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The Japanese Society of Baby Science
Past, Current, and Future Activities

Yukuo Konishi
Doshisha University Center for Baby Science Joint Usage/Research Center

Nearly 20 years have passed since the Japanese Society of Baby Science was founded, in 2001. During this period, cognitive
developmental psychology adopting experimental approaches has expanded, with brain science, neuroscience, information
engineering, and robotics engineering markedly progressing. Collaborative research that integrates these fields has also been
promoted, paving the way for the Society to keep itself active.

On the other hand, demands for activities to be led by the Society are increasing among those engaged in early child care and
education (ECEC) and parenting. The national measures to resolve the shortage of nursery schools have successfully increased
their number, without improving the contents of ECEC. Therefore, social approaches to improve such contents are needed.
Researchers specializing in baby science are also expected to achieve outcomes that benefit ECEC environments. However, as they
do not accurately recognize the actual situation of ECEC, their research capacities to realize these goals remain insufficient. We
organized working groups within the Society, such as the <Infant Behavioral Development Study Group> and <Music Working
Group>, to conduct collaborative research with those engaged in ECEC, but sufficient outcomes have yet to be achieved. With
reduced subsidies, a large number of studies narrow their objectives, and aim to obtain short-term results, making the long-term
observation of developmental processes difficult. Under these circumstances, we launched the ECEC Working Group as an
organization-wide approach to explore innovative research. We expect that our members will actively participate in these groups.

Basic research has markedly advanced over the years in each field. Interdisciplinary research has also been promoted with
support, such as Grants-in-Aid for Scientific Research (KAKEN) and subsidies for Research Projects Pursued by Research Teams
Led by Research Directors (CREST). On the other hand, in the fields of medicine, developmental psychology, and brain science,
basic research has mainly been conducted through experimental approaches, which were generalized in biology in the 20 century
based on Descartes’ idea of reductionism, although such approaches are unlikely to elucidate multi-factorial and diverse social
phenomena.

Some studies on autism spectrum disorder (ASD) as an innovative research area revealed that the synchronization of
biological rhythms is impaired at cellular, organ, and interpersonal levels in patients with this disorder.

Spontaneity as an indicator of freedom is a feature of body subsystems, and it is coordinated among different subsystems in
the body. In ASD, coordination among endocrine, nervous, and immune systems is thought to be impaired. In the future, human
science research will be increasingly conducted using open models, such as open system science. As these issues cannot be
addressed within a single research field, the importance of integrative studies conducted in interdisciplinary areas will increase,
indicating the necessity of further enhancing the field of baby science.
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Open-loop generation
with error regression
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Constructive Developmental Science: Revealing the Principles of Development from
Fetal Period and Systematic Understanding of Developmental Disorders

Yasuo Kuniyoshi, Yukie Nagai, Yukuo Konishi, Masako Myowa, Shinichiro Kumagaya, Yoshiyuki Ohmura, Hoshinori Kanazawa
Graduate School of Information Science and Technology, The University of Tokyo, School/Graduate School of Engineering Osaka
University, Doshisha University Center Baby Science Joint Usage/Reserch Center, Graduate School of Education, and Faculty of
Education, Kyoto Univercity, Research Center for Advanced Science and Technology The University of Tokyo

A Grant-in-Aid for Scientific Research on Innovative Areas project titled “Constructive Developmental Science” had started
with the aim of constructing a model of human cognitive development from fetus to toddler, experimentally showing the
developmental variation under different environmental conditions, relating it with clinical and Tojisha® view to establish a new
understanding of human development and disorders. Furthermore, the project aimed at establishing comprehensive diagnostic
methodologies and truly appropriate assistive technology. With the collaborative efforts of robotics, medicine, psychology,
neuroscience, and Tohjisha-research throughout the five year project period, we established a new trans-disciplinary academic
field and numerous important results such as developmental data/models/theories connecting initial embodiment to social cognitive
functions, relating the early characteristics of bodily movements and autonomic nervous system to later development as well as
comprehensive diagnostic methodologies, and truly appropriate assistive technology based on understanding of troubles experienced
by Tojisha.

This paper presents an integrative summary of the main results of the project.

% Tojisha: One who has a developmental disorder.
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Abstract

Affordances are properties of environment or objects, which allow an individual to perform an action. In tradi-
tional view, affordances are thought to be perceived directly from the incoming stream of visual stimuli without
the need for any sensory processing or intervention of higher cognitive processes. Misperception of affordances
is caused either by failures in detecting relevant information or by insufficient experience and lapse of attention.
Two examples of action errors in young children, distance and scale errors, manifest immaturities in children’s
perception of affordances. Our empirical studies have shown that these errors are related to the achievement of
major developmental milestones, walking and language respectively, providing evidence that once acquired af-
fordances are not immune to changes. Furthermore, our computational studies have shown that these errors re-
sult from immature action planning system and lexico-semantic system cascading onto action system rather
than failures to detect relevant perceptual information. Based on our empirical and computational studies on dis-
tance and scale errors, I will argue that the existing theories of affordance perception should accommodate

higher cognitive skills such as action planning and language.

@Key words : affordances, distance errors, scale errors, action planning, lexico-semantic system

The concept of affordances proposed by J. J. Gibson™*" has had a tremendous impact on a number of fundamen-
tal sciences such as psychology, psychophysics or neuroscience, as well as applied fields such as design, human-
computer interaction or robotics. In Gibson's theoretical framework, affordances are properties of environment or
objects, which allow an individual to perform an action™. Importantly, these qualities are perceived directly from
the incoming stream of visual stimuli without the need for sensory processing or intervention of higher cognitive
functions such as planning and language. Gibson recognized the importance of misperception of affordances (p. 244
in™) and proposed that the problem of misperception operates at the information level, and not at the affordance
level. Accordingly, misperceptions of affordances happen when a surface provides insufficient information (e.g., visu-
al cliff) or when the information is detected poorly by a novice, or during a lapse of attention.

Perception of some affordances may not require action planning. For instance, perception of the ‘passability’
through an open door, may simply rely on detecting information about the width of the opening and relating it to
the body size. However, affordances typically are not isolated, but nested in numerous different ways at a number of

[20,

different levels (e.g, ™ ™). Perception of ‘passability’ of a door, that is closed, calls for reasoning and action planning

skills. In this situation, the success of the action (ie. passing through the door) is determined by the success or fail-

ure of many subordinate actions (e.g, opening the door, grasping a door handle, etc.). Acting on nested affordances
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requires formation of multi-step plans and sequencing the subordinate actions in time and space. Hence, judgements
on the feasibility of a nested affordance naturally involve reasoning on the feasibility of each of the subordinate af-
fordance and the nested affordance as a whole. Judgements on object reachability, for instance, not only involve per-
ception of distance information in relation to reaching action, but also take into consideration action capabilities of
the whole body. Objects placed at far, unreachable by hand, distances can be obtained by a combination of walking
and reaching actions. This is elegantly illustrated in recent walkers who make distance errors, that is, they attempt
to reach to far and unreachable distances in a sitting posture due to failures in inhibiting the prepotent action .

