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Relational Construction of Visual Objects 

Błażej Skrzypulec 

 

One of the main functions of visual system is to construct representations of objects. These 

visual objects are formed by developing and modifying the structure of more primitive visual 

representations. In the paper, I consider the type of structural change that transforms visual 

regions, which may be treated as maximal non-object representations, into basic, low-level 

visual objects. In order to identify such structural development, theories of early vision, 

models of figure/ground distinction, and ontological notions of objects’ structure are 

analyzed and discussed. A thesis is stated that external relations between visual 

representations are the main structural factor that determines the transition between non-

object representations and visual objects. I argue that such an approach is more adequate 

than propositions according to which visual objects are distinguished by virtue of internal 

relations, possessing certain features, exemplifying a general category, or having a visual 

index attached. This conclusion is preceded by conceptual considerations by which I specify a 

criterion for distinguishing category of visual objects from other types of visual 

representations. 

 

It is widely recognized in the cognitive sciences concerning vision that stimuli which 

affect the perceptual system are quite different from what we consciously see (e.g., Palmer, 

1999). The visual system is stimulated by light waves but our visual field is usually filled with 

objects. It seems, that visual system must be able to construct representations of objects 

relying on the input information. 

Within this context, one asks what concept of object is able to adequately describe the 

way in which visual objects are formed. Psychological and neuroscientific models often 

consider processes that allow the construction of visual objects (e.g., Treisman, 1999). 

Unfortunately, they usually do not make all their conceptual assumptions and consequences 

explicit, nor do they sufficiently explain which philosophical concept of object is used within 

their framework. 

On the other hand, various conceptions of objects’ structure have been proposed by 

philosophical theories of individual objects, formulated on the grounds of the analytic 

metaphysics. The philosophical debates have mainly considered conceptions offered by the 

substratum (e.g., Martin, 1980), bundle (e.g., van Cleve, 1985), and substantial (e.g., Lowe, 

2006) theories. However, in discussions regarding those metaphysical conceptions, scientific 

theories concerning vision are rarely addressed and the proposed conceptions of objects’ 

structure were not usually applied to visual objects. 
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Within this article, I will consider two examples of philosophical investigations about 

the structure of visual objects that can be found in works by Austen Clark (2004) and 

Athanassios Raftopoulos (2009). I address their conceptions by proposing how non-object 

visual representations are transformed into visual objects in the process of distinguishing 

figures from the ground. Despite accepting their general views concerning preattentive vision, 

I will argue that feature-placing mechanisms (proposed by Clark) as well as segmentation and 

grouping processes (proposed by Raftopoulos) are not sufficient to fully explain the way in 

which visual objects are constructed, even if they are combined with Pylyshyn’s notion of 

visual indices (Pylyshyn, 2001). 

I start with conceptual considerations about the understanding of key notions such as 

“visual object” and “constructing characteristics”. Firstly, a criterion for distinguishing visual 

objects from other types of visual representations is proposed. Secondly, the notion of 

“constructing characteristics” is explicated. Then, I investigate in which stage of the 

perceptual process visual objects are formed. The contemporary scientific models connected 

with that stage are described, and their conceptual assumptions, concerning the construction 

of visual objects, are revealed. Finally, the coherence of the most popular contemporary 

philosophical notions of objects’ structure and the assumptions of the scientific models 

considered is tested. As a result, I conclude that relational factors are the most relevant in the 

context of visual objects’ construction. 

 

I. Conceptual Considerations 

 

a) Representation and Visual Objects 

 

According to the constructivist paradigm of vision science (e.g., Palmer, 1999), a 

visual object is characterized as a representation. The perceptual system relies on the 

information received on the retina and constructs visual objects which represent the source of 

the incoming stimuli. 

