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Abstract The stacking-block task has been used to assess
cognitive development in both humans and chimpanzees.
The present study reports three aspects of stacking behavior
in chimpanzees: spontaneous development, acquisition process following training, and physical understanding assessed
through a cylindrical-block task. Over 3 years of longitudinal observation of block manipulation, one of three infant
chimpanzees spontaneously started to stack up cubic blocks
at the age of 2 years and 7 months. The other two infants
began stacking up blocks at 3 years and 1 month, although
only after the introduction of training by a human tester
who rewarded stacking behavior. Cylindrical blocks were
then introduced to assess physical understanding in object–
object combinations in three infant (aged 3–4) and three
adult chimpanzees. The flat surfaces of cylinders are suitable for stacking, while the rounded surface is not. Block
manipulation was described using sequential codes and analyzed focusing on failure, cause, and solution in the task.
Three of the six subjects (one infant and two adults) stacked
up cylindrical blocks efficiently: frequently changing the
cylinders’ orientation without contacting the round side to
other blocks. Rich experience in stacking cubes may facilitate subjects’ stacking of novel, cylindrical shapes from the
beginning. The other three subjects were less efficient in
stacking cylinders and used variable strategies to achieve the
goal. Nevertheless, they began to learn the effective way of
stacking over the course of testing, after about 15 sessions
(75 trials).
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Introduction
Cognitive development in human infants and children has
been investigated by researchers using a range of experimental methods and described through various unitary scales
(Bayley 1969; Case 1985; Gibson 1969; Greenfield 1991;
Uzgiris and Hunt 1975). These methods and scales have also
been applied to assess cognitive ability in nonhuman primates (Gómez 2004; Parker and McKinney 1999). Cognition
in the physical domain has received considerable attention
from researchers because it can be tested even in the absence
of verbal responses. Understanding the physical properties
of objects may be essential in daily activity of nonhuman
primates. Based on Piagetian theory of development in the
physical domain (object concept, causality, space, and time),
comparative data have been accumulated for nonhuman primates (Mathieu et al. 1980; Parker and Gibson 1977; Parker
and McKinney 1999; Vauclair and Bard 1983). Ape infants
show developmental patterns similar to those in humans in
terms of the sequential course of development in the physical
domain. However, differences exist in terms of developmental speed and the absence of some advanced stages. For example, both humans and nonhuman primates progress through
increasingly advanced developmental stages in the same order; however, the age at which particular stages emerge may
differ among the species.
Previous works have also addressed physical causal understanding as a basis of physical cognition. Köhler (1957)
investigated tool-using ability in an insightful manner based
on subjects’ understanding of tool function. He provided
Springer
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chimpanzees with situations where tools needed to be used
to achieve a goal. He showed that the chimpanzees were capable of using tools in solving a problem, although he also
noticed peculiar errors and mistakes during testing. For example, in piling up boxes to reach for a banana suspended
from the ceiling, the chimpanzees seemed to ignore whether
the stacked boxes were correctly balanced (see KarmiloffSmith and Inhelder 1975 for human development in a block
balancing task). In another episode, a chimpanzee held a box
as high as her head and pressed it against the wall, while at
the same time trying to climb on top of it.
There have been various experimental settings designed to
study physical causal understanding in nonhuman primates.
One example of such experimental paradigms addresses the
functionality of tools, as it entails an understanding of objects and relations between them by employing a simple
tool-choice task. This aims to assess subjects’ understanding
of the functionality of tools to retrieve food rewards (Fujita
et al. 2003; Hauser 1997; Povinelli 2000; Santos et al. 2003,
2005). In a typical setup, there would be two alternative tools
in different spatial configurations or with different tool properties (shape, size, and texture). If the subjects understand
the physical causality involved in tool use, they should be
able to choose the functional configurations and properties
of tools which allow effective use of these objects for the
retrieval of food. Another line of studies uses a transparent
tube containing a food item. For example, Visalberghi et al.
(1995) provided subjects with tools that required modification (by disassembling) before they could be used to push the
food out of the tube. The subjects had to change the physical
properties of the objects provided – such as unwrapping a
bundle of sticks to obtain a single stick – before these could
be inserted into the tube. The ability to modify the shape of
the tool has also been studied in different settings (Povinelli
2000, Weir et al. 2002). One variant of the tube task is called
the “trap tube problem” (Limongelli et al. 1995; Visalberghi
and Limongelli 1994), where a hole is created in the middle of the transparent tube, which traps any food that passes
over it. The individual now has to push the reward out from
a particular end of the tube so as to avoid the trap.
Povinelli and Dunphy-Lelii (2001) invented a unique test
to examine physical cognition in chimpanzees. The subjects
were required to make an oblong block stand on a platform.
In a crucial probe trial, one of the blocks (referred to as the
“sham” block) could not be made to stand, as its shape was
beveled or its weight unbalanced. This task can be categorized as a test of understanding physical causality of object
properties in relation to the supporting substrate and gravity.
The researchers measured whether the subjects explored the
object in search of the cause of failure on the task. For this
purpose, they focused on behaviors such as examining the
block visually or tactilely and compared the performance of
chimpanzees to that of human children. The chimpanzees
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tried as hard as humans to get the sham block to stand, and
both species detected their failure in the task. In contrast,
however, chimpanzees showed fewer behaviors examining
the cause of the failure, particularly when no apparent differences existed between the normal and sham blocks. It is
important to note that the sham-block task was, in fact, impossible to solve: the subjects could not change the outcome
by examining the block. How can we provide subjects with
an opportunity to solve such problems following examination? The answer may be provided by the stacking-block
task.
The stacking of blocks has been used to assess cognitive
development in humans and chimpanzees (Forman 1982;
Hayes 1951; Tanaka and Tanaka 1982; Takeshita 2001).
Human infants first begin to stack up blocks at around 1
year of age, and they succeed in stacking up eight blocks at
around 2 years (Ikuzawa 2000). Thereafter, humans proceed
to construct a variety of structures from blocks (Reifel and
Greenfield 1982), and to copy structures built by a tester using blocks (Tanaka and Tanaka 1984). Researchers have also
examined stacking-block behavior in chimpanzees. Both juvenile and adult chimpanzees possess the ability to stack
up blocks, although differences between chimpanzees and
humans in block manipulation have also been suggested
(Hayashi and Matsuzawa 2003; Matsuzawa 1987; Potı̀ 2005;
Potı̀ and Langer 2001).
The stacking of blocks requires the ability to combine
multiple detached objects.1 Subjects have to place a block on
top of an existing tower without toppling the structure. They
also have to adjust the placement of blocks to ensure a wellbalanced tower. They are required to finely control their manual movement to accurately position the block on the tower
and to then release their grip on the block. There have been reports of the successful stacking of blocks by great apes, however no such results have been obtained from monkeys. Since
monkeys also possess the skills necessary for fine, dexterous
manipulation of objects, the lack of stacking may imply that
high levels of cognition or physical causal understanding
among objects are also involved in the behavior. The first part
of the current study presents a developmental perspective on
the stacking of blocks in infant chimpanzees. I provided three
mother-reared chimpanzees with opportunities of free block
1