Perception of object-related affordances may not always require lexico-semantic processing. There is no doubt
that flat surface of a novel object would encourage sitting or standing depending on the intended action. However,
most objects encountered in everyday life situations are familiar and can be easily identified by their name. Empiri-
cal studies with both normal participants and clinical populations have provided converging evidence that hearing
object names leads to automatic activation of their associated motor plans and can modulate motor responses ****.
Language production has an impact on overt action and may influence the speed of action (ie. action planning) "
as well as kinematics of the movements (ie. action production). For instance, Gentilucci and Gangitano™ showed
that automatic reading of descriptors of object properties, that were related to the planning of reaching-grasping
motor acts, influenced the kinematics of reaching. More specifically, participants were asked to reach and grasp a
rod on which the words “long” or “short” were printed. During the initial movement phase, participants automatical-
ly associated the meaning of the world with the distance to reach and activated a motor program for a farther and/
or nearer object position. The influence of the growing lexico-semantic knowledge on affordance perception is also
evident in young children, who sometimes make scale errors, that is they seriously attempt to perform impossible
actions on miniature objects “*”.

In this paper, I will use the examples of distance and scale errors to demonstrate that misperception of affordanc-
es happens not at the perceptual level as suggested by ™ but at the action level. Furthermore, I will show that per-
ception of object reachability and object-based affordances relies on action planning and lexico-semantic knowledge,
leading to a conclusion that the existing theories of perception of affordances should include higher-level cognitive

skills such as language and planning.

Evidence From Developmental Psychology and Computational Modelling

Influence of action planning on infant’s perception of object reachability

A considerable literature documents that young infants systematically reach to objects that are within their reach
but not to objects beyond that distance. Even before the onset of reaching, infants’ arm movements vary with object
distance as infants are more likely to move their arms when objects are close and potentially reachable than when
they are not™"™"™. At or rapidly after the onset of reaching, infants systematically do not reach to far objects, be-

[8,14. 15, 45, 47,

haviour that was considered as evidence for infants’ accurate perception of object reachability *1 Moreover,

the boundary between reachable and not reachable appears to be recalibrated when children gain greater control
over posture and trunk, stabilities that enable them to reach farther ™™ ™ For instance, Rochat and colleagues™”
showed that the reaching distances attempted by infants increased as a function of stable sitting ability. In addition,
it seems that even young infants recognize that reachability of a target is a dynamic physical property of the rela-
tion between their body and their environment and calibrate what is reachable in terms of the body’s momentary
state. Presented with a novel challenge to controlling posture while reaching in form of small weights on their wrists
infants accurately adjust their attempted reaching distance. Increasing trunk control and postural stability also
means that infants - even while sitting — may lengthen reachable distances by leaning. Thus, as Yonas and Hartman
showed, 4- and 5-month old infants who could lean and maintain postural control reached to objects at farther dis-
tances than infants who did not lean"”.

In contrast to the consistent set of findings with younger infants indicating that - in some way - young infants’

decisions to reach take into account the relation between body size, skill, and the distance of the target, older infants

25

o




——

make serious attempts to reach to far distances. In a study of leaning to reach and the use of mechanical aids (tools),
McKenzie, Skouteris, Day, Hartman, and Yonas™ investigated 8- to 12-month olds attempts to reach to far distanc-
es. Although the contact with the target at the greatest distance was extremely difficult and rarely attained, older

1.%" observation that older infants may lack a

infants often persisted in their attempts. Because the McKenzie et a
clear distance boundary for attempted reaches has not been replicated and because the central focus of those stud-
ies was on other components of reaching skill, we conducted a series of studies focusing on the alignment of at-
tempted reaches with reachable distances in 9- and 12-month olds®”. Children, seated in a specially adapted car
seat with the seatbelts fastened for security reasons, were presented with a ball on a wooden dowel at various dis-
tances, including close easily reachable and far patently unreachable distances. In line with results reported by

1% older infants, but not younger ones consistently and persistently made distance errors, that is,

McKenzie et a
they reached to far out-of-reach objects.

One way to try to understand why 12-month olds reached to these far distances is to find a manipulation that
would induce distance errors in younger infants. We introduced several changes in the original procedure and ob-
served how these changes influenced infants’ reaches. Firstly, instead of balls on dowels, we presented 9-month olds
with attractive teddy bears. This, however, did not make the younger children reach more to far and unreachable
objects.

Subsequently, we put weights on infants’ wrists. The addition of wrist-weights in 9-month olds increased reaches
without leaning at the near and reachable distances, but they did not reach any farther. As in previous experiment,
12-month olds attempted reaches at the farther and not reachable distances. Since a just executed reach could influ-
ence the decision as to whether to attempt the very next reach, we presented 9- and 12-month olds in two ordered
presentations of reaching targets: Near-to-Far and Far-to-Near. Younger infants increased reaches at distances
slightly beyond the boundary of reachable space in the Near-to-Far condition relative to the Far-to-Near condition.
Surprisingly, for 12-month olds, the Near-to-far series did not increase reaches to farther objects, but decreased at-
tempt reaches, sharpening the boundary between not-reached-to and reached-to-distances. The last experiment
asked whether we could use the dissimilarity of adjacent reaches to help 12-month olds to discriminate between
reachable and not reachable distances. To this end, we presented 12-month olds with targets at only two distances:
very near or very far. Reaching attempts of 12 month olds were better aligned to the distances they can reach
when the targets were clearly separated.

1. showed that there is a

Taken together our studies, following up on an earlier observation by McKenzie et a
robust and marked developmental change between 9 and 12 months in the alignment of the distances to which an
infant will attempt to reach and the distances at which contact can be made. For the 9-month olds, attempted reach-
ing and successful reaching were consistently aligned. The 12-month olds, in contrast, persistently reached to ob-
jects at distances patently unreachable when objects were presented in a random order and their reaches were only
better aligned when the adjacent reaches were either fairly similar (Near-to—far reaches) or dissimilar (very far or
very near reaches).

For the infants in the present study, it is likely that few of the 9-month olds were walking or “cruising” upright
while holding on to a support but it is highly likely that many of the 12 month olds were walking or spending time
in some form of pre-walking activity in an upright posture. Thus, the developmental decline in the alignment be-
tween attempted and successful reaching distances may be related to the transition to walking. We extended our
first study to include infants with different walking abilities: non-walkers, walkers with help, and independent walk-
ers™. Our results indicated that walkers (with or without help) often made distance errors, whereas non-walkers
reached less to unreachable distances showing better alignment of their reaching attempts to the distances they can
reach. Further analysis showed that all infants reached with high probability the first time the object was presented
at out-of-reach distances. The reaches of non-walkers, however, decreased over trial blocks showing a clear adjust-
ment of reaching behaviour at the “near boundary” distances in the task. Walkers, in contrast, persistently reached
for out of reach distances regardless of the trial block showing little adjustment of their behaviour with failures to

make contact at the far distances.
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Figure 1. General scheme of the reward-based learning architecture for the perception of object
reachability and walkability.