At this point, it should be noted that I do not use the term “object” in a logical sense—

as anything to which predicates can be ascribed. In such case, everything presented in the 

visual field would constitute a visual object. Instead, I follow a common-sense notion that the 

label “object” is restricted to only some of the patterns. For instance, a black square on a 

white background is clearly an object, but there is no object formed by two tiny spots lying at 

opposite edges of a visual field. 
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If we want to more precisely grasp what a visual object is, then three elements 

connected with the notion of ‘representation’ should be distinguished: 

1) Physical object—visual objects represent postulated external, physical objects which 

are sources of stimuli received by the perceptual system. Those physical objects are 

not identical with visual objects, but it may be the case that visual objects’ structure 

represents the physical objects’ structure quite accurately in ordinary conditions. In 

this article, I will not investigate further neither the structure of physical objects, nor 

the representational relationship that connects them with visual objects. 

2) Vehicle of representation—incoming information for the visual system is processed by 

physical structures that are parts of the neural system. These devices may be called 

“vehicles of representation”, but they are not visual objects, and their structure (layers 

of neurons connected in a certain way), is not the structure of visual objects. 

3) Visual representation—in order to represent physical objects visual system constructs 

models of external reality by using retinal information processed by neural devices. 

Some of these models represent fragments of the perceiver’s environment as objects. I 

refer to such models as ‘visual objects’, and I investigate what type of structure they 

possess. 

The difference between the three notions can be demonstrated by a simple example. It 

may be the case that physical objects are represented by the visual system as localized bundles 

of features (size, color, etc.). In such a situation, visual objects’ structure consists of at least 

two distinct kinds of elements (i.e., location and features
1
) combined by some relation. This 

structure does not necessarily match the structure of the external, physical object, and quite 

clearly is different form the structure of the neural mechanisms that contributed to the creation 

of the visual object. 

 

b) Which Representations are Visual Objects? 

 

Visual objects are not the only ‘inhabitants’ of the visual field. There are also various 

pre-object representations—such as edges, blobs, regions constituting ground behind figures 

etc. (Marr, 1982; Palmer, Rock, 1994b). Due to this, a conceptual problem arises: What is the 

criterion for deciding whether a certain type of visual representation is a visual object? For 

example, Clark claims that a visual object is everything that a visual system treats as an object 

                                                           
1
 It should be noted that here “location” and “feature” do not refer to physical places and features, but are labels 

for simpler representations which constitute the structure of a more complex one—the visual object. 
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(Clark, 2004, pp. 463). In fact, it is easy to recognize objects in our usual visual field, when 

we have conscious access to the final product of the visual system. It is much harder to decide 

what is recognized as an object within the earlier stages of the perceptual process, which we 

are usually not aware of. 

The standard way to omit that problem is to make an abstraction from the features of 

fully developed visual objects. With such an approach, more primitive visual objects share 

some characteristics with fully developed ones: for example, they are spatially coherent 

(Spelke, 1990) or are able to persist through change (Raftopoulos, Müller, 2006a, pp. 254), 

though they still lack some of their features (in that they are not identified as members of a 

general category). Unfortunately, the choice of the relevant features will always be arbitrary 

to some degree and it is quite probable that all visual representations, including the most 

primitive, share some features with fully developed visual objects. In addition, in the standard 

approach what the visual system treats as objects is hardly investigated—rather it utilizes our 

intuitions about what it means to be an object. 

In this paper I choose a different criterion. I do not start from judging whether a type 

of visual representation is a visual object based on features shared by its tokens, but rather by 

investigating the placement of that type within the perceptual process. This criterion relies on 

the notion of ‘developed visual representation’ that may be intuitively accepted as a paradigm 

example of a visual object: 

(DVR) A developed visual representation is a type of visual representation whose 

tokens represent fragments of a perceiver’s environment as entities that are exemplars of 

general categories, have a definite shape (often, but not always, in a form of complex 3D 

structure), and are accessible within the standard visual awareness. 

Different, more primitive visual representation types are related to the DVR by some 

process. The relation that is especially relevant within this paper’s context may be called 

‘rigid connection’: 

(RC) A type of visual representation is rigidly connected to the developed visual 

representation iff every token of that type is transformed into a DVR token when it is 

processed non-regressively. 

