not go outside in winter, and the weather in Japan is very cold
for them. They might become bored, and their motivation may decrease. In this way, our
results show that Molly did not systematically use the same main colour in her drawings
for all seasons: while she preferred purple as the main colour in spring (in 23.4% of her
drawings), she used it much less in summer (7.25%), autumn (3.27%), and winter (5.45%).
As Hanazuka and his colleagues [10] hypothesised for non-human primates, drawings
could be a window into the internal state of the orang-utan. Moreover, there are no visitors
during winter. Evidence that Molly draws more loops and changes the colour she uses in
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summer could be a cue indicating a good mood due to the weather and the presence of
more visitors. Further research is needed to assess whether the number of loops is just a
reflection of Molly’s motivation or of a more cognitive aspect such as symbolism [47].

However, this study is limited by the enrichment origin of these drawings, which
restricts the possibilities of controlled conditions. Several drawings were covered with
stains and were dirty, with some shapes overlapping. It is difficult to be precise and
objective when measuring variables such as the shapes present in the drawing or the
predominant colour, especially where water had blurred the patterns. In the future, we
could therefore use touchscreen tablets instead of paper [2]. The use of a tablet requires
a genuine trust between the researcher and the animal established from an early age so
as not to put the researcher in danger [48]. Alternatively, this can also be easily done with
secure and safe touchscreens installed outside the caging. However, animals do not have
to confound with the usual cognitive training and tests, which seem to be difficult [1] as
indicated by a previous study aiming to make two chimpanzees draw a line [49]. Drawing
on tablets has several advantages, such as the extraction of more important information
such as temporal data. This method will reveal differences between individuals in terms
of the order of colours used but also the fractality of the patterns [2]. It would also be
interesting to study drawings by males to see if these preferences change according to
sex, although this may be difficult as males have previously demonstrated less interest in
this task [42]. Another question pertains to the part of the body orang-utans use to draw.
Indeed, some apes use their hands while others use their mouth [42]. We also need to
increase the sample size, studying more orang-utans including males and studying other
species such as chimpanzees, gorillas, or even some species that have never been studied,
such as gibbons. However, this sample size did not impair our results as our analyses
were able to show for the first time interindividual and intraindividual differences in the
drawings of a non-human species.

5. Conclusions

Overall, the fact that orang-utans draw freely without constraint shows that they are
capable of doing so, as shown in previous studies [10,19]. Our study used a systematic
and complete analysis to show that apes exhibit differences in their drawings. Applying
this methodology to different ape species could allow for an understanding of behavioural
and cognitive differences in drawings linked to other cognitive (e.g., sociality, curiosity)
or personality (anxiety, boldness) aspects. To go further in the understanding of this
heterogeneity, it would be interesting to study these species (chimpanzees, orang-utans,
gorillas, and gibbons, which have never been studied concerning drawing) and individuals
further, but also to study mother–offspring pairs in order to identify a possible transmission
of the motivation or ability to draw. Cultural transmission of habits has been shown, for
example, in chimpanzees [50] and in orang-utans [51]. This type of study would contribute
to our understanding of the origins of drawing in humans.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/ani11113202/s1. Figures S1–S8 and Tables S1–S5. Figure S1: Inter-observer correlations
for quantitative variables in the classical analysis, Figure S2: On the left, schematic (top) and actual
(bottom) examples of (a) a covered cell, (b) an overlapped cell and (c) solid colour rate. On the
right, calculation of the distance to the centre. C is the centre of the paper sheet, M is the centre
of the drawing ellipse, and d is the diameter, Figure S3: examples of (a) a fan pattern, (b) a circle,
(c) a loop and (d) a triangle, Figure S4: Correlation chart of our quantitative variables, Figure S5:
Boxplots of each drawing metric per individual, Figure S6: Frequency of drawings per main colour
per individual, Figure S7: Number of drawings according to the seasons over the years, Figure S8:
Frequency of Molly’s drawings per main colour per season, Table S1: pairwise comparisons tests
(p-values) for each dimension between the five individuals, Table S2: pairwise comparisons tests
(p-values) for each metric of Dimension 1, Table S3: pairwise comparisons tests (p-values) for each
metric of Dimension 2, Table S4: pairwise comparisons tests (p-values) for each metric of Dimension
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3, Table S5: Loadings of the metrics on the three PCA dimensions of our dataset for Molly. Bold
values indicate the dimension in which each variable is retained.