Why walkers would reach to far and out-of-reach objects in a sitting posture? In Gibson’s view, children would
misperceive the affordance of reachability because of failing to pick up relevant information about object distance.
These failures could be caused by either the perceptual misinformation or by children’s poor reaching abilities. Our
results show, however, that this is not the case. First, perceptual misinformation would affect all children in our
study regardless of their age or walking experience. Younger children and children without walking experience did
not attempt to reach for out-of-reach objects. Additionally, there is a clear evidence that in non-reaching tasks,
young children are able to discriminate between different distances™ ™. Second, all children were skilled reachers,
hence their reaching decisions to far objects could not be caused by children’s poor reaching abilities. Given that the

[30, 54, 56] .
090 older infants had already sever-

first successful goal-directed reaches appear around the age of 4 to 5 months
al months of reaching experience and should be able to detect relevant information for reaching in a highly familiar
sitting posture. All in all, our findings strongly suggest that misperceptions of reachability in newly walkers are not
caused by failures in detecting perceptual information.

Contrary to Gibson's view, we proposed that children’s misperceptions of reachability are caused by children’s im-
mature action planning system that fails to inhibit the prepotent action ™. Our hypothesis was based on the assump-
tion that after the onset of walking reachability judgements are based on a combined reaching and walking actions.
In other words, children with walking experience may perceive far objects as “reachable” (i.e., obtainable), but they
cannot yet reason how these objects are reachable. Through experience, children learn that to grasp far objects
they first need to get close enough by walking, and only then they can grasp these objects. We examined the plausi-

[27]

bility of this hypothesis with the use of computational modelling “". Two neural networks were used to integrate vi-
sual depth cues (ie., familiar size, vergence, motion parallax) in an action-specific manner to provide an absolute
distance estimation for reaching and walking actions respectively (see Figure 1). Such an action-based calibration
of distance is central to Piaget’s theory of spatial cognition in the sensorimotor period®"*. In addition, these net-
works were not interconnected to reflect the neuroscientific findings that near and far spaces are processed by dif-
ferent brain areas (e.g,***).

In order to mimic the developmental process of action-based distance perception in infancy, first only the network
for reaching distance was trained to reflect younger infants’ inability to self-locomote. During the training process

the depth cues encoding the position of the objects at various distances were fed to the neural network and subse-
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Figure 2. Neural activations of the output neurons (x-axis, N=18 neurons) in the reachability network for all distances (y-axis, range=
13 to 30 cm) before and after the onset of walking. A colour map illustrates reward predictions (Q-values), high rewards
corresponds to distances easily reachable, while low rewards to distances unreachable.

quently processed to provide an estimate of a reaching distance. This estimate was subsequently used by a robot to
execute a reach towards a target. The accuracy of the reach was used to calculate the reward and to modify the
synaptic weights of the network accordingly. The training proceeded until the network produced distance estimates
that allowed the robot to successfully grasp the object.

The activations of the output neurons in the reaching distance network represent reward predictions that can be
used by the robot to make decisions about object reachability. A high value of reward prediction corresponds to
near and easily reachable distances, whereas a low value to unreachable distances. Figure 2a illustrates the activa-
tions of the output neurons in the reachability network for all distances used in the training process. As it can be
seen, distances beyond 22 cm are (correctly) considered as not reachable for the robot.

After training, the neural network for reaching was instantiated on the physical robot. The robot was presented
with objects placed at various distances including far and unreachable ones and had to decide whether or not these
objects are reachable. Similar to 9-month olds and 12-month old non-walkers, the reaching attempts of non-walking
robot decreased with the increasing distance showing a clear boundary between reachable and unreachable distances.

In the second step of our developmental process, the networks for reaching and walking distance were trained si-
multaneously to enable planning of actions towards distant targets. The onset of walking was simulated by enabling
the walking action.

Inspection of the neural representations after the onset of walking (Figure 2b) showed that the neurons that pre-
viously responded only to the distances near the boundary of the reachable space, activated also for distances out-
side of the reachable space. The activation was stronger for distances slightly outside of the boundary and de-
creased with the increasing distance.

Subsequently, both neural networks were instantiated on the physical robot NAO. Additionally, the execution of
walking action for the robot was disabled to recreate as close as possible the experimental setup of our behavioural
studies with children (ie. children were seated in a chair with a seatbelt fastened, hence unable to stand up and
walk towards the presented targets). Again, our robot experimentation successfully replicated the results from our
experimental study with children showing that the robot with walking experience, similar to children, attempted to
reach for the unreachable distances.

The results of our computational/robot study indicate that distance errors are caused by children’s inability to
mentally immobilize the remaining degrees of freedom and not by misperception of object distance. In order to ac-
curately perceive object reachability, children have to realize that far objects are reachable only by combining

reaching and walking actions.
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Hence, in a restrained sitting posture they have to inhibit the activated motor plans for reaching and walking. Our
results are in line with suggestion that reachability judgements reflect the engagement of the whole body in a men-

tally simulated reach (16,41, 461

Influence of lexico-semantic knowledge on children’s perception of object affordances

In adults and older children, the perception of an object and the organization of object-related actions are smooth-
ly integrated (e.g,™™). Young children, however, sometimes make serious attempts to perform impossible actions
on miniature objects as if they were full-size objects™. Examples of these curious scale errors include children try-
ing to sit in a tiny chair, get inside small cars or put a doll on a tiny bed. Scale errors are robust and common phe-

[48. 50]

nomena in typically developing children™", occurring in laboratory situations (e.g,™"), preschool classroom , and

everyday life ™.
In Gibson'’s theoretical framework, scale errors would result from a poor detection of the object size due to, for in-
stance, lapse of attention. Indeed, the existing explanations of children’s scale errors point to decreased attention to

[11,12, 21] . . . . [71
or due to increased attention to object function .

object size information due to immature perceptual system
Further support for this interpretation are given by the results of our eye-tracking study showing that scale error
performers tend to pay less attention to size changes than non-scale errors performers in the looking task ™.
Misperception of object-based affordances could be related to changes in object perception and representation that

7). Object name learning has important con-

accompany developments in word acquisition in young children (e.g.,'
sequences for object perception, as it may lead children to attend primarily to shape information and possibly ne-
glect other physical features such as color, texture, and more importantly, size ™" *". However, children’s behaviour
while attempting to act on the replicas suggests that at some level they do perceive the small size of the objects.
For instance, when children attempt to get inside a small car, they first approach it and bend over or kneel down to
get closer to it, use a precise grip to open the small door, and aim their foot for the tiny opening. Moreover, De-
Loache et al." showed that children were aware of the size differences, when presented with the pairs of large and
small objects simultaneously and asked to perform a target action the children discriminated between the two ob-
jects always choosing the larger one. The mix results on object size perception in scale errors performers suggest
rather a different origin of scale errors than just simple misperception of object size due to a conjunction of some
factors.