The processing is ‘non-regressive’ when it does not degrade the representation’s 

structure, turning it into a more basic one. Regressive processes arise in cases when there is a 

shortage of time or operational capacities, for example when attention is rapidly drawn to 

another part of the visual field or when the presentation of stimuli is very brief. 
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Some types of visual representations may not be rigidly connected to the DVR. 

Meaning, that, even under very good processing conditions, at least some of their tokens are 

not transformed into tokens of the developed visual representation. 

Relying on DVR and RC the notion of ‘visual object’ can be characterized as: 

(VO) A visual object is a type of visual representation that is identical with the 

developed visual representation or that is rigidly connected to the DVR. 

The main advantage of the above definition is that it seems to successfully cut out a 

special fragment of perceptual processing, in which all visual representations are processed in 

a way that transforms them into paradigm examples of visual objects. It allows to identify 

what is treated as a visual object from the point of view of visual system functioning, without 

having to rely on our intuitions about what it means to be an object. 

According to VO, many types of visual representations may be visual objects. These 

types form a hierarchy which has the DVR as its highest element. At the bottom of the 

hierarchy are the most primitive types of representations which are still rigidly connected to 

the developed visual representation—i.e. all tokens of those types are transformed into DVR’s 

tokens under good processing conditions. 

Later in the paper, I investigate, referring to the scientific models, at what stage of 

visual processing representations are created that belong to the types that are rigidly 

connected to the developed visual representation. To avoid confusion, a terminological 

convention is adopted, that in order to refer to types of visual representations capital letters 

are used (e.g., Visual Object), while their tokens are named by using letters in lowercase (e.g., 

visual object). 

 

c) Constructing Characteristics 

 

The previous paragraphs presented what I understand by the term ‘visual object’ and 

proposed the criterion for distinguishing visual objects from different types of visual 

representations. Relying on that, it can be now explained, what I mean by ‘construction of 

visual object’. 

The VO criterion decides whether representations are tokens of a Visual Object, by 

considering their place within the perceptual process. In the subsequent parts of the paper, I 

try to figure out on what structural grounds representations gain the status of visual objects—

i.e. by virtue of what structural characteristics they become tokens of Visual Objects in the 

sense given by VO. 
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I assume that visual objects have some structure which is described by a set of 

characteristics, for example ‘is composed of two kinds of elements’, etc. What is more, I also 

assume that tokens of a single type of visual representation share a common set of structural 

characteristics (CSSC for short). The question remains, how to decide which of the many 

structural characteristics connected with types that are Visual Objects are those by virtue of 

which visual objects are constructed. 

In order to answer this question the notions of ‘minimal visual object’ and ‘maximal 

non-object representation’ may be introduced: 

(MVO) A type of visual representation is a Minimal Visual Object iff 

(1) it is a Visual Object, and 

(2) there is no subset of the CSSC shared by the tokens of that type that is a CSSC 

shared by the tokens of a different type that is also a Visual Object. 

In other words, the visual representation type is a MVO when there is no other type 

with a ‘smaller’ CSSC—in the sense of being a subset—that is still a Visual Object. It is 

worth noting, that there may be several types of representations that satisfy the definition 

MVO. The notion of ‘maximal non-object representation’ can be defined as follows: 

(MNOR) A type of visual representation is a Maximal Non-Object Representation iff 

 (1) it is not a Visual Object, and 

(2) there is an extension of the CSSC shared by the tokens of that type that is a CSSC 

shared by the tokens of a type that is a Minimal Visual Object, and 

(3) there is no other type of visual representation that is not a Visual Object and the 

CSSC shared by its tokens needs smaller (in the sense of being a subset) expansion to become 

a CSSC shared by tokens of a Minimal Visual Object. 

Simply speaking, a type of visual representation is a MNOR when its CSSC is the 

closest one to the CSSC connected with a type that is a Minimal Visual Object. Similarly as in 

the case of Minimal Visual Objects, the definition MNOR does not exclude a situation in 

which several types of representations are Maximal Non-Object Representations. 

