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Figure 4. Scatter plot displaying free choice and central figure mean x and y coordinates per 

participant. Free choice coordinates are outlined squares and central figure coordinates are filled 

in. Lines connect each individual’s free choice and central figure coordinates to illustrate 

interactions.  
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Table 4 

 

Tukey Simultaneous Tests for Differences of Mean y Coordinates in Free Choice and Central Figure Categories  

 

Difference of Levels Difference of Means SE of Difference T-Value Adjusted P-Value 

BOOEE-ALLY -52.79 29.13 -1.81 0.5397 

BRUNO-ALLY -50.99 31.62 -1.61 0.6743 

CINDY-ALLY 30.95 27.78 1.11 0.924 

LUCY-ALLY -74.76 30.74 -2.43 0.1853 

THELMA-ALLY -4.21 27.78 -0.15 1 

WASHOE-ALLY -19.08 26.35 -0.72 0.9912 

BRUNO-BOOEE 1.81 29.39 0.06 1 

CINDY-BOOEE 83.75 25.21 3.32 0.0156 

LUCY-BOOEE -21.96 28.44 -0.77 0.9876 

THELMA-BOOEE 48.58 25.21 1.93 0.462 

WASHOE-BOOEE 33.71 23.62 1.43 0.7873 

CINDY-BRUNO 81.94 28.04 2.92 0.0539 

LUCY-BRUNO -23.77 30.98 -0.77 0.988 

THELMA-BRUNO 46.78 28.04 1.67 0.6376 

WASHOE-BRUNO 31.9 26.63 1.2 0.8952 

LUCY-CINDY -105.71 27.05 -3.91 0.0018 

THELMA-CINDY -35.16 23.63 -1.49 0.752 

WASHOE-CINDY -50.03 21.93 -2.28 0.2527 

THELMA-LUCY 70.54 27.05 2.61 0.1234 

WASHOE-LUCY 55.67 25.58 2.18 0.3083 

WASHOE-THELMA -14.87 21.93 -0.68 0.9938 

Individual confidence level = 99.66% 
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x-axis than the left-sided figure mean (748.43). Mean x coordinates were not significantly 

different between participants F(3,30) = .70, p = .55. There was not a significant interaction 

between stimulus type and participants F(3,30) = 1.79, p = .17.  

 Mean y coordinates were significantly different between stimulus type F(1,30) = 24.17, p 

= <.0001 and participants F(3,30) = 32.02, p = <.0001. Figure 3 displayed the left-sided figure 

mean (687.55) lower on the y-axis than the right-sided figure mean (565.16). There was also a 

significant interaction between stimulus type and participants F(3,30) = 3.91, p = .01. Tukey’s 

HSD tests showed individual differences between Booee versus Ally, Lucy versus Ally, Washoe 

versus Booee, and Washoe versus Lucy (see Table 5). Figure 5 shows the distribution of means 

between stimulus types for each chimpanzee. In this figure the interaction is apparent in that on 

the y-axis, Ally and Washoe’s centroids are farthest from Lucy and Booee’s centroids.  
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Table 5 

 

Tukey Simultaneous Tests for Differences of Mean y Coordinates for Offset Figure Categories 

 

Difference of Levels Difference of Means SE of Difference T-Value Adjusted P-Value 

BOOEE-ALLY -264.08 49.25 -5.36 <0.0001 

LUCY-ALLY -270.18 47.94 -5.64 <0.0001 

WASHOE-ALLY -46.89 49.25 -0.95 0.7771 

LUCY-BOOEE -6.11 49.25 -0.12 0.9993 

WASHOE-BOOEE 217.18 50.53 4.3 0.0008 

WASHOE-LUCY 223.29 49.25 4.53 0.0004 

Individual confidence level = 98.93% 
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Figure 5. Scatter plot displaying offset figure mean x and y coordinates per participant. 