Another possibility is that scale errors originate from children’s immature action selection system. Adult studies
indicate that in order to select an action adults seem to rely not only on object immediate perceptual information

B4 Recent findings have demon-

(ie. affordances), but also, and sometimes primarily on lexico-semantic knowledge
strated that scale errors are modulated by linguistic information ™. In addition, we have found that children who
had more nouns in their lexicon (as opposed to verbs or adjectives) were shown to be more inclined to commit
scale errors than children whose lexicon contained fewer nouns

We computationally explored the possibility that scale errors arise from the interaction between the developing

[24] L .
. Our mechanistic explanation of scale errors was based on the

semantic system and the process of action selection
dual-route theory of action selection, first proposed by Riddoch, Humphreys and Price ™, which incorporates a link
between language (through a semantic/conceptual system) and action. In this perspective, actions can be planned
either through a direct (non-semantic) route from vision-to-action based on the visual properties of objects, or
through an indirect (semantic) route by accessing semantic memory. For instance, for a chair, this may involve ob-
serving that the object has a flat surface, and is of reasonable size and height (direct route), or accessing stored
knowledge that this is a furniture, called ‘chair’, and is typically used for sitting (indirect route). The visual route re-
flects object affordances, while the semantic route reflects the lexico-semantic knowledge that incorporates the
name, visual features and action associated with an object.

We instantiated the dual-route theory in a Developmental Model of Action and Naming (DMAN) based on a deep
neural network. Figure 3 illustrates the general framework of DMAN. Three modules process visual, action and

name inputs respectively, and two associative systems, Sensorimotor system and Lexico-semantic system integrate
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Figure 3. The architecture of our Developmental Model of Action and Naming (DMAN).
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Figure 4. Activations of units for all test objects in Action module before, during, and after the scale errors (SE)
period. Activations are shown in 2D space using the first two components of the Principal Component
Analysis. The colours (blac=big, red=small) and shapes (square=‘box’, asterisk="‘cylinder’, circle=
‘sphere’, diamond="cup’) of markers indicate the size and category of objects, respectively.

outputs from visual and action modules, and visual, action and name modules respectively. The visual input in
DMAN is first processed by the Visual module, and then propagated to Action module via the direct, visual route
(ie., Sensorimotor system), and via in-direct, semantic route (ie., Lexico-semantic system).

For training and testing DMAN objects from four different categories (i.e., boxes, spheres, cups and cylinders)
and in two different sizes (normal size and small size) were used along with corresponding object actions and
names. Importantly, only properly coupled multimodal inputs were used and no patterns representing scale errors
were included for training. After each training epoch, the abilities of the model to select appropriate actions given

visual object representations from a test set were tested. A scale error in our simulation occurred when DNAM,
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given a small object as input, selected an action that corresponds to the normal size object. For instance, a scale er-
ror would occur for the small cup-like object, when an action associated with the normal cup was selected.

DNAM, similarly to children, produced scale errors during the training process with more scale errors occurring
in the semantic route than in the visual route. Inspection of the developing neural representations in the Action
module revealed that these temporarily cluster around object names, leading to the oversight of object size. Before
the period of scale errors (see Figure 4), the activations largely overlap due to the network being untrained. During
the period of scale errors, the activations of action module for the normal and small size objects overlap while the
object categories are differentiated. After the period of scale errors, the activations of action module for the normal
and small size objects are more distant from each other. Similar pattern of overlapping activations, however, was
not found in other modules.

Overall, the results of our computational study provide strong evidence that scale errors in children may occur
due to developmental changes in the lexico-semantic system cascading onto children’s action selection processes,

and not due to perceptual changes in object processing as suggested previously .

Concluding Remarks

The goal of this paper was twofold: to demonstrate that misperceptions of affordances happen not at the percep-
tual level as suggested previously, but at the action level, and to suggest that perception of affordances and higher
level cognitive functions such as planning and language are closely connected. To get at this possibility, I have con-
sidered two cases of peculiar errors, distance and scale errors, that children make at the achievement of two major
milestones in their development. These action errors nicely demonstrate that once acquired affordances are not im-
mune to changes. I have argued that immature action planning, but not lapse of attention or misinformation, affects
the perception of affordances in these examples, and examined these hypotheses with the use of computational/ro-
bot modelling. Although there has been much progress in understanding how affordances can be acquired by chil-
dren and are represented in adults, there are still many questions to be addressed. I argue that the action errors
that children sometimes produce may provide researchers with the tools to explore relation between affordances
and language or action planning in more depth. Further investigation of these behaviours may lead to important in-

sights into fundamental aspects of intertwined development of perception, action and language.
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Sensitivity to Affordances is
Part of a Developmental Brew

Hanako Yoshida

Department of Psychology
University of Houston

The target article evaluates two explanations for
children’s misperception of affordances in the contexts
of (1) errors in estimating reachable object distances
(reaching for object when the object is out of reach
distance) and (2) scaling the objects in relation to the
child’'s own body size (e.g., trying to sit on a Barbie
chair). One explanation, derived from Gibson's model
of perceptual development, attributes these errors to
children’s misperception of the relevant properties of
the object. A second explanation, favored by the au-
thor, attributes children’s misperceptions of affordances
to an immature action planning system that fails to in-
hibit the prepotent action™. The target article presents
developmental study findings along with computational
modeling work to evaluate the alternative explana-
tions. The author concludes that the misperception of
affordances in young children is related to develop-
ment of walking and language and thus mispercep-
tions occur not at the perceptual level, but at the ac-
tion level.

Because a link between affordance sensitivity and
higher cognitive processes is not well established in
the developmental literature, it is essential to test em-
pirically the author’s model of affordance development
across domains and age groups in such a way as to re-
veal the fundamental processes and behaviors underly-
ing manifest competencies and errors. The key finding
is the “developmental inversion” such that older or
more advanced children make more errors than
younger or less advanced children. These developmen-
tal errors are indeed fascinating and are found in at
least two developmental domains—motor development
and language development. Transitioning from crawl-
ing to walking interferes with the infant’s previously

acquired perception of and/or strategy for going down

COMMENT

a slope™, and transitions from one language stage to
the next is associated with a temporary regression

¥ Motor develop-

from handedness to ambidexterity
ment reflects perception, and an increasing number
of studies across various domains support the conclu-
sion that developmental motor achievement evolves
through dynamic processes that fuse perception and
action (e.g, 1, 10, 13). This fusion of perception and ac-
tion involves multilevel interactions that shape devel-
opment, and occurs in a self-organized manner™. The
present commentary focuses on the attentional mecha-
nism underlying developmental advances—both cogni-
tive and physical— that can alter the relations be-
tween body and environment influence the role of past
learning, generate errors in perceiving possibilities for
action, and further new learning. The commentary
specifically considers the proposed distinction between
Gibson’s and Grzyb’s views in the framework of atten-
tional learning and offers a potential way to think
about the relation between these perspectives. The
discussion suggests how misperception of affordances
may exist at both the level of perception and the level
of action, and how the child’s history of learned associ-
ations might influence the amount of action inhibition
required in a particular situation.