Author Contributions: Conceptualization, C.S. and M.P. methodology, C.S., G.T. and M.P.; validation,
C.S. and M.P.; formal analysis, G.T., A.L., M.P. and C.S.; investigation, G.T., A.L., M.P. and C.S.;
resources, N.E. and M.S.; data curation, N.E. and M.S.; writing—original draft preparation, C.S. and
G.T.; writing—review and editing, all authors; visualization, C.S., A.L. and G.T.; supervision, C.S.,
M.P. and M.S.; project administration, C.S., M.P. and M.S.; funding acquisition, C.S., M.P. and M.S.
All authors have read and agreed to the published version of the manuscript.

Funding: This project has received financial support from the CNRS through the MITI interdisci-
plinary programs, the University of Strasbourg through an IDEX Exploratory Research program, and
from a KAKENHI program.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to Tama Zoological Park’s request
and copyright.

Acknowledgments: We are grateful to the Tama Zoological Park in Japan for the providence of
orang-utans drawings.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or
in the decision to publish the results.

References
1. Martinet, L.; Pelé, M. Drawing in Nonhuman Primates: What We Know and What Remains to Be Investigated. J. Comp. Psychol.

2020, 135, 176–184.
2. Martinet, L.; Sueur, C.; Hirata, S.; Hosselet, J.; Matsuzawa, T.; Pelé, M. New Indices to Characterize Drawing Behavior in Humans

(Homo Sapiens) and Chimpanzees (Pan troglodytes). Sci. Rep. 2021, 11, 3860. [CrossRef] [PubMed]
3. Locke, D.P.; Hillier, L.W.; Warren, W.C.; Worley, K.C.; Nazareth, L.V.; Muzny, D.M.; Yang, S.-P.; Wang, Z.; Chinwalla, A.T.;

Minx, P.; et al. Comparative and Demographic Analysis of Orang-Utan Genomes. Nature 2011, 469, 529–533. [CrossRef] [PubMed]
4. Dufour, V.; Pelé, M.; Neumann, M.; Thierry, B.; Call, J. Calculated Reciprocity after All: Computation behind Token Transfers in

Orang-Utans. Biol. Lett. 2009, 5, 172–175. [CrossRef] [PubMed]
5. Lethmate, J. Tool-Using Skills of Orang-Utans. J. Hum. Evol. 1982, 11, 49–64. [CrossRef]
6. Bardo, A.; Cornette, R.; Borel, A.; Pouydebat, E. Manual Function and Performance in Humans, Gorillas, and Orangutans during

the Same Tool Use Task. Am. J. Phys. Anthropol. 2017, 164, 821–836. [CrossRef] [PubMed]
7. Mendes, N.; Steinbeis, N.; Bueno-Guerra, N.; Call, J.; Singer, T. Preschool Children and Chimpanzees Incur Costs to Watch

Punishment of Antisocial Others. Nat. Hum. Behav. 2018, 2, 45–51. [CrossRef] [PubMed]
8. Damerius, L.A.; Burkart, J.M.; van Noordwijk, M.A.; Haun, D.B.; Kosonen, Z.K.; Galdikas, B.M.; Saraswati, Y.; Kurniawan, D.; van

Schaik, C.P. General Cognitive Abilities in Orangutans (Pongo Abelii and Pongo pygmaeus). Intelligence 2019, 74, 3–11. [CrossRef]
9. Mackinnon, J. The Behaviour and Ecology of Wild Orang-Utans (Pongo pygmaeus). Anim. Behav. 1974, 22, 3–74. [CrossRef]
10. Hanazuka, Y.; Kurotori, H.; Shimizu, M.; Midorikawa, A. The Effects of the Environment on the Drawings of an Extraordinarily

Productive Orangutan (Pongo Pygmaeus) Artist. Front. Psychol. 2019, 10, 2050. [CrossRef]
11. Boysen, S.T.; Berntson, G.G.; Prentice, J. Simian Scribbles: A Reappraisal of Drawing in the Chimpanzee (Pan troglodytes). J. Comp.