Combinatory manipulation has been of interest to researchers as a
prominent feature of object manipulation potentially shedding light on
cognitive capability. Several terms have been used by different authors
to describe the behavior of relating a detached object to another object
or substrate: combinatory manipulation (Fragaszy and Adams-Curtis
1991), combinatorial manipulation (Westergaard 1993; Westergaard
and Suomi 1994), secondary manipulation (Torigoe 1985), and orienting manipulation (Takeshita and Walraven 1996). The term “object–
object combination” was used by Hayashi and Matsuzawa (2003) to
refer to the behavior of combining multiple detached objects. Hayashi
et al. (2006) reviewed the terms of object manipulation including combinatory manipulation.
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manipulation for 3 years after birth in order to document the
spontaneous development of stacking behavior. Thereafter, I
began to encourage the same three infants to stack up blocks,
so as to explore their cognitive capacity for making vertical
stacks.
To manipulate experimentally the complexity of physical
causal understanding required to solve a task, the present
study also introduces a new stacking task: utilizing blocks of
different shapes, such as a mixture of cubes and cylinders.
The shape of a cube facilitates stacking because a block at the
base can support a block on top as long as the surfaces of the
two blocks overlap sufficiently. Unlike cubic blocks, cylinders can be positioned in two different orientations relative
to the support surface. In the “upright” position, where the
cylinder touches the block underneath with one of its flat surfaces, is suitable for stacking and will also support the next
block on top. In the other, “sideways” position, the cylinder
is placed on another block with its rounded surface touching. This orientation neither produces stable stacking nor
will support the next block. Thus, the subject has to choose
correctly between the two types of placement to successfully stack up cylindrical blocks. The stacking of cylindrical
blocks therefore requires an understanding of the physical
properties of the individual objects and also their function as
support structures in the stacking task.
The task used in the present study was a simple one:
subjects were required to stack up four blocks, including
two cylinders. The goal of stacking up all four blocks was
rewarded by the human tester with food. Even when they
failed to stack up the four blocks and gave up stacking,
the subjects got food reward. In this way, the subject remained motivated to solve the task and continued to participate in the testing sessions. There were many possible
ways to achieve the goal of the task. However, some ways
were more effective than others. It is possible to assess the
subjects’ physical understanding by examining their manipulative behavior of cylindrical blocks shown in the course of
achieving the goal. If the subject understands the physical
properties of the cylindrical blocks, he will choose the flat
side of the cylinder for stacking and may actively change
the orientation of the cylinder whilst doing so. In contrast,

Table 1 Details of the
chimpanzee subjects who
participated in the present study

a subject, who does not possess this physical understanding,
may show many errors or ineffective manipulations of the
cylinder. The subjects have to interpret the shape of cylinders
and adjust their orientation in order to stack up all four blocks
efficiently.
Taken together, the stacking of blocks – particularly using
different shapes – may represent a useful diagnostic task
for testing physical understanding in the context of object–
object combination. Multiple detached objects need to be
combined into a tower structure counteracting gravity. The
rounded side of a cylindrical block is not suitable as a surface
upon which the next block can be stacked. In this sense, not
only the physical constraints inherent in an object but also
the relationships among objects must be taken into account
to solve the task.
Following on from the points discussed earlier, the present
study aimed to address three questions concerning stackingblock behavior in chimpanzees. First, when in the course
of chimpanzee development does spontaneous stacking first
appear? Second, how far can stacking skills be extended
through training? Third, what kind of failures, causal cognition, and solutions for the problem can be found in the
cylindrical-block task?

Methods
Subjects
Three infant and three adult chimpanzees (Pan troglodytes)
participated in the experiment (Table 1). All six subjects
were members of a social group of 15 chimpanzees, living
in an enriched environment at the Primate Research Institute, Kyoto University (Matsuzawa 2006). The three infants
were being raised by their own biological mothers in the
group, and participated in various cognitive tasks together
with their mothers, including a face-to-face task with human
testers (Hayashi and Matsuzawa 2003; Matsuzawa 2003).
First, free block manipulation by the three infants was observed without any training during their first 3 years of life,
in order to examine spontaneous developmental patterns in

Subject (sex)

Date of birth

Stacking experience

Ayumu (male)
Cleo (female)

April 24, 2000
June 19, 2000

Trained from 3 years 1 month
Trained from 3 years 1 month

Pal (female)
Ai (female)
Pan (female)
Akira (male)