The target article proposes a distinction between
Gibson's “failures to detect affordances” and the au-
thor's “immature action planning” as competing expla-
nations of misperception of affordances. Grzyb sug-
gests that the results from experimental studies rule
out the possibility of failures occurring at the percep-
tual level. However, the presented developmental work
(and simulation work) could also be used to support
the conclusion that the two explanations are not mutu-
ally exclusive. For example, the increased number of

' and infant walkers™

errors made by older infants
might be attributed to their longer histories of associ-
ating object and reaching. Having had more experi-
ence of seeing objects and reaching for them, their in-
hibition of a learned action plan given the presentation

of a new object becomes more challenging (for older
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children in particular). Also, having accumulated more
associations between seeing and reaching with differ-
entially distanced objects, older infants and walkers may
find distance cues to be less relevant for them than for
non-walkers. The greater challenge for the more mo-
bile children might be to inhibit learned action plans
that are inappropriate for the current situation, and in-
hibiting action plans for differently distanced objects
becomes more demanding (even for objects obviously
out of one’s reach) as the repertoire of stored plans in-
creases. These principles are clearly demonstrated in
the computational models and the NAO robot. What is
not clear at that stage is (1) how much relevant in-
coming input is actually processed while making er-
rors, and (2) the developmental significance of the er-
rors. Walking children might be making errors despite
processing the relevant properties (size, distance) due
to their immature action planning, or it could be that
they are failing to process these relevant properties
adequately, or they are failing to inhibit action plan-
ning, and those irrelevant actions could interfere their
detecting these relevant properties adequately. The
target article supports the former possibility by men-
tioning how children approach objects according to the
object size by bending over and using a precise grip
to open the small door. The cited work of DeLoache et
al” shows that children are sensitive to size when
these relative objects are presented for comparison.
However, these seemingly size-sensitive behaviors
may reflect their action accommodation in the relation
to (or given) the physical constraints and incoming vi-
sual information, which could differ from their process-
ing of relevant properties for object size. Further,
these errors may interfere visual processing initially,
yet such errors might have important developmental
significance. For example, actual reaching to non-
reachable objects, holding small toy parts by adjusting
their grip, and acting on impossible sized objects may
lead to actions relevant to discovery of perceptual pos-
sibilities for action. Recent experimental work studying

how young children (18- to 24-month-olds) discover
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object fitting (in the relation to the container) sug-
gests that young children’s planning of the action is
based on visual information and its representation, but
the process of acting on objects can generate visual
consequences that may navigate attention to relevant

U9 This work suggests the impor-

visual properties
tance of actions —both relevant and irrelevant (er-
rors)—in generating new visual experiences relevant
for the new learning, thereby exemplifying the assimi-
lation and accommodation processes proposed by Piag-
et

Language influence can be viewed in a similar way.
The example given in the target article suggests that
children having relatively large vocabulary are more

™ This finding can also

inclined to make scale errors
be attributed to a pre-existing link between object
and associated action that necessitates a high degree
of action plan inhibition in responding to similar ob-
jects. In this framework, the inhibition is due to having
been able to encode and retrieve the previous experi-
ences with objects (assuming that object experiences
influence vocabulary development). Highly activated
associates (action planning and representations that
influence subsequent action planning) can possibly
override relevant perceptual information. If attention is
diverted from the relevant present cues, and focused
instead on learned associations, then this diversion of
attention can cause failures to detect possibilities of ac-
tion. Processes at both the perceptual level and the ac-
tion level can co-exist. Figure 1 depicts the potential
relation between the levels.

A critical question is how inhibition of action plan-
ning can be demonstrated and how we can know if
relevant properties of the current input are really not
detected. Figure 1 illustrates how the action level and
perception level may be related through the individual's
learning experiences, and this view suggests the possi-
bility of that past learning interacting with attention to
incoming visual input, which leads to successful action
planning inhibition. Therefore, the effect of dissimilari-

ty of adjacent reaches (Very Far, Very Near) and or-
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dered (Near-to-Far) on older children’s better aligned
reaching can be explained by generating disparity be-
tween the sets of visual and reaching experiences by
breaking associations into : viewing of near objects as-
sociated his/her reaching and viewing of far objects
associated with no reaching (Figure 2). By having the
temporal boundary between near-reaching and far-no
reaching, viewing of far objects outside of reaching ca-
pability would not strongly activate an action plan
leading to decreased errors (Figure 2-a). Similarly,
the case of very far or very near reaches may gener-
ate a spatial boundary, and thus the weaker activation
can be also expected (Figure 2-b). Therefore, it is not
the case that older children (and walkers) have imma-
ture action planning systems that fail to inhibit the
prepotent action, and younger children and non-walk-
ers have better action planning (in fact, it is clearly
opposite in terms of development of inhibitory system),
but the difference is how much inhibition their past
experiences (learned associations) in the relation to
the incoming visual input require so that those associa-
tions do not override input of relevant perceptual
properties. The key may be to moderate those “over-
powered associations’ in order for the system to con-
trol action planning and attention, which in turn will
optimize perception of currently relevant properties.
This emphasis on learned associations is consistent
with the target article’s findings that affordance sensi-
tivity is not affected by increasing body control (using
weights) or by increasing object attractiveness (using
a teddy bear) since these variables are unlikely to al-
ter the learned associations. They are more likely to
influence ease of reaching and motivation, respectively.
If this is correct, a strongly predictive object for reach-
ing and grabbing, such as an actual bottle of the child,
may elicit more errors than a novel object, whose nov-
elty might not recruit activations and thus would de-
mand the moderate inhibition of action planning (there
might be a different reason to generate a higher level
of motivation to reach).

The present commentary reinforces the importance
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behavioral responses
(reaching /acting on)

misperception of affordances
(action level)

learned associations
(action planning, representations) |

» A
misperception of affordances I 4 & I
(perceptual level)

incoming input
(object, distance, size, language)

Figure 1. Depiction of how the action level and perception
level may be related through the individual’s learning
experiences.

Near -Reaching Very near -Reaching

- Boundaries

Far - No reaching

Very far =No reaching

(a) (b)

Figure 2. Hypothetical temporal and spatial boundaries that
might be created by the 2 manipulations: the temporally
ordered stimuli of Near-to—far objects (Figure 2a) and
the exaggerated distances (Figure 2b).

of taking a mechanistic approach to the complex psy-
chological construct of affordance sensitivity. It then
introduces an attentional perspective to illustrate how
past learning—learned associations—guides actions by
creating differential demand for inhibition, and those
actions may guide further visual exploration and learn-
ing. Given a visual input, learned associations are acti-
vated and employed to guide actions and to elicit visu-
al consequences. Those learned associations may
temporarily constrain the utilization of affordances and
the actions taken in response to the input. However,
the learning that occurs in that moment, whether from
adaptive responses or from errors, then contributes to
accruing knowledge about similar associations and
thus results in a more complex and sophisticated set of

learned associations that ultimately will facilitate fu-
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ture learning. This basic idea is straightforward and
not new nor controversial®*"". However, discussion
of developmental approach to the attentional account
in the relation to the competing views can offer an al-
ternative view of how individual’s learning history, ac-
tion errors, and the visual consequences may be criti-
cal components for development of sensitivity to
affordances. Nevertheless, until the role of attention in
learning to exploit affordances is better understood,
any attempt to explain the mechanism underlying the
development of affordances sensitivity will remain in-

complete.
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Comments on “On the Need for Reconciliation of
Affordance Perception and Higher Cognitive
Functions” (authored by Beata J. Grzyb)

Shinsuke Shimojo
California Institute of Technology

This is a unique combination of empirical and artifi-
cial-yet-embodied studies to make several clarifications/
restrictions to the traditional Gibsonian affordance. It
will potentially be a significant contribution to the field
of developmental robotics (and developmental cogni-
tive psychology as well). It is also in line with various
studies (both empirical and computational) which have
attempted to give some deeper interpretations or even
limitations to the simplest form of the Affordance idea.

