
24

　The concept of affordances proposed by J. J. Gibson［18-20］ 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［20］. 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［20］） 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 
different levels （e.g.,［20, 53, 55］）. Perception of ‘passability’ of a door, that is closed, calls for reasoning and action planning 
skills. In this situation, the success of the action （i.e., 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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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. 
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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［27］.
　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［6, 21, 22, 33］. 
Language production has an impact on overt action and may influence the speed of action （i.e., action planning）［13］ 
as well as kinematics of the movements （i.e., action production）. For instance, Gentilucci and Gangitano［17］ 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［25, 26］. 
　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［20］ 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［10, 14, 15］. At or rapidly after the onset of reaching, infants systematically do not reach to far objects, be-
haviour that was considered as evidence for infants’ accurate perception of object reachability［8, 14, 15, 45, 47, 59］. 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［42-44, 47, 59］. For instance, Rochat and colleagues［47］ 
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［59］.
　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 
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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［34］ 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 
infants often persisted in their attempts. Because the McKenzie et al.［34］ observation that older infants may lack 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［23］. 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 
McKenzie et al.［34］, older infants, but not younger ones consistently and persistently made distance errors, that is, 
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.
　Taken together our studies, following up on an earlier observation by McKenzie et al.［34］ showed that there is 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［27］. 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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　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［39, 57］. 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 
first successful goal-directed reaches appear around the age of 4 to 5 months［30, 54, 56］, older infants had already sever-
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［27］. 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-
bility of this hypothesis with the use of computational modelling［27］. Two neural networks were used to integrate vi-
sual depth cues （i.e., 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［31, 38］. 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.,［2, 3, 28］）. 
　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-

Figure 1． General scheme of the reward-based learning architecture for the perception of object 
reachability and walkability.
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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 （i.e., 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.

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.
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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, 46］.

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.,［1, 5, 35］）. Young children, however, sometimes make serious attempts to perform impossible actions 
on miniature objects as if they were full-size objects［12］. 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-
nomena in typically developing children［11］, occurring in laboratory situations （e.g.,［4, 12］）, preschool classroom［48, 50］, and 
everyday life［49, 58］. 
　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 
object size information due to immature perceptual system［11, 12, 21］ or due to increased attention to object function［7］. 
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［24］. 
Misperception of object-based affordances could be related to changes in object perception and representation that 
accompany developments in word acquisition in young children （e.g.,［37, 52］）. Object name learning has important con-
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［32, 51, 60］. 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.［12］ 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 

（i.e., affordances）, but also, and sometimes primarily on lexico-semantic knowledge［9, 40］. Recent findings have demon-
strated that scale errors are modulated by linguistic information［29, 36］. 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［25］. 
　We computationally explored the possibility that scale errors arise from the interaction between the developing 
semantic system and the process of action selection［24］. Our mechanistic explanation of scale errors was based on the 
dual-route theory of action selection, first proposed by Riddoch, Humphreys and Price［40］, 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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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 

（i.e., Sensorimotor system）, and via in-direct, semantic route （i.e., 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, 

Figure 3．The architecture of our Developmental Model of Action and Naming （DMAN）.

 

 

 

 

  

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.
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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［12］. 

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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〈和文要約〉
アフォーダンスの知覚と高次認知機能の調和の必要性について

Beata J. Grzyb1, 2 博士
1 Radboud University Nijmegen, Postbus 9104, 6500 HE Nijmegen, the Netherlands
2 University of Plymouth, Drake Circus, Plymouth, PL4 8AA, the UK

　アフォーダンスは、人間が行動を起こすことを可能にする、環境またはオブジェクトの特性である。従来の見方
では、アフォーダンスは、高次認知プロセスの感覚処理または介入を必要とすることなく、視覚刺激が入ってくる
流れから直接知覚されると考えられている。アフォーダンスの誤認は、関連情報の検出の失敗、または経験不足や
不注意に起因する。幼児の行動ミスの2つの例である距離とスケールのエラーは、子供のアフォーダンスの認識に
おける未熟さとして現れる。われわれは実証研究で、一度獲得されたアフォーダンスが変化に影響されないという
証拠の提示を通じて、これらのエラーが、主要な発達マイルストーンである歩行および言語の達成にそれぞれ関連
することを示してきた。さらに、われわれの計算モデルの研究は、これらのエラーが、関連する知覚情報の検出の
失敗ではなく、行動計画システムおよび語彙 -意味システム（lexico-semantic system）の未熟さに起因し、それが
行動システムにも次々と現れることを示している。私たちは、距離エラーとスケールエラーに関する実証的および
計算論的研究に基づいて、アフォーダンス知覚の既存の理論が、行動計画や言語などのより高い認知能力に対応す
べきだと主張する。

●キーワード： アフォーダンス、距離エラー、スケールエラー、行動計画、語彙-意味システム（lexico-semantic system）