By using the notions of MVO and MNOR it is possible to characterize the constructing 

structural characteristics for visual objects: 

(CON) A set of structural characteristics is constructing iff it constitutes a difference 

between the CSSC shared by the tokens of a Minimal Visual Object and the CSSC shared by 

the tokens of a Maximal Non-Object Representation. 

The visual objects’ construction may be characterized as a process in which maximal 

non-object representations are transformed into minimal visual objects by gaining 
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constructing characteristics. My goal is to identify which structural characteristics may be 

identified as ‘constructing’ and which types of ontological elements they describe. 

 

d) Objects’ Structure in the Philosophical Conceptions 

 

On the analytic metaphysical grounds, the three general ideas about objects’ structure 

have become the most influential. The first of those three notions henceforth will be named 

‘unique element structure (UE)’. According to this notion, entities are objects only when they 

possess a unique element within their structure—that means an element which can belong to 

the structure of only one entity at a given time. Various UE versions may be formulated by 

specifying the characteristics of the other elements of objects’ structure, the characteristics of 

the unique element, or the relation in which structural elements stand. The UE conceptions are 

connected with the substratum theories of individual objects (e.g., Allaire, 1963) as well as 

the conceptions in which objects are individuated by non-relational locations (e.g., Quinton, 

1973). By combining the CON criterion for constructing characteristics together with UE, a 

hypothesis can be stated that CSSCs connected with Minimal Visual Objects differ from 

CSSCs shared by tokens of Maximal Non-Object Representations by containing a description 

of a unique element. 

The second conception describes ‘specific connection structure (SC)’. Due to this 

notion, elements that constitute objects are connected in a special way—for example by a 

certain relation that binds them together. Obviously, it is possible to obtain different versions 

of SC by specifying the characteristics of elements that are combined and by describing more 

closely the bind that keeps them. SC conceptions can mainly be found within the bundle 

theories of individual objects, both in their universals (e.g., O’Leary-Hawthorne, Carer, 1998) 

and tropes variants (e.g., Maurin, 2002). By combining the CON criterion together with SC it 

may be proposed that the description of a specific connection differentiates CSSCs shared by 

tokens of Minimal Visual Objects from CSSCs shared by tokens of Maximal Non-Object 

Representations. 

The third notion of objects’ structure is based on the concept of exemplifying a general 

category and may be named ‘general category structure (GC)’. Within that conception, 

entities are objects by virtue of being the realization of a general category—preferably a kind 

that is the referent of a sortal term (usually a countable noun). Again, different versions of GC 

can be formulated by specifying the characteristics of a general category, of other structural 

elements, of relations between them, or of the relation of ‘exemplifying’. GC is strongly 
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connected with substantial theories of individual object (e.g., Loux, 1978). The CON criterion 

together with GC suggests that CSSCs shared by tokens of Maximal Non-Object 

Representations lack the description of exemplifying a general category present within CSSCs 

shared by tokens of Minimal Visual Objects. 

 The works by Clark and Raftopoulos contain descriptions of visual objects’ structure 

which bear a significant similarity to UE and SC notions. According to Clark, visual features 

have the characteristics of universals (Clark, 2004, pp. 453), in the sense that the same feature 

is realizable more than once, at a given time, in a single visual field, while every location 

always has a single realization. The feature-placing mechanism binds features with locations 

(Clark, 2004, pp. 453); while the attentional binding identifies which features have a common 

location (Clark, 2004, pp. 446). As a result of these processes, co-localized feature-clusters 

are constructed. These more complex representations make it possible to distinguish between 

different instantiations of the same feature and to recognize which features are connected with 

the same location. 

As opposed to Clark, Raftopoulos postulates (Raftopoulos, Müller, 2006b, pp. 198; 

Raftopoulos, 2009, pp. 91) that the first stage of visual object construction is governed by the 

preattentive segmentation and grouping processes. These mechanisms connect pre-object 

visual representation forming more complex wholes and organize them into visual regions. 