Test period of cylindrical-block task

3 years 6 months to 4 years 1 month
3 years 7 months to 4 years
2 months
August 9, 2000
Spontaneous stack at 2 years
3 years 2 months to 3 years
7 months
10 months
October 1976
Trained from childhood
At 27 years
December 7, 1983 Trained from childhood
At 19 years
April 1976
Trained from just before the test At 28 years
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chimpanzee infants. Then, the three infants were trained to
stack up blocks in a face-to-face setting to elucidate cognitive capability involved in stacking blocks through training. After the mastery of cubic-block stacking, the present
task using cylindrical blocks was introduced to the infant
subjects.
The three adult chimpanzees were also tested in the same
cylindrical-block task. Two subjects (Ai and Pan) were adult
females with extensive prior experience of participating in
several different kinds of cognitive tasks, including the stacking of cubic blocks (see Matsuzawa 2003 for a review). The
third was an adult male (Akira), who had more limited experience in object-manipulation tasks. He was first given
training (five sessions) in stacking up cubic blocks 2 months
ahead of the cylindrical-block task, after a long hiatus in participating in face-to-face tasks. All six subjects in the present
study participated in the face-to-face tasks voluntarily and
collaborated with human testers.
Materials
Two kinds of cubic blocks were used during the first 3 years
of observation of the infants’ development. Smaller cubic
blocks measured 2.5 cm × 2.5 cm × 2.5 cm and were painted
red or green. Larger cubic blocks were 5 cm × 5 cm × 5 cm,
painted white, red, blue, or yellow. Two cubic blocks
(5 cm × 5 cm × 5 cm) and two cylindrical blocks (diameter 5 cm, height 5 cm) were used as materials for the
subsequent cylindrical-block task, and they were unpainted
and unvarnished. All types of blocks were made from
wood.
Procedures
Developmental processes of stacking behavior
Different sets of procedures were used in the three phases
of the present study. The first phase focused on the developmental processes of stacking behavior in chimpanzee infants.
Spontaneous manipulation of blocks by the infants was observed without any training or prompting by human testers
during the infants’ first 3 years of life. Smaller cubic blocks
were given to all three infants once a week for about 5 min
over the course of 3 years (see Hayashi and Matsuzawa 2003
for a report of the development during the first 2 years).
The infants were allowed to freely manipulate 8–16 blocks
while their mothers engaged in the stacking-block task in
a face-to-face situation with a human tester. Larger cubic
blocks were given to Ayumu and Pal for about 10–15 min
per day, on average 5 days a week, during their second
and third year. They were given four or more blocks during the observation of free manipulation while the mothers
performed stacking tasks using colored blocks. Thus, in this
Springer

first phase, the stacking behavior of the mothers was the only
possible source for the infants to be motivated for stacking
blocks.
Training of stacking behavior
The second phase focused on infant chimpanzees’ ability to
stack up blocks when they were trained to do so. The human tester began to provide training and food reward for
stacking up cubic blocks to all three infants at the age of
3 years and 1 month. The tester gave a block to an infant
while holding another block placed on the floor and tapping or pointing to its top. If the infant oriented the block to
the one on the floor, the human tester verbally encouraged
the infant to continue. If the infant successfully stacked up
the block, the human tester provided social praise and gave
the infant a piece of fruit (such as a small slice of orange).
One of the infants (Cleo) showed no orienting response toward the appropriate block and instead attempted to give her
block back to the tester during the first training session. To
facilitate stacking behavior, two or three blocks were glued
together to emphasize the height of a tower of blocks. The
tester placed his hand near to the top of the glued tower to
elicit an orienting response from the infant toward his hand
(and, through spatial proximity, also toward the top of the
glued tower). If the infant (Cleo) oriented to or contacted
the block in her hand with the glued tower, a piece of apple was delivered as a food reward. Using this procedure,
the infant gradually learned to stack up a block on top of another. After the infants learned to stack one block on another,
the human tester presented additional blocks (more than 10
blocks were available) in succession to construct taller towers. To continue to encourage the subjects, food reward was
given after several blocks were stacked and/or at the time
the tower eventually collapsed. The training lasted around 5
min and was conducted once a day, several times a week.
One adult (Akira) was also trained to stack up cubic blocks
through procedures identical to those used for the infants,
with training lasting about 5 min a day, on average once a
week.
Introduction of cylindrical blocks
The third phase consisted of the introduction of the
cylindrical-block task to the chimpanzees who had already
acquired the skill of stacking up cubic blocks. Two different
methods were used for presenting the four wooden blocks
(two cubes and two cylinders) used in the task: simultaneous presentation and successive presentation. Simultaneous
presentation meant that all four blocks were provided to the
subject at the same time. One of the two cylindrical blocks
was presented in the upright position (touching the ground
with its flat side), while the other cylinder was presented side-
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ways (touching the ground with its rounded side). Successive
presentation meant that the four blocks were provided one
at a time in a random order. The base block was either a
cubic block or a cylindrical block in the upright position,
held to the ground by the human tester’s hand. Simultaneous
presentation was used in most cases for both infants and
adults. Successive presentation was applied in sessions 1–21
for Cleo and sessions 26–50 for Pal. Successive presentation
made the goal of the task clearer to the infant subjects, i.e.,
to stack up the blocks presented into a tower, and it was also
helpful in maintaining their motivation to participate in the
face-to-face stacking task. However, under both presentation
conditions, two cubes and two cylinders (one upright and
one sideways), were given to the subjects in the first place.
Thus, both types of presentation were sufficient to illuminate
the effectiveness of manipulative patterns of the cylindrical
blocks.
The human tester faced the chimpanzee subjects inside an
experimental booth in the context of a controlled test situation. A piece of fruit was given to the subjects as food reward
at the end of each trial, regardless of the effectiveness of manipulative patterns. Thus, no specific type of manipulation
was rewarded other than stacking up all four blocks presented to the subjects. To maintain the subjects’ motivation
to participate in the task, if subjects stopped manipulating
blocks after a long sequence of errors and gave the blocks
back to the tester, they were nevertheless given food reward.
The quality of the food reward was generally higher than that
used in computer-controlled tasks (where it often consist of
a very small piece of apple delivered after each correct trial),
incorporating fruits that were desirable but not frequently
provided in large pieces (such as slices of pineapple, pear, or
plum).
One session consisted of five trials, with each session
lasting about 5 min. Each subject received only one session
per day. The stacking-block task was performed as part of a
daily series of cognitive tests (lasting about 15 min in total) in
a face-to-face situation. Block manipulation by the subjects
was video recorded using SONY digital video cameras from
outside of the experimental booth through transparent acrylic
panels.
Analysis
During the first and second phase of the present study, the
maximum number of blocks that were stacked into a tower
was recorded each day. During the third phase (cylindricalblock task), I transcribed the subjects’ manipulation of the
blocks in the form of sequential codes. This notation system
was first applied in a previous study to describe whole sequences of nesting-cup manipulation by chimpanzees and
humans (see details in Hayashi 2006). Each segment of
object manipulation was denoted as a code consisting of
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two numbers and one alphabetical code referring to “object,” “location,” and “action,” respectively. The first number referred to the “object,” i.e., what was manipulated
by the subject. The alphabetical code referred to the “action” involved in the manipulation, i.e., how the object was
manipulated. The second number referred to “location” in
an object–object combination, i.e., where the manipulated
object was related to. Each segment consisting of object–
action–location information was separated from those before and after it by slashes. In this manner, the entire flow
of manipulation could be described in the form of sequential
codes.
I differentiated between the shape (cube or cylinder) and
the orientation (in the case of cylinders) of blocks in “object” and “location”: cubic block (0), cylindrical block in
the upright position (1), cylindrical block in an oblique position at the time of contact with another block (2), cylindrical
block in the sideways position (3), or any combination of
these within a tower (e.g., 301 referred to a cylindrical block
resting in the sideways position on top of a cubic block,
which, in turn, was positioned on top of a cylindrical block
in the upright position). I distinguished among 18 different
manipulation patterns in the “action” code (see details in
Table 2). For example, Ayumu’s manipulation of the blocks
in the first trial of session 15 can be described by the codes
1P0/0P10/3VM/1P010//, meaning that he first placed a cylindrical block in the upright position on top of a cubic block,
then placed a cubic block on top of both (the cylindrical
block in the upright position and the cubic block), adjusted
the orientation of the cylindrical block from sideways to upright position using his mouth and hand, and finally placed
the second cylindrical block in the upright position on top of
this tower of three blocks. The Appendix shows all manipulation of blocks by two infant chimpanzees (Ayumu and Pal)
during the first test session.
The manipulation of cylindrical blocks by each infant and
adult chimpanzee during the first test session was plotted on a
two-dimensional plane. This aimed to visualize and compare
the manipulative patterns performed by each subject in terms
of two measures that described effectiveness in stacking up
the cylinder. The plane was defined by the percentage of
contacts made with cylinders in the sideways position and the
percentage of changes in cylinder orientation. Such plots can
be informative regarding individuals’ knowledge about the
physical properties of cylindrical blocks and the frequency
with which subjects changed the orientation of cylindrical
blocks in order to facilitate stacking.
I then focused on three measures to explore changes over
the course of testing in the manipulative behavior of the
three infants. The first measure, “failure,” was the number
of falls that occurred from a tower of stacked blocks. The
second measure, “cause,” corresponded to the number of
contacts made with cylinders in the sideways position. The
Springer
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Table 2