There are several critical aspects to make this article’s
impacts clearer and stronger. I will list and detail them

below.

1) This draft is written in the tone that it found evi-
dence (almost) “against” the Affordance notion, from
both infant-developmental and computational studies.
However, it is very misleading because lots of “evidence”
summarized or reported here can be interpreted either
as a) supportive evidence for, b) direct counter evi-
dence against, or c¢) (most likely) give some limita-
tions/remarks to the most stringent version of the idea
and provide some additional requirements to actually

implement, the classical, simplest version of Affordance.

2) (Closely related) The idea of Affordance, and re-
lated other Gibsonian ideas (such as “direct percep-
tion” “information pick-up” etc.) are very ambiguous,

changing over time (even across the three critical books
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published by J.J. Gibson himself), allowing various in-
terpretations historically. Amongst all, it is not meant
so much to be a guideline for neural/mechanical imple-
mentations, but rather meant to be a guideline at ab-
stract, philosophical levels.

Thus, it is the author’s responsibility to explicitly list
several different possible interpretations and/or imple-
mentation-specifications of Affordance, and then dis-
cuss each piece of “evidence” with regard to them. In-
deed, Gibson's Affordance and “direct perception” notion
has been criticized by traditional perceptual psycholo-
gists (I. Rock, R.Gregory, etc.) for whom perception is
an “unconcsicous inference” process), computational
theorists (D. Marr - perception as multiple-stage am-
biguity solving process) and neurophysiologists (who
argue that multiple neural “representations” (Gibson
denied this term) exist and necessary for perceptual-
neural computation). Locate and distinguish your ar-
gument among these. Is your argument similar to any
of those, a combination of them, or uniquely based on
robotics constraints? etc. Give a better “cognitive map”
to the readers with various expertise/background.

In the same vein, lots of argument made by the au-
thor are not really “against” Gibsonian Affordance. For
example, the author wrote: “These action errors nicely
demonstrate that once acquired affordances are not
immune to changes.” But most Gibsonians (possibly
including J.J. and E.J. Gibson themselves) would not
argue that affordances are immune to changes. Like-
wise, you wrote, ‘immature action planning, but not
lapse of attention or misinformation, affects the percep-
tion of affordances in these examples..” This would
precisely be the mainstream interpretation of Affordance
(that is, affordability of action directly defines/con-
strains perception). Overall, the tone of the draft seem-
ingly fluctuates, being vague, and sometimes almost in-
ternally inconsistent with regard to Affordance. Be

more explicit, specific and consistent.

3) The author’'s computational results argue against

Affordance being limited to perceptual level, but rath-
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er argue for critical roles of higher-level cognition and
language ability. ——— Isn’t this mostly tautological, since
you readily installed such higher cognitive representa-
tions (sensorymotor memory, semantic memory, lan-
guage ability etc.) from the outset? The best logical
message I can draw here is that “an artificial system
installed with such cognitive faculties can (also?) achieve
human-development like functions.” But it won't say
anything about the absolute necessity of such higher—
level reprensetations/memory until you actually com-
pare performance of your architecture with some oth-
er artificial systems (such as J. Hoppfield type?
bidirectional, non-hierarchical neural network, or R.
Brooks' type assembly of sensory-motor circuits, for
example; I am not an expert, you may be in a better
position to select suitable strawmen). In some parts,
however, the author’s interpretations seem to be much
more specific and directly connected to the evidence
(eg. P. 28 “..distance errors are caused by children’s
inability to mentally immobilize the remaining degrees
of freedom and not by misperception of object dis-
tance. In order to accurately perceive object reachabil-
ity, children have to realize that far objects are reach-
able only by combining reaching and walking actions.”
The author should stick to this type of specific state-
ment.) Finally, the DNAM with object learning may
indeed indicate that “..scale errors in children may oc-
cur due to developmental changes in the lexico-seman-
tic system..” But if that's the case, what is the author’s
interpretation of those developmental studies indicat-
ing attentional problem, or a lack of appropriate infor-
mation pick-up due to various factors? Would your ro-
botics study offers an alternative interpretation of
those empirical findings, or it is just adding one more
factor/possibility (i.e. object name learning) ? Please

discuss.

4) Motivational issues may be neglected, both in the
developmental and computational studies? Isn't it like-
ly that since the older infants are unsure about the

reacheability, they go for trial-and- error because in
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the long-term development/learning, it is very benefi-
cial and thus should be rewarded (even if the particu-
lar trial is a failure) ? Motivation may partly overlap
with attention, but is dissociable (, and I might have
missed it but) there is no detailed discussion on this.
As a side note, the motivation-related issues sometimes
tend to be a neglected “blind spot” in robotics.

Finally, I personally prefer more information in one
chunk (say in a Method section), and more details in

Supplementary materials.
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Comments on “On the Need for Reconciliation of
Affordance Perception and Higher Cognitive Functions”
(authored by Beata J. Grzyb) by Emre Ugur

Emre Ugur

Bogazici University

This is a nice paper that combines two experimental
findings of The author. I know those experiments
(walker/non-walker reaching failures and scale error
after acquisition of language) and I think they are
both nice and interesting experiments.

In both cases, 1 agree to the author that different
factors effect action selection - but I'm not sure wheth-
er or not these factors should be considered to affect

‘affordance perception’.

First of all, related to definition of affordances, the
author used a definition which would make many Eco-
logical Psychologists unhappy: (We already discussed
evolving definitions aspect of J.Gibson in Jamone et al.
TCDS and Sahin et al. Adaptive behavior)

the author’s: “affordances are properties of environ-
ment or objects” Gibson's older (subject to revision)

“Subject to revision, I suggest that the affordance of
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anything is a specific combination of the properties of
its substance and its surfaces taken with reference to
an animal. (J.J. Gibson, 1977, p. 67)”

Gibson’s latter definition: “The affordances of the en-
vironment are what it offers the animal, what it pro-
vides or furnishes, either for good or ill .. I mean by it
something that refers to both the environment and the
animal in a way that no existing term does. It implies
the complementarity of the animal and the environ-
ment” (J.J. Gibson, 1979/1986, p.127) “an affordance is
neither an objective property nor a subjective proper-
ty; or both if you like.” (J.J. Gibson, 1979/1986, p. 129)

Therefore, as the author relates affordance percep-
tion to “perceptual properties” only, then according to
her, a Gibsonian way to explain the distance and scale
errors should also be based on perception errors as
well. She ignores the agent and capability related as-
pect of the affordances. Affordances are defined based
on agent capabilities and environment.