Both Clark (2004, pp. 455-456) and Raftopoulos (Raftopoulos, Müller 2006b, pp. 198; 

Raftopoulos 2009, pp. 91;) claim that in the next stage of the perceptual process the visual 

indices are attached to some of the representations constructed as a result of features-location 

binding or by segmentation and grouping processes. The idea of visual indices is inspired by 

Pylyshyn’s works (Pylyshyn, 2001), in which he proposes that a visual system is able to pick 

out several (4 to 6) objects from a scene and track them, preserving their identity despite 

movement or changes in their features.
2
 Visual indices also serve as gates to the further stages 

of perceptual processing: Indexed objects attract attention, which give access to visual 

awareness and facilitate the representation of higher-level features, especially shape. 

Subsequently, an object’s shape can be compared with stored representations of different 

categories of objects that leads to identifying an object as a member of a certain kind. 

By using the notions proposed by Clark and Raftopoulos three different hypotheses 

about the construction of visual objects can be proposed: 

                                                           
2
 The function of visual indices can be also be served by the “object files” (see Kahneman et al., 1992). 
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H1) Visual objects are formed by the mechanisms that create localized feature-

clusters. 

H1 implies that tokens of Minimal Visual Objects do not have a description of indices 

within their CSSCs. In that case, the constructing characteristics are described by the 

combination of the UE and SC notions—CSSCs of Minimal Visual Objects’ tokens differs 

from CSSCs of Maximal Non-Object Representations’ tokens by including the description of 

a unique element (common location of different features) and of a specific connection 

between elements (attentional binding). 

H2) Visual objects are constructed by the preattentive segmentation and grouping 

processes. 

H2 also assumes that tokens of Minimal Visual Objects are not indexed. In this 

context, the constructing characteristics seem to be consistent with the SC notion—tokens of 

Maximal Non-Object Representations are transformed into Minimal Visual Objects’ tokens 

when their elements are grouped in some appropriate way. 

H3) Visual objects are constructed by attaching the visual indices. 

According to H3, Maximal Non-Object Representations’ tokens are transformed into 

tokens of Minimal Visual Objects by attaching visual indices. The visual indices are clearly 

unique elements—one index can be attached to only one visual object at a given time. Due to 

this, the constructing characteristics in the case of the H3 will constitute an example of 

construction connected with the UE notion. 

Later in this article, I test if the above hypotheses and ideas connected with 

metaphysical conceptions of objects’ structure are consistent with the constructing 

characteristics proposed by scientific models of figure/ground distinction, and I argue that a 

different relational notion is more adequate. 

 

II. Visual Objects in the Perceptual Process 

 

In the previous section, I presented some conceptual assumptions about the notion of 

‘visual objects’ and alternative propositions of possible constructing characteristics. All these 

claims specify how I intend to analyze the problem of a visual object’s construction. 

However, to conduct such investigations, it is also needed to decide which scientific models 

are relevant for the issue. In the following paragraphs, I briefly describe the initial phases of 

the perceptual process in order to identify a stage in which visual objects are formed. Then, I 
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present scientific models connected with that stage, assuming that they may imply interesting 

statements about visual objects’ constructing characteristics. 

 

a) Stages of Low-Level Vision 

 

In presenting the stages of the visual process, I rely on the pattern of visual processing 

proposed by Rock and Palmer (1994b), whose general features are widely shared within the 

psychological literature. Rock and Palmer distinguish four phases of early visual information 

processing: (1) edge detection, (2) region formation, (3) figure/ground distinction, and (4) 

grouping/parsing. 