Coordinates from right-sided figures are outlined squares and coordinates from left-sided figures 

are filled in. Lines connect each individual’s right-sided and left-sided figure coordinates to 

illustrate interactions. 
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CHAPTER V 

 

DISCUSSION 

 

Mean x and y coordinates were significantly different between stimulus type for free 

choice and central figures, which showed that drawings were contingent on figures versus a 

blank page. For free choice drawings, Ally, Booee, Bruno, Thelma and Washoe’s centroids were 

slightly above the physical center of the page while Cindy and Lucy’s centroids were well above 

or slightly below the physical center (see Figure 4). For central figure stimuli, all centroids were 

located slightly above the physical center of the page, except Booee with a centroid below the 

physical center (see Figure 4). This shows that chimpanzees tend to mark in the center of the 

blank page, but the centroid changes with the addition of a central stimulus figure. Numerous 

other studies (Boysen et al., 1987; Morris, 1962; Schiller, 1951; Smith, 1973; Zeller, 2007) also 

showed patterns of central marking.  

Figure 4 displayed individual differences in centroid placement. There were significant 

differences between Ally’s versus Booee’s pattern and Ally’s versus Thelma’s pattern (see Table 

3). Figure 4 illustrated these differences by showing the distance between centroids per 

participant.  

The centroids for left versus right-sided stimuli were located significantly different from 

each other. Centroids averaged below and to the left of the physical center of the page for left-

sided figures and above and to the right of the physical center of the page for right-sided figures 

(see Figure 3). All offset centroids were located in areas absent of stimulus figures, which 

provided evidence for space filling and balance. Figure 6 shows examples of offset figure 

drawings. Results also supported previous findings of space filling/balance for offset stimulus  
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Figure 6. Selected drawing examples from all chimpanzees per category. Bruno, Cindy, and 

Thelma did not produce drawings for offset figure categories.  
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figures (Morris, 1962; Schiller, 1951; Smith, 1973). There were individual patterns in centroid 

placement with lines connecting left-sided versus right-sided centroid pairs per participant. There 

were significant differences between Ally’s versus Lucy’s pattern, Ally’s versus Booee’s pattern, 

Washoe’s versus Lucy’s pattern, and Washoe’s versus Booee’s pattern (see Table 4). Figure 5 

illustrated these differences by showing the distance between centroids per participant.  

All participants showed visible pattern shifts across stimulus figure categories and free 

choice drawings. Summary matrices from the researcher’s tally mark analysis provided visual 

representations of overall mark frequency and distribution (see Figure 7). Free choice and central 

figure summary matrices showed cells in and around the physical center filled 75-100 percent for 

all participants. Offset summary matrices showed a visible shift in mark distribution. Ally, 

Booee, and Washoe distributed their marks across more cells than Lucy in both offset categories. 

Booee and Lucy’s left-sided summary matrices showed a tendency to mark towards the upper 

left side of the page, while Ally and Washoe’s offset summary matrices showed central 

distribution. Figure 6 shows examples of drawings per stimulus category.  

This study was the first of its kind to analyze drawings from an archival database with 

modern image analysis technology. Digitizing and analyzing this collection of drawings added 

to the body of research showing central mark distribution and provided new data on how 

chimpanzees respond contingently to stimulus figures. The researcher first adapted Smith 

(1973) and Boysen et al.’s (1987) procedures to provide visual summaries of mark distribution 

per participant. The researcher then created a custom Python program that digitally analyzed 

the drawing, producing dependent variables to achieve powerful statistical analysis. This 

method allowed for extremely detailed results on the pixel level and will aid in future drawing 

studies.  
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Figure 7. Summary matrices graphically depicted for proportion of same cells marked across 

each drawing category per chimpanzee. Bruno, Cindy, and Thelma did not produce drawings for 

offset figure categories. The relative size of the blackened area in each cell represents the 

proportion of the individual drawings in which the corresponding cell was marked (blank = 0% 

and completely filled = 100%). 
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The drawings were part of a data set created over 40 years ago. The original 

experimenters created 31 categories and issued categories 1-22 to four of the seven participants 

(Ally, Booee, Lucy, and Washoe). Categories 23-31 were issued to all seven participants, but 

these categories were all central stimulus figures of similar size and shape (see Figure 1). 