Psychol. 1987, 101, 82–89. [CrossRef] [PubMed]
12. Tanaka, M.; Tomonaga, M.; Matsuzawa, T. Finger Drawing by Infant Chimpanzees (Pan troglodytes). Anim. Cogn. 2003, 6, 245–251.

[CrossRef]
13. DeLoache, J.S.; Pickard, M.B.; LoBue, V. How very young children think about animals. In How Animals Affect Us: Examining the

Influences of Human–Animal Interaction on Child Development and Human Health; American Psychological Association: Washington,
DC, USA, 2011; pp. 85–99, ISBN 978-1-4338-0865-4.

14. Casti, A.B. Reaction to Stimulus Figures in Chimpanzee Drawings. Master Thesis, Central Washington University, Ellensburg,
WA, USA, 2016.

15. Schiller, P.H. Figural Preferences in the Drawings of a Chimpanzee. J. Comp. Physiol. Psychol. 1951, 44, 101. [CrossRef]
16. Morris, D. The Biology of Art: A Study of the Picture-Making Behaviour of the Great Apes and Its Relationship to Human Art; Taylor &

Francis: Abingdon, UK, 1962.
17. Smith, D.A. Systematic Study of Chimpanzee Drawing. J. Comp. Physiol. Psychol. 1973, 82, 406–414. [CrossRef] [PubMed]
18. Adi-Japha, E.; Levin, I.; Solomon, S. Emergence of Representation in Drawing: The Relation between Kinematic and Referential

Aspects. Cogn. Dev. 1998, 13, 25–51. [CrossRef]
19. Zeller, A. ‘What’s in a Picture?’ A Comparison of Drawings by Apes and Children. Semiotica 2007, 2007, 181–214. [CrossRef]

http://doi.org/10.1038/s41598-021-83043-0
http://www.ncbi.nlm.nih.gov/pubmed/33594111
http://doi.org/10.1038/nature09687
http://www.ncbi.nlm.nih.gov/pubmed/21270892
http://doi.org/10.1098/rsbl.2008.0644
http://www.ncbi.nlm.nih.gov/pubmed/19126529
http://doi.org/10.1016/S0047-2484(82)80031-6
http://doi.org/10.1002/ajpa.23323
http://www.ncbi.nlm.nih.gov/pubmed/28941286
http://doi.org/10.1038/s41562-017-0264-5
http://www.ncbi.nlm.nih.gov/pubmed/30980053
http://doi.org/10.1016/j.intell.2018.10.008
http://doi.org/10.1016/S0003-3472(74)80054-0
http://doi.org/10.3389/fpsyg.2019.02050
http://doi.org/10.1037/0735-7036.101.1.82
http://www.ncbi.nlm.nih.gov/pubmed/3568612
http://doi.org/10.1007/s10071-003-0198-3
http://doi.org/10.1037/h0053604
http://doi.org/10.1037/h0034135
http://www.ncbi.nlm.nih.gov/pubmed/4706580
http://doi.org/10.1016/S0885-2014(98)90019-3
http://doi.org/10.1515/SEM.2007.056


Animals 2021, 11, 3202 13 of 13

20. Crawford, E.; Gross, J.; Patterson, T.; Hayne, H. Does Children’s Colour Use Reflect the Emotional Content of Their Drawings?
Infant Child Dev. 2012, 21, 198–215. [CrossRef]

21. Matsuzawa, T. SAGA and GAIN for Great Apes. Primates 2016, 57, 1–2. [CrossRef] [PubMed]
22. Sueur, C.; Pelé, M. Importance of living environment for the welfare of captive animals: Behaviours and enrichment. In Animal Wel-

fare: From Science to Law; La Fondation Droit Animal, Éthique et Sciences: Paris, France, 2019; pp. 175–188. Available online: https:
//www.fondation-droit-animal.org/proceedings-aw/importance-of-living-environment-for-the-welfare-of-captive-animals/
(accessed on 7 November 2021).