List of action codes

∗
Falls from a tower are prefixed
with a minus sign and the
number of blocks that fell, e.g.,
/-3L/.

Code Action

Description

U

Put

P
H
D
CD
CS
CC

Pile
Hit
Disassemble
Change direction by dropping
Change direction with single hand
Change direction while in contact

CM
CB
L
T
R

Change direction with mouth
Change direction with both hands
Fall
Touch
Replace

F
S
B
A
M

Floor
Support
Hand back
Adjust
Miscellaneous

Contact a block to another block(s) and retrieve it without
releasing
Pile a block onto another block(s)
Hit a block with the hand or with another block
Remove a block from a tower of blocks
Change the orientation of a block by dropping it on the floor
Change the orientation of a block while holding it in one hand
Change the orientation of a block while keeping it in contact
with another block or the floor
Change the orientation of a block using mouth and hand(s)
Change the orientation of a block using both hands
Fall of single held object or fall from a tower of blocks∗
Touch a block or a tower without changing its position
Take a block and change its position on the floor without
contacting it to another block
Put a block on the floor
Keep holding the top block on a tower
Hand back block(s) to the human experimenter
Adjust the position of the top block on a tower
Other forms of behavior, such as mouthing or throwing

third measure, “solution,” was the number of changes in
the orientation of cylindrical blocks from sideways to upright. I differentiated among five patterns: change in orientation resulting from dropping a block, change in orientation
while in contact with another block or the floor, change
in orientation using one hand, change in orientation using
the mouth, and change in orientation using both hands. All
three measures were calculated as percentages of the total number of segments in the sequential codes recorded
during a session and designed to show the relative proportion of each behavioral measure to the total manipulation
length (as length of manipulation varied among trials and
individuals).
Other types of manipulative behavior also recorded during
the course of testing are listed in Table 3. Fifteen categories
of behavior were used to examine the manipulative patterns
of the subjects in detail. These categories were devised in
order to illuminate typical error patterns as well as the strategies to solve the problem. The presence/absence of each
behavioral category within a session was recorded for each
subject. Categories 1–4 focused on the stacking of cylinders
in the sideways position and the resulting fall of the block(s).
Categories 5–8 focused on the adjustment of behavior in the
course of cylindrical-block manipulation. Category 9 corresponded to the subject taking advantage of an accidental
change in the cylinder’s orientation. Categories 10 and 11
recorded instances of subjects stacking a sideways cylinder
as the fourth and final block of a tower. In categories 12 and
13, subjects tried to maintain contact with cylindrical blocks
by holding them. Categories 14 and 15 denoted subjects constructing two separate towers, either as a transitional state in
Springer

the process of building a full tower or as the final stable
constructions.