Drawings and the number of participants were low for all categories except central figures and 

free choice drawings. Future studies could collect drawings from more participants that reacted 

to stimulus figures of various size, shape, and location to provide additional evidence of mark 

placement patterns. Information on mark sequence could show the drawing process from 

beginning to end, providing information about when and how participants reacted to stimulus 

figures. It would be interesting to analyze how often participants’ lines intersected stimulus 

figures or were placed inside the stimulus shape.  

Convex hull is a mathematical term referring to the smallest bounded subset of points on 

a two-dimensional plane. Measuring convex hulls in chimpanzee drawings could provide 

additional quantitative information about mark distribution. As appears in Figure 8, the convex 

hull would show the boundaries of marks in each category per participant. A challenge with this 

analysis is the nuance of line weight and what analysis software constitutes as a registered mark.  

The program built for this study inverted images and measured marked pixels only on a 

binary level. Some participants like Lucy and Booee barely touched the paper with the pencil, 

while others like Washoe pressed so hard that her pencil pierced through the paper. See Figure 6 

for drawing examples. The Python program might have ignored very lightly drawn marks when 

inverting the drawings into black and white. Future studies could analyze drawings on an 8-bit 

gray scale instead of binary to ensure the analysis of all drawn marks.  
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Figure 8. Convex hull example: Washoe, free choice  
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The main principle of Gestalt psychology is that the whole is other and/or different than 

the sum of its parts. Gestalten arises in young children during the scribble phase as an early 

visual discovery of motor play. Chimpanzees in drawing studies all participated in exploratory 

motor play while making marks for “mark’s sake,” suggesting an intrinsic motivation to draw. 

Human children begin making marks on paper as early as 12 months by first exhibiting the motor 

sensations of the drawing utensil on paper (Gardner, 1980, p. 10). Piaget (1948) describes this 

transition:  

Actually, the very first form of drawing does not seem imitative and has characteristics 

of pure play, but it is a play of exercise: this is the scribbling the child of two to two and a 

half engages in when he is given a pencil. Very soon, however, the subject thinks he 

recognizes forms in his aimless scribble, with the result that soon thereafter he tries to 

render a model from memory, however poor a likeness his graphic expression may be 

from an objective point of view. As soon as this intention exists, drawing becomes 

imitation and image. (p. 495) 

Chimpanzees use drawing as exploratory motor play to express reactions to stimulus figures. 

Gestalt psychology claims, “organized units or structuralized configurations are the primary 

forms of biological reactions at least at the psychological level of [non-human] animal behavior, 

and that in the sensory field these organized units or gestalten correspond to configurations of the 

stimulating world” (Bender, 1938, p. 5). Chimpanzee drawings are structuralized configurations 

in reaction to the physical/emotional sensations of drawing and the stimulus figures on the page.   

Researchers in West Africa recently observed chimpanzees habitually banging and 

throwing rocks against trees, or tossing them into tree cavities, resulting in “conspicuous stone 

accumulations” (Kuhl, Kalan, Arandjelovic, et al., 2016, p. 2). A possible explanation for this 
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stone caching and throwing behavior is that the chimpanzees were “triggered by thoughts of awe, 

wonder” at magnificent natural features or events (King, 2016, p. 2). Meanwhile humans 

participate in aesthetic experiences when erecting Cairns or skipping rocks on water. 

Chimpanzees too may be creating an aesthetic experience by placing rocks in piles (Jensvold, 

2016). Human artists practice personal aesthetics by choosing color, composition, balance, and 

subject matter. Chimpanzees in this study showed central marking and balance, which too may 

be a demonstration of aesthetic experience.  

The findings in this study support previous conclusions that chimpanzee drawings are not 

random acts on paper, but are deliberate exploratory choices that vary across species and on an 

individual level (Boysen et al., 1987; Morris, 1962; Schiller, 1951; Smith, 1973; Zeller, 2007). 

Communicating intent behind the marks of a non-human species is fascinating to 

anthropologists, primatologists and art historians alike, for it provides further evidence for a 

continuity of species. Analyzing and interpreting these drawings enlighten us about the behavior 

of another species and possibly about the behavior of early humans, who began expressing 

themselves visually through symbols and figures tens of thousands of years ago (Bahn, 1998, p. 

xii).  
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