23. Kellogg, R. Analyzing Children’s Art; National Press Books: Palo Alto, CA, USA, 1969.
24. Peterson, B.G.; Carl, P. PerformanceAnalytics: Econometric Tools for Performance and Risk Analysis. 2020. Available online:

https://rdrr.io/cran/PerformanceAnalytics/man/PerformanceAnalytics-package.html (accessed on 7 November 2021).
25. Lê, S.; Josse, J.; Husson, F. FactoMineR: A Package for Multivariate Analysis. J. Stat. Softw. 2008, 25, 1–18. [CrossRef]
26. Kaiser, H.F. The Varimax Criterion for Analytic Rotation in Factor Analysis. Psychometrika 1958, 23, 187–200. [CrossRef]
27. Hothorn, T.; Hornik, K.; van de Wiel, M.A.; Zeileis, A. Implementing a Class of Permutation Tests: The Coin Package. J. Stat.

Softw. 2008, 28, 1–23. [CrossRef]
28. R Core Team. R: A Language and Environment for Statistical Computing; R Foundation for Statistical Computing: Vienna, Austria,

2020.
29. Fox, J.; Weisberg, S. An R Companion to Applied Regression, 3rd ed.; Sage: Thousand Oaks, CA, USA, 2019.
30. Giraudoux, P. Pgirmess: Spatial Analysis and Data Mining for Field Ecologists. R Package Version 2018, 1, 678.
31. Horiguchi, M.; Uno, H. On Permutation Tests for Comparing Restricted Mean Survival Time with Small Sample from Randomized

Trials. Stat. Med. 2020, 39, 2655–2670. [CrossRef]
32. Good, P. Permutation, Parametric and Bootstrap Tests of Hypotheses, 3rd ed.; Taylor & Francis: Abingdon, UK, 2005.
33. Mangiafico, S. Rcompanion: Functions to Support Extension Education Program Evaluation. 2021. Available online:

https://www.researchgate.net/publication/307608990_rcompanion_Functions_to_support_extension_education_program_
evaluation_R_statistical_package (accessed on 7 November 2021).

34. Wickham, H. Ggplot2. Wiley Interdiscip. Rev. Comput. Stat. 2011, 3, 180–185. [CrossRef]
35. Pelé, M.; Thierry, B.; Call, J.; Dufour, V. Monkeys Fail to Reciprocate in an Exchange Task. Anim. Cogn. 2010, 13, 745–751.

[CrossRef] [PubMed]
36. Krupenye, C.; Kano, F.; Hirata, S.; Call, J.; Tomasello, M. Great Apes Anticipate That Other Individuals Will Act According to

False Beliefs. Science 2016, 354, 110–114. [CrossRef]
37. Martinet, L.; Sueur, C.; Beltzung, B.; Pelé, M. Understanding the Emergence of Drawing Behaviour with Age: A Multi-Metric

Analysis. Available online: https://osf.io/aybz6 (accessed on 7 November 2021).
38. Sueur, C.; Martinet, L.; Beltzung, B.; Pelé, M. Making Drawings Speak through Mathematical Metrics. arXiv 2021, arXiv:2109.02276.
39. Tigges, J. On Color Vision in Gibbon and Orang-Utan. Folia Primatol. 1963, 188–198. [CrossRef]
40. Mikellides, B. Colour psychology: The emotional effects of colour perception. In Colour Design; Elsevier: Amsterdam,

The Netherlands, 2012; pp. 105–128.
41. Rowland, H.M.; Burriss, R.P. Human Colour in Mate Choice and Competition. Philos. Trans. R. Soc. B Biol. Sci. 2017, 372, 20160350.

[CrossRef] [PubMed]
42. Vancatova, M. Creativity and Innovative Behaviour in Primates on the Example of Picture-Making Activity of Apes. Available

online: https://nsu.ru/xmlui/bitstream/handle/nsu/3372/05.pdf;sequence=1 (accessed on 7 November 2021).
43. Saito, A.; Hayashi, M.; Takeshita, H.; Matsuzawa, T. The Origin of Representational Drawing: A Comparison of Human Children

and Chimpanzees. Child Dev. 2014, 85, 2232–2246. [CrossRef]
44. Willats, J. Making Sense of Children’s Drawings; Psychology Press: Hove, UK, 2006; ISBN 978-1-135-62498-9.
45. Almeling, L.; Hammerschmidt, K.; Sennhenn-Reulen, H.; Freund, A.M.; Fischer, J. Motivational Shifts in Aging Monkeys and the

Origins of Social Selectivity. Curr. Biol. 2016, 26, 1744–1749. [CrossRef] [PubMed]
46. Sueur, C.; Quque, M.; Naud, A.; Bergouignan, A.; Criscuolo, F. Social Capital: An Independent Dimension of Healthy Ageing.