Results
Development of the stacking of blocks in chimpanzee
infants
The manipulation of cubic blocks was observed during the
first 3 years of life in three infant chimpanzees without any
training or prompting by humans. One of the infants (Pal)
spontaneously started to stack up blocks when she was 2
years and 7 months old. The other two infants (Ayumu and
Cleo) did not show any stacking behavior or attempts at
stacking during the first 3 years of observation. Figure 1
shows the developmental process of stacking behavior in the
three infant chimpanzees. The maximum height of stacked
tower of blocks on each testing day was plotted against the
subjects’ age at testing. The plot for each infant starts when
the individual first stacked up a block on top of another
block. One infant (Pal) started to stack up blocks without
any food or social reward and soon was able to build a tower
consisting of seven blocks. She sometimes showed excitement after she successfully stacked up blocks, by jumping
around the tower. She also showed distress by pouting her
lips or scratching her body when the tower shook as she
stacked a new block or when blocks fell from the tower.
However, she ceased to stack up blocks about 4 months after the first stacking event, possibly as a result of loss of
motivation in the absence of any reinforcement other than
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The blocks were presented sequentially by the human tester.
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Akira Ai Pan
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Numbers in the table correspond to the number of sessions (1–50) out of five in which each behavior was observed. The behaviors listed were not observed in one of the subjects (Pan).

(1) Stack a sideways cylinder on
another block(s) resulting in the
immediate fall of the cylinder
(2) Repeatedly stack a sideways
cylinder on another block(s)
resulting in falls of the cylinder
(3) Put a block on top of a sideways
cylinder resulting in the
immediate fall of the cylinder
from the stacked tower
(4) Stack a block on a sideways
cylinder resulting in the
immediate fall of the block
(5) Place a block on a sideways
cylinder and retrieve it without
actually releasing it from hand (no
fall)
(6) Place a sideways cylinder on a
block and retrieve it without
actually releasing it from hand (no
fall)
(7) Disassemble the top sideways
cylinder from the stacked tower
(8) Put a cylinder in oblique
position on top of another
block(s), change the orientation in
motion, and pile up in upright
position
(9) Stack a cylinder after change of
orientation from sideways to
upright due to fall (accidental)
(10) Stack a sideways cylinder on
top of the final tower without fall
(11) Stack a sideways cylinder on
top of the final tower after fall
(12) Combine two blocks together
before piling them up on another
block(s)
(13) Keep supporting a block on
top of a sideways cylinder
(14) Make two towers, disassemble
the first tower immediately, and
unite the two into one tower
(15) Make two separate towers by
stacking the third block on the
remaining block on the floor

1–
5

Ayumu

List of infrequent behaviors shown during the cylindrical-block task

Behavioral category

Table 3
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Fig. 1 Developmental changes
in the stacking of cubic blocks
by three infant chimpanzees.
The plots show, starting for each
infant at the first appearance of
stacking behavior, the maximum
number of blocks stacked up
into a tower on each testing day

Maximum height of the tower
13

10

7

4

1

2y7m

3y2m

2y8m

First phase

2y10

Second phase

2y9m

3y3m

3y4m

3y5m
2y11

3y0m
Ayumu
Cleo
Pal

Age
3y1m

Fig. 2 An infant chimpanzee
(Pal) stacking cubic blocks into
a high tower

stimulation from the activity alone. Different from human
mothers, the chimpanzee mothers did not show any social
encouragement related to the stacking behavior of their own
infants.
Training of stacking
Human testers began training infants to stack up blocks at
the age of 3 years and 1 month. Pal started to stack up
blocks again when rewards for stacking were introduced.
Springer

She successfully stacked up 13 blocks into a high tower (see
Fig. 2). The other two infants also showed rapid improvement
in stacking cubic blocks into high towers when they were
given training and rewards.
One naı̈ve adult (Akira) was also given training and rewards for stacking cubic blocks before the cylindrical-block
task began. He succeeded in stacking up two blocks during the first session, although he then had initial difficulties
stacking up all blocks presented. He stacked up two blocks,
disassembled the top block from the tower, and stacked it on
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Fig. 4 Percentage of falls from towers of stacked blocks in sessions
with infant chimpanzees
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Fig. 3 Characteristics of the manipulation of cylindrical blocks during the first test session by infant and adult chimpanzees. The horizontal axis shows the percentage of contacts in the sideways position,
while the vertical axis shows the percentage of changes in the orientation of cylindrical blocks. The three black dots indicate the three
infants, the three gray dots correspond to the three adults. Open diamonds show manipulation during the final, 50th session in two of the
infants

another base block on the floor. During the first half of the
second session (the first time when three blocks were provided), he repeatedly constructed two-block towers without
stacking the third block as well. This behavior may correspond to “pairing” in the nesting cup task (Greenfield et al.
1972; Johnson-Pynn and Fragaszy 2001) where only two
cups are combined. Nevertheless, Akira eventually stacked
up a maximum of four, eight, four, and seven blocks in the
second to fifth sessions, respectively.
Manipulation of cylindrical blocks during the first
session
The results of cylindrical-block manipulation during the first
test session are shown in Fig. 3. I plotted the characteristics of
the block manipulation by infant and adult chimpanzees in a
two-dimensional plane defined by the percentage of contacts
in the sideways position and the percentage of changes in orientation. The manipulative patterns of the six subjects appear
in two different regions of the two-dimensional graph. One
infant chimpanzee (Pal) and two adult females (Ai and Pan)
are plotted in the top left of the plane, indicating efficient
stacking of cylindrical blocks. They rarely made contacts
with the rounded side of the cylinder and changed its orientation in advance of stacking. The infant (Pal) was the only
subject who spontaneously started stacking up cubic blocks
in the course of development. The two adult chimpanzees