During the edge detection stage, the regional borders of different light reflectance are 

represented as visual edges due to the neuron activity in the V1 level of the visual cortex 

(Hubel, Wiesel, 1962). The low-level cortical structure is retinotopic—each neuron is 

activated by a stimulus coming from a certain region of the retina and the whole net of 

neurons map the retinal topography (Hubel, 1995). Thus, the edges can be localized. In the 

next step, local edges are connected according to Gestalt-like principles of grouping, 

especially by proximity (Rensink, Enns, 1995; Palmer et al., 1996). As a result of the edge 

detection stage, edge maps are formed which present border nets on different scales and, after 

integrating information from both eyes, on different depths (Palmer, Rock, 1994a). It is 

commonly accepted that this process happens unconsciously, preattentively, and in parallel to 

the whole visual field. The simple edges and their connections probably can be regarded as 

pre-object individuals, but they are unlikely to be visual objects. However, to evaluate 

whether the type of representation that contains edges as tokens satisfies the VO criterion, we 

have to investigate how edges are processed in the subsequent stages of the perceptual 

process. 

Within the region formation stage, information about edges and the features present on 

either side of them is used to divide the visual field into qualitatively homogenous regions. 

Various mechanisms of region formation have been proposed in the cognitive sciences, 

including by: contour connecting and pixel classifying (Leung, Malik, 1998; Bruce et al. 

2000; Boykov, Jolly, 2001); texture grouping based on local differences of their elements 

(Malik, Perora, 1990; Nothdurft, 1992); or the interactions between mechanisms that connect 

edges and those which ‘fill in’ closed borders with surface features (Grossenberg, 1997). The 

result is the creation of localized features maps, on different scales and depth planes, 

surrounded by edges (Grossenberg, 1994). It is controversial to what extent attention is 
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needed to perform region formation, and whether attention is necessary for the process itself 

or only for awareness of the results (e.g., Ben-Av et al., 1992; Mack et al. 1992). According to 

Rock and Palmer (1994b), the uniformly connected regions—closed by edges and filled by 

homogenous features—constitute object-candidates. Due to other research, uniform 

connectedness is not necessary, and proximity between edges designating a region is 

sufficient for forming an object-candidate (Hon et al., 1999; Kimchi, 2000). The term ‘object-

candidate’ means that some of the formed regions are later distinguished as figures, while 

others do not achieve that rank and thus constitute ground. 

 Regions may be plausibly interpreted as representations resulting from Clark’s (2004) 

feature-placing mechanism and attentional binding, as well as from the grouping and 

segmentation processes described by Raftopoulos (2009). Those representations are examples 

of Clark’s feature-clusters, as they are composed of different kinds of features (e.g. color, 

orientation, length) connected by their simultaneous presence at the same location. They can 

be also described in accordance with Raftopoulos claims, as being constructed by grouping 

similar representations into larger wholes and by separating distinct ones. 

Further region status is determined during figure/ground discrimination. Some regions 

become figures, while others are treated as ground extending behind them. Those regions 

distinguished as figures are then, that is, in the subsequent grouping/parsing phase, grouped 

together as described by the Gestalt principles (e.g., by proximity or similarity; Kubovy et al., 

1998; Elder, Goldberg, 2002; Palmer, Beck, 2007) or divided into parts (e.g., Hoffman, 

Richards, 1984). As in the region formation stage, views differ on the role of attention in 

making the figure/ground distinction—some researchers propose that without attention this 

process cannot be conducted (Mack et al., 1992); while others believe that attention is only 

needed for the conscious access to the distinction’s results (Driver et al., 1992; Moore, Egeth, 

1997); or they hold that only certain objects’ features, like shape or precise localization, 

cannot be obtained without attention (Rock et al., 1992; Rensink, Enns, 1995). 

According to the cognitive science literature, it seems that figure/ground 

discrimination is a visual process phase in which objects are constructed and during that phase 

certain representations are distinguished as figures from other non-object structures. The 

representations types present at the other stages have characteristics which prohibit them from 

serving that very function. 