2021. Available online: https://ecoevorxiv.org/bg94n/ (accessed on 7 November 2021).
47. Gardner, H.; Wolf, D. The Symbolic Products of Early Childhood; Lawrence Erlbaum Associates, Inc.: Mahwah, NJ, USA, 1987.
48. Matsuzawa, T. The 40th Anniversary of the Ai Project: The Commemorative Gift Is a Silk Scarf Painted by Ai the Chimpanzee.

Primates 2017, 58, 261–265. [CrossRef] [PubMed]
49. Iversen, I.H.; Matsuzawa, T. Visually Guided Drawing in the Chimpanzee (Pan troglodytes)1. Jpn. Psychol. Res. 1996, 38, 126–135.

[CrossRef]
50. Whiten, A.; Goodall, J.; McGrew, W.C.; Nishida, T.; Reynolds, V.; Sugiyama, Y.; Tutin, C.E.; Wrangham, R.W.; Boesch, C. Cultures

in Chimpanzees. Nature 1999, 399, 682–685. [CrossRef] [PubMed]
51. Van Schaik, C.P.; Ancrenaz, M.; Borgen, G.; Galdikas, B.; Knott, C.D.; Singleton, I.; Suzuki, A.; Utami, S.S.; Merrill, M. Orangutan

Cultures and the Evolution of Material Culture. Science 2003, 299, 102–105. [CrossRef] [PubMed]

http://doi.org/10.1002/icd.742
http://doi.org/10.1007/s10329-015-0504-0
http://www.ncbi.nlm.nih.gov/pubmed/26682736
https://www.fondation-droit-animal.org/proceedings-aw/importance-of-living-environment-for-the-welfare-of-captive-animals/
https://www.fondation-droit-animal.org/proceedings-aw/importance-of-living-environment-for-the-welfare-of-captive-animals/
https://rdrr.io/cran/PerformanceAnalytics/man/PerformanceAnalytics-package.html
http://doi.org/10.18637/jss.v025.i01
http://doi.org/10.1007/BF02289233
http://doi.org/10.18637/jss.v028.i08
http://doi.org/10.1002/sim.8565
https://www.researchgate.net/publication/307608990_rcompanion_Functions_to_support_extension_education_program_evaluation_R_statistical_package
https://www.researchgate.net/publication/307608990_rcompanion_Functions_to_support_extension_education_program_evaluation_R_statistical_package
http://doi.org/10.1002/wics.147
http://doi.org/10.1007/s10071-010-0325-x
http://www.ncbi.nlm.nih.gov/pubmed/20473699
http://doi.org/10.1126/science.aaf8110
https://osf.io/aybz6
http://doi.org/10.1159/000165794
http://doi.org/10.1098/rstb.2016.0350
http://www.ncbi.nlm.nih.gov/pubmed/28533465
https://nsu.ru/xmlui/bitstream/handle/nsu/3372/05.pdf;sequence=1
http://doi.org/10.1111/cdev.12319
http://doi.org/10.1016/j.cub.2016.04.066
http://www.ncbi.nlm.nih.gov/pubmed/27345168
https://ecoevorxiv.org/bg94n/
http://doi.org/10.1007/s10329-017-0604-0
http://www.ncbi.nlm.nih.gov/pubmed/28293756
http://doi.org/10.1111/j.1468-5884.1996.tb00017.x
http://doi.org/10.1038/21415
http://www.ncbi.nlm.nih.gov/pubmed/10385119
http://doi.org/10.1126/science.1078004
http://www.ncbi.nlm.nih.gov/pubmed/12511649

	Introduction 
	Materials and Methods 
	Subjects and Collection of Drawings 
	Ethics Note 
	Data Collection 
	Quantitative Variables 
	Qualitative Variables 

	Statistical Analysis 

	Results 
	Comparative Analyses between Individuals 
	Longitudinal Changes in Molly’s Drawing 

	Discussion 
	Conclusions 
	References