(Ai and Pan), who appear in the same top left region of
the plane, had had rich experience stacking cubic blocks,
although they had no previous encounters with cylinder
stacking.
Two of the three infant chimpanzees (Ayumu and Cleo)
are plotted in the bottom right of the plane, indicating their
failure to stack up cylindrical blocks as effectively as Pal,
Ai, and Pan. They frequently made contacts between the
rounded side of the cylinder and rarely changed its orientation. Manipulation by one adult chimpanzee (Akira), who
had limited experience in the stacking task, also appears in
the same region of the graph. Finally, the characteristics of
manipulation by two infant chimpanzees (Ayumu and Cleo)
in their 50th session fall into the top-left region of the graph,
showing the infants’ improvement in the cylindrical-block
task.
Changes in manipulation of cylindrical blocks by infant
chimpanzees
Figure 4 shows the percentage of falls from a tower of stacked
blocks in the three infants. In the case of two infants (Ayumu
and Cleo), falls from a tower occurred frequently during
the first 15 sessions (75 trials). Thereafter, the frequency of
falls decreased significantly (Mann–Whitney U-test comparing the frequency of falls during sessions 1–15 and 15–50:
z = 5.18, p < 0.01 for Ayumu, z = 5.51, p < 0.01 for Cleo).
In the remaining infant (Pal), falls occurred only rarely from
the first session onward (Mann–Whitney U-test for sessions
1–15 vs. 15–50: z = − 0.57, p > 0.05). Note that Pal was
also the infant who spontaneously began to stack up blocks
at the age of 2 years and 7 months.
Figure 5 shows the percentage of contacts made with
cylindrical blocks in the sideways position. This measure
shows how frequently subjects made contact between the
rounded side of a cylinder and another block. Two of the
infants made such contacts often during the first 15 sessions
(75 trials), after which the frequency of sideways contacts
decreased significantly (Mann–Whitney U-test comparing
the frequency of contacts in the sideways position during
sessions 1–15 and 15–50: z = 5.47, p < 0.01 for Ayumu,
Springer
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Fig. 5 Percentage of contacts made with cylindrical blocks in the
sideways position in sessions with infant chimpanzees

z = 5.56, p<0.01 for Cleo). In the case of Pal, sideways
contacts occurred only rarely throughout all sessions (Mann–
Whitney U-test for sessions 1–15 vs. 15–50: z = 1.40, p >
0.05), indicating that she had understood, from the beginning, that the rounded side of the cylinder was not suitable
for stacking. I analyzed the order of blocks in the final tower
of four blocks in one of the infants (Ayumu) who completed
all 50 sessions with simultaneous presentation. Cylindrical
blocks in the sideways position appeared on top of the
final stack in 44% of the trials during sessions 1–10 (see
Fig. 6). During sessions 10–15, this figure dropped to 8%
and finally to 0% during sessions 15–50. A Mann–Whitney
U-test, comparing sessions 1–15 and 15–50, showed that
this difference was significant (z = 3.33, p < 0.01).

Fig. 6 An infant chimpanzee
(Ayumu) stacking a cylinder in
the sideways position on top of a
tower of three blocks

Springer

Fig. 7 Percentage occurrence of each strategy relating to changes in
the orientation of cylindrical blocks in infant chimpanzees

Figure 7 shows frequencies of the different methods
through which the infants changed the orientation of cylindrical blocks from sideways to upright. Initially, Ayumu only
sporadically changed the orientation of cylinders, and mainly
while these were in contact with another block or with the
floor. After about 15 sessions, changes in orientation became
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significantly more frequent, and Ayumu began to employ his
mouth and hand in the process (Mann–Whitney U-test comparing frequencies of changing cylindrical block direction
during sessions 1–15 and 15–50: z = − 5.13, p < 0.01). Cleo
also began to change the orientation of cylindrical blocks significantly more often after about 15 sessions, using mainly
her mouth and hand (Mann–Whitney U-test for sessions 1–
15 vs. 15–50: z = − 5.54, p<0.01). After about 30 sessions,
Cleo altered her strategy again, as she began to change the
orientation of cylinders while these were in contact with
another block or with the floor, and not always using her
mouth. Pal frequently changed the orientation of cylinders
using both hands from the first session onwards, and continued in the same manner until the end of testing (Mann–
Whitney U-test for sessions 1–15 vs. 15–50: z = − 1.39,
p > 0.05).
Table 3 lists 15 additional patterns of manipulation observed in each individual. Two infant subjects (Ayumu and
Cleo) showed many patterns of block manipulation during
the early sessions. Falls of different types (categories 1–
4) frequently occurred in the first 13 sessions in Ayumu
and 17 sessions in Cleo. They showed behavioral adjustment in manipulating cylinders (categories 5–8) throughout
the test phase. They stacked cylindrical blocks whose orientation changed accidentally from the sideways to the upright position, and also tended to stack sideways cylinders
as the uppermost block of the final stack (category 9–11).
However, these behaviors ceased after about 15 sessions.
One infant (Pal) also exhibited some of these behaviors but
with frequencies well below those shown by the other two
infants. Ayumu occasionally tried to press two blocks together in the air using both hands and also kept contact of
a block with cylinders by holding them on a tower (categories 12 and 13). Ayumu and Cleo sometimes made two
towers by placing the third block on top of the remaining
block on the floor (categories 14 and 15). However, they
then immediately disassembled the first tower and united
the four blocks into one tower. There was only one case
in which Ayumu stopped manipulation after having constructed the two separate towers. One adult (Akira) stacked
sideways cylinders on cubic blocks resulting in falls, but he
did not choose sideways cylinders as support surfaces during the first session. He also showed behavioral adjustments
in manipulating cylinders. Although one adult (Ai) showed
one adjustment behavior, the other adult (Pan) showed
none of these behavioral categories during the first testing
session.
In sum, individual differences were observed in the
cylindrical-block task. Among the six subjects of the present
study, two adults (Ai and Pan) and one infant (Pal) effectively stacked up the novel, cylinder-shaped blocks from
the start of the testing phase. The two adults had had rich
previous experience in manipulating cubic blocks, while
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the infant was the only subject who began to stack up
blocks spontaneously during the 3 years of observation of
free block manipulation. The other three subjects initially
showed many errors in stacking up cylindrical blocks. However, these subjects employed a variety of strategies to solve
the task, such that even the two infant subjects (aged 3–4
years) learned the effective way of stacking cylinders after
15 sessions.