This is one important point.

The other important point is that even Gibson does
not say (he explicitly mentions this in his book), affor-
dances are not the only things we perceive. There are
many other studies or findings where affordance per-
ception (direct perception for action) are coupled with
other perception systems (object recognition, etc.).
The dual-route theory The author mentioned, and dor-
sal/ventral pathways (that interact all the time) are
from findings and even Ulric Neisser in 1976 tried to
place affordances and direct perception into a complete
cognitive system model and tried to link them with
other cognitive processes such as recognition.

What the author captured in her studies are action
selection results of higher-level cognitive systems with
many different components. One of the components
might be related affordance perception, but there are
other components as she mentioned, such as inhibition
of actions, planning, semantic knowledge, memory, etc.

In summary, affordances is a Gibsonian term. It is
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possible to extend the term (say affoodances) and in-
clude all function and action related perception and de-
cision processes. But she needs to be careful in doing
so, as the affordances she discusses is not the affor-
dances referred by Ecological Psychologists anymore.

Therefore, a thorough explanation and discussion
might be required to validate why the author is using
a concept to explain also higher-level processes while
the concept was not devised for that purpose in the
first place.

If T was the writer of that paper, instead of arguing
“affordances should incorporate this and that” I would
argue that different components and action selection
mechanisms are competing with each other and with
affordance based selection as well, and these mecha-
nisms should be incorporated in a cognitive architec-

ture along with affordances.
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ARNVASI Beata J. Grzyb

Reply to the comments on “On the Need for Reconciliation of Affordance
Perception and Higher Cognitive Functions” by Beata J. Grzyb

I would like to thank all the commentators who re-
sponded to my target paper for their insightful com-
ments and constructive criticism. My response will fo-
cus on clarifying the reasons for using the concept of
affordance and showing its limited power to explain
distance and scale errors observed in children. T will
also provide further details on potential role of motiva-
tion in distance errors and discuss the possibility for
affordance perception to exist both at the perception

and action level.

The problem with affordance perception
in developmental psychology

Developmental psychology often uses the concept of
affordances to refer to action possibilities. Gibsonian
term is adapted to define actions as possible or not de-
pending on the fit between the features of the body
and the properties of the environment (e.g., Franchak
& Adolph, 2014). Importantly, perception of affordanc-
es is assumed to be evident in the observed behaviour,
this is especially true in the behavioural studies with
young children. For instance, children’s reaches for
close objects are taken as evidence for their accurate
perception of object reachability. The fact, that the de-
cision to act on the environment (e.g., to reach for the
object or to sit in a chair) may depend on many cogni-
tive, motivational, social, perceptual and motor factors,
is often neglected.

The target paper presented two examples of action
errors observed in young children: distance errors (ie.,
attempts to reach for the out-of-reach objects) and
scale errors (ie, attempt an impossible action on ob-
jects that are too-small to accommodate children’s
body). From a behavioural perspective, these action
errors demonstrate a misfit between the features of
the children’s bodies and the environment -- they
demonstrate children’s failures in accurate perception
of affordance. The computational models, however,
point rather to changes in cognitive functions (ie., ac-
tion planning, language acquisition) as important fac-

tors that contribute to these action errors. Hence, from
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a mechanistic perspective these behaviours would not
satisfy the traditional (most stringent) definition of af-
fordance. This is quite problematic for the concept of
affordance, as the same action may be interpreted as a
misperception of affordance at the behavioural level, or
a general action error, but not an affordance at the

mechanistic level.

The importance of using embodied mod-
els to explain empirical findings

I fully agree with general comments that the idea of
affordance is very ambiguous, allowing for various in-
terpretations, and most of all, is not meant to be a
guideline for neural/mechanistic implementation. The
lack of these characteristics is a serious limitation of
the theory but is not the reason for abandoning the at-
tempts to implement it in an embodied computational
model.

It is important to emphasise that the primary mo-
tive for the development of the computational models
presented in the target paper was to explain the dis-
tance errors (ie, reaches to out-of-reach objects) and
scale errors (ie, attempts to perform impossible ac-
tions) observed in young children, and not to imple-
ment the existing theories of affordance perception. As
discussed earlier, these errors resemble misperceptions
of affordances on the behavioural level, and hence, the
computational models were informed by the existing
theories of affordance perception, and action selection
more generally. These models incorporate a minimum
number of components that allowed for the replication
of action error patterns.

The model of perceived reachability was based on
the action-specific perception theory, in which visual
information is scaled and transformed by action-specif-
ic influences (Proffitt 2006; Witt, 2011). Change in the
action abilities of the agent at the onset of walking in-
troduced perceptual changes, reflecting the fact that
perception of space is very different for younger, not
yet able to self-locomote infants than for the older,

able to self-locomote infants. It is important to notice
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that the model only captured the change from not
reaching to out-of-reach object before the onset of
walking to reaching to out-of-reach objects at the on-
set of walking. The later adjustment to not reaching to
out-of-reach objects was not captured by the model.
Additional factors such as action planning or inhibition
of the prepotent action would need to be included in
the model to allow it for the appropriate adjustment of
the reaching decisions after the onset of walking.

The model of scale errors instantiated the dual-
route theory of action selection (Riddoch, Humphreys
and Price, 1989). The visual route reflects object affor-
dances (in a traditional sense), while the semantic
route reflects the lexico-semantic knowledge. Our sim-
ulations showed that scale errors were observed only
in the lexico-semantic route, but not in the direct visu-
al route. Hence, the minimal architecture that has the
power to explain observed developmental errors in
children involves the lexico-semantic route.

The results of our simulations show that only fully
integrated cognitive systems that include higher order
cognitive skills (ie, action planning, language) have
the power to explain the developmental trajectories of

children’s actions on objects.

Motivation is important for developmen-
tal progression, but does not provide a
sufficient mechanistic explanation

Our developmental and computational studies (not
reported in this target paper) explored the possibility
that older infants may simply be more motivated to
grasp a distant object. Two of our developmental stud-
les attempted to manipulate children’s motivation to
reach for distant objects. One study used a more at-
tractive stimulus to increase younger children’s moti-
vation. Instead of balls on dowels, 9-month olds were
presented with attractive teddy bears. This manipula-
tion, however, did not increase reaches of younger in-
fants for out-of-reach objects. As in our baseline
study, infants reached for teddy bears when these

were presented at easily reachable distances, but they

did not reached any further. Another study attempted
to decrease older children’s motivation by making the
reaching task more physically demanding. To this end,
small weights were put on older infants’ wrists. Even
after making the task harder, older children persis-
tently reached (and often leaned) towards objects
placed outside of their reachable space.