Discussion
Development of stacking behavior in chimpanzee
infants
One of the three chimpanzee infants spontaneously started
to stack up blocks during the 3-year period when free block
manipulation was observed. The relationship between the
development of stacking and “inserting” behavior in chimpanzees was in clear contrast to data from humans. Human
infants start to insert a rod into a hole in a box and to stack
up blocks at almost the same age, at around 1 year and 1
month (Ikuzawa 2000). Chimpanzee infants (the same three
subjects as those of the present study) started to insert a rod
into a hole at an age comparable to humans (Hayashi and
Matsuzawa 2003). In contrast, they did not stack up blocks
until the success by one infant at the age of 2 years and 7
months as reported in the present study. The infants had been
given opportunities to observe both inserting and stacking
behavior performed by their mothers as demonstrators and
had experiences of manipulating objects on their own. During this period, the human testers never rewarded inserting
and stacking behavior by the infant subjects in order to observe “natural” development in mother-reared chimpanzees.
From the early stages of development, a clear difference was
observed between inserting and stacking behavior in chimpanzees, even though both behaviors can be categorized as
combinatory manipulation.
Chimpanzees in the wild may be confronted with various
problem-solving situations important for survival. Many instances of chimpanzees’ use of inserting tools have been
reported from most of the study sites throughout Africa
(Whiten et al. 1999; Yamakoshi 2004). However, very few reports describe tool use in the wild which resembles stacking
action. One such exception is nut-cracking behavior reported
from a few sites in West Africa (Biro et al. 2003). Individuals
in nut-cracking communities have to place a nut on top of
an anvil stone before hitting the nut with a hammer stone.
When using tools in their natural habitat, chimpanzees may
have a tendency to insert objects into a hole but not to stack
up objects. Both types of combination require underlying
cognitive machinery and fine manual control for combining tools and targets appropriately. However, the potenSpringer
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tial ecological significance of the two behaviors may differ
greatly in the wild: inserting-type tool use is likely to be
more meaningful in gaining rewards than the stacking up of
objects.
In captivity, chimpanzees are known to make more variable types of constructions including insertion, stacking, and
alignment (Potı̀ and Langer 2001). However, chimpanzees
show different levels of complexity in functional spatial construction (insertion and stacking) from nonfunctional spatial
construction (alignment). It may prove interesting to compare development in humans and chimpanzees in terms of
the patterns or dimensions of their construction to reveal
species differences in perceiving and interpreting the outer
world.
Potential ability of stacking blocks revealed through
training
The present study has shown that chimpanzee infants possess
the cognitive capabilities required for stacking up blocks.
When human testers began to train the infants to stack up
blocks at the age of 3 years and 1 month, they immediately
started to do so. The infants quickly learned how to stack
up blocks and to thus build high towers. This suggests that
they had the cognitive basis for combining multiple objects
as well as the manual skill to finely adjust the placement
of blocks. They may have lacked an intrinsic motivation for
stacking up blocks and yet had the cognitive and manual
bases to develop this behavior. In human infants’ development, parents or caretakers often give positive feedback to
the infants’ stacking activity or its attempts. This may lead
infants to engage in stack construction from an early stage
of development. In contrast, the chimpanzee mothers did not
show any social praise in response to their infants’ stacking
behavior. Once the infants were given positive reinforcement
for stacking up blocks, they understood the goal of the task
and were able to construct high towers by carefully adding
and balancing successive blocks. Based on the chimpanzees’
ability to stack up cubic blocks, the present task of stacking
cylinders was conducted with the aim that it would provide
a comparative scale that can be applied to apes and humans
to assess their understanding of the physical properties of
objects.
Cylindrical-block task: a test for physical understanding
The six subjects of the present study fall into two distinct
groups based on the manipulative patterns they exhibited
during the cylindrical-block task. Three of the six chimpanzees could be categorized as “efficient,” as they seemed
to have understood the physical properties of cylindrical
blocks and their function in a stacking situation from the
outset. Two adults in this group (Ai and Pan) had had rich
Springer
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previous experience of manipulating cubic blocks. The third
individual (Pal) was the only infant who spontaneously
started to stack up cubes in the first phase of the present
study. In contrast, the other three subjects (one adult and two
infants) did not seem to pay attention to the orientation of the
cylinders, which they rarely adjusted during the early stages
of testing. Rich experience in stacking up cubic blocks may
therefore facilitate learning about the physical properties
of blocks and the physical causality involved in stacking
up blocks against the force of gravity. The difference
between the appropriate and inappropriate orientation of
cylinders was clear from the objects’ appearance. This may
provide a link to an affordance perspective of object manipulation (Lockman 2000). It is possible that experienced
individuals were sensitive to the affordance in cylindrical
blocks and used this for guidance in the familiar stacking
situation.
Changes across the 50 sessions of the cylindrical-block
task performed by the infant chimpanzees suggested that a
critical shift in the pattern of manipulation occurred around