Although the increase in attractiveness of the stimu-
li and difficulty of the task did not change infants’ per-
ceived boundary of reachable space, some evidence
suggests that motivation may contribute to their at-
tempts to grasp out-of-reach objects. The examination
of reaches at far distance as a function of trial block
showed that all infants (younger and older) reached
with high probability the first time the object was pre-
sented. While 9-month-olds and 12-month-old non-
walkers adjusted their reaching behaviour with fail-
ures to make a contact over subsequent trials, older
infants with walking experience showed no such ad-
justment. This results suggest a possibility that infants
without walking experience may actually not know
whether the objects beyond a certain distance are
reachable or not, but at this stage they may simply not
be interested in collecting more samples to disambigu-
ate between reachable distances. On the contrary, in-
fants with walking experience may be more intrinsi-
cally motivated to gain more knowledge or competence
about what is actually reachable and non reachable,
and hence may continue reaching for distant objects
despite their failures. Indeed, a progressive ordering of
target distances near-to—far or far-to-near and a di-
rect contrast of near and reachable targets versus far
and not-reachable targets yielded a marked reduction
in attempted reaches to targets at far and not-reach-
able distances. In this interpretation, 12-month-old in-
fants may have a strong intrinsic motivation to make
physical experiments to collect data necessary to dis-
ambiguate between reachable and non reachable ob-
jects. The goal of reaching attempt may not be to ac-
tually reach and grasp an object, but to gain

knowledge on the possibility of reaching. Hence the
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difference between 9-month-old infants and
12-month-old ones may be explained by different
weights of this propensity to explore reachability
through curiosity.

We examined how changes in motivation may influ-
ence newly walking infants’ reaching decisions in an
approximate optimal control framework (Grzyb, Bo-
edecker, Asada, & del Pobil, 2011; Grzyb, Boedecker,
Asada, del Pobil, & Smith, 2011). The main premise of
our hypothesis was that when infants gain control
over their environment via walking, the reward cir-
cuitry in their brain delivers a large reward to the ex-
ecutive brain areas facilitating repeated selection of ac-
tions that led to the gain of control. This reward is
experienced even though behaviour on a shorter time
scale (ie, reaching) fails, but progress is made on be-
haviour spanning an extended time scale (i.e. reaching
by walking). We suggested that novice walkers fail to
correctly update the boundaries of their reachable
space due to their decreased ability to learn from the
errors. This may result from infants’ high level of
sense of control upon making their first steps. Omis-
sion of the errors was suggested to enable selection of
different behaviours in a context when they normally
would not be selected providing more learning oppor-
tunities for fine-tuning these behaviours. For instance,
ignoring the errors in reaching may be helpful in fine-
tuning the newly acquired walking skill. The plausibili-
ty of this mechanism was tested using a simulated hu-
manoid robot where the robot's behaviour was
controlled by a two-layer reinforcement learning ar-
chitecture. The top layer was a decision making layer
responsible for selecting an appropriate behaviour (ie.,
reaching, walking or no action) depending on the dis-
tance to the object. The lower layer was another rein-
forcement learning controller for walking action. Our
results showed that ignoring the errors at the decision
layer after the onset of walking provided the robot
with more opportunities to practice walking behaviour.
However, the results did not show any significant in-

crease in the reaching to distant objects, showing that
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motivation is important for learning n;vv a new motor
skill (ie. walking towards target objects) but does not
explain underlying causes of walkers' continued reach-

es to out-of-reach objects.

Compromised visual processing and its
significance for advancing child learning

Yoshida raised two important questions in the com-
mentary to this target article. The first one concerns
the amount of relevant incoming visual input that chil-
dren actually process while forming a faulty action
plan. According to Yoshida, the size-sensitive behav-
iour of children while they are making scale errors
(bending over and using a precise grip to open the
small door etc.) may be apparent and result from the
online action accommodating processes that control
the execution of initiated action plans. This leaves open
the possibility that relevant object properties (dis-
tance, size) may not be processed adequately in the
action selection processes.

Yoshida's suggestion that size may not be initially
taken into account when forming an action plan is in
line with the existing theoretical explanations of scale
errors (including the one presented in this target pa-
per) (e.g, DeLoache et al, 2004; Glover, 2004). Our
computational model demonstrated that object size col-
lapses at the action selection level despite being prop-
erly attended in the initial stages of the visual process-
ing. These failures in appropriate action selections
were caused by the developing lexico-semantic system
that forces the neural network to temporarily cluster
object representations around their name.

However, the existing empirical and computational
modelling findings cannot exclude the possibility that
size information may be compromised at the earlier
stages of visual processing. Attention to object size
might be outweighed by an increased attention to ob-
jects’ shape. A large literature has suggested an in-
crease of children’s attention to object shape in the
context of early word learning (e.g., Imai, Gentner, &
Uchida, 1994; Smith, Jones, Landau, Gershkoff-Stowe,
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& Samuelson, 2002). Landau, Smith, and Jones (1988)
showed that children generalized name to test objects
that were the same shape as the exemplar, but not to
test objects that were different in shape. In that study,
the attention to shape strongly overrides size informa-
tion : children extended the novel name to same-shape
test object even though the test object was 100 times
the size of the original. Further empirical and compu-
tational studies should address the possible link be-
tween shape bias and scale errors in children, and role
of visual attention in children’s scale errors more gen-
erally.

Distance errors can be discussed in an analogous
manner. Our computational simulations showed that
children fail to take into account the necessity of com-
bined reaching and walking behaviours when present-
ed with distant objects in a sitting posture. However,
based on our simulations we cannot exclude the possi-
bility that distance information might not be processed
(attended to) while children make a decision on
whether to reach for an object or not. As in case of
scale errors, the relevant visual information (distance)
might be outweighted by other visual features. For in-
stance, for novice walkers grasping a distant object
may consist primarily of orienting the body in the di-
rection of the object, and moving until they arrive. At-
tending to the precise distance, in the moment, may
not be as important as attending to the object position
in respect to the body. Further extension of the com-
putational model should explore (and possibly refute)
the possibility that attention to object distance might
be compromised early in visual processing, leading to
failures in making appropriate reaching decisions.

The second question raised by Yoshida concerns the
developmental significance of distance and scale errors.
Acting on objects, even though inappropriate given
the object size or distance, might lead to discovery of
new visual object features, and further learning of new
action possibilities. Hence, according to Yoshida, these
errors may be important for navigating attention to

relevant perceptual features and advancing learning of

affordances.

Another possibility is that these errors may simply
be a by-product of developments in other domains and
play no significant role in discovering new action pos-
sibilities. Is important to note that these errors are ex-
amples of developmental regressions that occur at par-
ticular stages of child development. Before the onset of
walking, children may be well aware what is and what
is not within their reachable space (e.g, Field, 1976;
Rochat, 1992; Rochat, Goubet, & Senders, 1999). As ar-
gued in the target paper, these errors may be a mere
reflection of developmental changes in children’s action
planning system (combined reaching and walking)
and lexico-semantic system that cascades onto action
selection system. They could also reflect a rigid visual
attention system that is captured by visual object fea-
tures important for advancing learning in another do-
mains (walking, language). Future empirical and com-
putational studies are necessary both for deeper
understanding of the role of visual attention in distance
and scale errors and establishing their significance for

affordance learning.
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