the 15th session (75 trials). Stacking behavior in two of the
infants frequently resulted in falls from towers of stacked
blocks during the first 15 sessions. Thereafter, contacts in
the sideways position became less common, and changes in
the orientation of cylinders more frequent, leading to fewer
falls. Through interaction with the cylinders over 15 sessions,
even 3–4-year-old infant subjects were able to learn effective
ways of handling the novel shaped blocks. A block falling
off the top of a tower of stacked blocks is a visible “failure”
in a trial. The goal of each trial was to stack up all four
blocks presented to the subject, thus if block(s) at the top of
a tower fell, this could be easily perceived as a setback. The
notion that “a cylindrical block in the sideways position is
much more likely to fall from a tower” might be perceived as
the invisible “cause” behind the failure. The subject was not
prompted by the tester to attend to the orientation in which
cylinders were positioned. However, such considerations are
necessary if falls from a tower are to be avoided. The chimpanzees were required to understand this invisible cause and
to change the orientation of cylinders into the upright position
before actually stacking them as a “solution” to the failure
in order to efficiently solve the problem. Thus, using the
cylindrical-block task, it is possible to measure the subjects’
physical understanding by seeing whether they can detect
the failure, infer its cause, and find the solution involving
the change in orientation. The subjects of the present study
learned the invisible “cause” through repetitive “failure”
and changed their stacking behavior as a “solution” to the
task.
The two infant chimpanzees who were less successful
during the first phase showed other interesting behaviors.
Ayumu used both hands to press together a cylinder and
another block in the air or on a tower as if he was attempt-
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ing to stick them together. This may resemble an episode
reported by Köhler (1957) where a chimpanzee pressed a
box against a vertical wall, off the ground. Cleo frequently
placed sideways cylinders on top of a tower, which led to
many falls. However, she repeated this sequence ceaselessly,
seemingly waiting for the cylinder to fall in such a way
that it landed upright. Less efficient subjects initially used
a variety of different strategies to stack up all four blocks,
while in the later stages of testing, they showed less variability in achieving the goal. This observation may provide
a link to the overlapping waves model in the development
of human children (discussed in Siegler and Chen 2002) in
which strategies are at first variable, but with experience
become more consistent and channeled to suit the task at
hand.
The present study assessed physical understanding in the
context of manipulating multiple objects. Single objects have
their own physical properties. However, they also have a
function in relation to the other blocks in the stacking task.
For example, a subject can place a cylinder in the sideways
position on top of another block even though this will often
result in a fall from the tower. However, subjects can not proceed to stack another block on top of a cylinder that is lying
on its side. Thus, a cylinder in the sideways position can be
an “actor” in a stacking situation but not a “receiver,” In fact,
one adult, who was inefficient in the first test session, piled
up sideways cylinder on another block but did not choose
the sideways cylinder as a supporting surface, “receiver.”
Two infant subjects (Ayumu and Cleo) initially often placed
a cylinder in the sideways position as the uppermost block
of a four-block tower. In some trials of this type, the placement was not preceded by any previous falls, such that, it
is conceivable that the subject planned in advance the order
in which the blocks were to be stacked, and decided to use
the sideways cylinder as the “terminator” in a trial. In other
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cases, however, the trial did involve falls and the construction
may therefore have been the result of trial and error.
One important future perspective will deal with the question whether physical understanding of cylindrical blocks
gained through the stacking task can be generalized to other
novel shapes. I will also test human infants using the same
set of objects to compare directly the development of stacking in humans and chimpanzees. Taken together, the present
study has shown that the paradigm of stacking blocks is a
useful tool in examining physical understanding of objects
as well as relationships among them. Results, so far, suggest
that 3–4-year-old chimpanzees possess the cognitive abilities necessary for stacking upright cylindrical blocks and
that these abilities interact with previous experience in object manipulation.
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Appendix
Ayumu: first session
0P1/3P01/0U301/301T/-2L/0M/3P0/-1L/3CM/2U0/1P0/1K/0P10/-2L/0U3/0F/3U3/3P0/
-1L/0,3,3M/1P0/-1L/3P0/3D30/3CD/0P1/-1L/0U1/0P0/2U00/1P00/3P100/-1L/1P100//
3P1/0U0/0U31/-1L/0F/3P0/1P0/3D30/3P10/-1L/3F/0P10/3P010/-1L/3P010//
0P0/3P00/-1L/1P00/3P100/3A/-1L/3P100/-1L/3P100/-1L/3CM/2U100/3P100/-1L/3P10
0/-3L/3P1/0U31/-1L/0U2/3F/0L/3P0/1P0/3D30/3P10/0P310/-2L/0P10/-1L/3P10/-1L/0
U10/0M/0P10/3P010//
1U0/0,0,1M/0P3/0K/0U03/-1L/0P0/-1L/3P0/-1L/1P0/0P10/-2L/3M/3P0/-1L/3M/0P0/3
P00/3U300/-2L/3P0/3U30/-1L/3P0/-1L/0U3/0P0/1U00/-1L/1P0/3P10/0U310/-2L/0U3/
0,0,3M/3U1/0P0/3P00/2U300/3A/-1L/3CB/2U00/1P00/3P100//
0P0/1P00/3U100/-1L/2U00/1P00/3P100/-1L/3U100/3CC/1P100//
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Pal: first session
3M/0B/2H0/2M/0P1/0P01/3T/0A/3T/0A/-2L/0U0/0U1/0F/1L/0P0/3T/0A/3CD/0D00/0
P1/0P01/3T/0A/001T/-2L/1R/0P1/0P01/001T/-2L/1R/1H/0P1/0P01/001T/-2L/1M/3U0/
3F/0P0/0D00/0F/3T/0P0/3T/0D00/0P0/0A/3H/3R/3U00/3CC/1P00/1A/3CB/3CM/1P10
0//
0P0/1P00/3U100/3M/1A/3CB/1P100//
1M/1CM/2U0/1P0/0P10/3U010/3CM/3CB/1P010/1A//
3T/0P1/3T/0D01/0P0/1P00/3CB/1P100/1A/1D1100/1M/3CB/2U100/1P100/1A//
1P0/3U10/3CB/1P10/0U110/0M/0CB/0P110/0A/-3L/0,3M/0P0/3CB/1P00/3M/3CB/1P
100/
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