The structure of regions constructed during the region formation stage is not sufficient 

to constitute visual objects as some of the regions are interpreted as ground. Because of that 

the Visual Region, as a type of visual representation, does not fulfill the VO criterion—not all 
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of its tokens are transformed into Developed Visual Representation’s tokens, even in good 

processing conditions. Consequently, the same conclusion applies to more primitive 

representation types, whose tokens are edges formed during the edge detection stage. They are 

not Visual Objects due to the fact, that some of their tokens are processed into regions which 

then form ground and are not transformed into Developed Visual Representation’s tokens. 

The fourth stage—grouping and parsing—develops the structure of already constructed visual 

objects, so it contains representation types that are not Minimal Visual Objects. 

Only during the stage of figure/ground discrimination do visual representations cross 

the border dividing the Maximal Non-Object Representation and Minimal Visual Object. It 

seems, that some tokens of the Visual Region type gain additional structural characteristics by 

virtue of which they will be processed further (as stated in the VO criterion); finally becoming 

tokens of the Developed Visual Representation. These regions, extended by an additional 

characteristic, seem to be tokens of the Minimal Visual Object and their additional 

characteristic constitute the constructing characteristic according to the CON criterion. The 

subsequent processing of these minimal visual objects includes attaching visual indices, 

grouping minimal objects into more complex ones, attracting attention, and categorizing. All 

stages after figure/ground discrimination are directed towards the creation of Developed 

Visual Representation’s tokens—non-regressive processing at those stages will not produce 

tokens of any other type of visual representation. 

In the next subsection, I describe the figure/ground discrimination stage by presenting 

scientific models which contain a detail description of constructing characteristics that differs 

Minimal Visual Object’s tokens from tokens of the Maximal Non-Object Representation. 

 

b) The Figure/Ground Distinction 

 

Obviously, the distinction between figure and ground is easy to grasp from a 

phenomenological point of view (Palmer, Rock, 1994b). Regions interpreted as figures are 

inter alia perceived as being closer, as more salient, and borders between regions seem to 

belong to the figure region. Oppositely, a ground-region is perceived as unconstrained by 

borders and extending behind a figure. 

The scientific models of figure/ground distinction usually implement the competition 

between regions idea (Pomerantz, Kubovy, 1986; Palmer, Rock, 1994a; 1994b). Often one 

will gain the figure status, while the other will be interpreted as ground. Which competing 

region will become a figure is determined by their geometrical features inferred from stimuli 
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(so-called ‘bottom-up’ factors) and also by the functioning of the higher-level perceptual 

mechanism connected with attention and categorization (‘top-down’ factors). 

The first way to describe the feature-ground discrimination mechanism is to specify a 

set of rules characterizing relations that determine the competition outcome. For example, 

usually a region that is smaller, more symmetrical, and more convex, has more closed 

contours, and/or which lies closer to the observer will be interpreted as a figure. These 

bottom-up factors are supported by top-down mechanisms. In particular, having a shape that 

is more recognizable than the shape of another region, and being under the focus of attention 

are factors which lead to figure status (Peterson et al., 1991; Peterson, Gibson, 1993; 1994). 

The second approach is to build a neural model of competitive figure/ground 

discrimination. Neurological findings on the behavior of cells in the visual cortex have 

inspired such models. It is widely recognized that, even in the low-level cortical layers, 

neurons present different activities when they encode a figure fragment than when they 

encode a ground fragment (Lamme, 1995; Albright, Stoner, 2002). For example, so-called 

border ownership cells encode the information about to which competing region a particular 

edge belongs (Zhou et al., 2000; Qiu, von der Heydt, 2005). Importantly, whether a neuron 

presents the figure-activity or the ground-activity is not determined solely upon the local 

feature of the stimuli received by that cell, but also by the visual field’s global content (Lee et 

al., 1998). Such findings are coherent with the idea of the competitive nature of figure/ground 

discrimination. It seems that this process is not based on a region’s internal features, but rather 

relies on a relation between competing regions’ features. 

The general structure of the different neural figure/ground models consists of a few 

neural layers (Kienker et al., 1986; Vecera, O’Reilly, 1998; Vecera, 2000; Craft et al., 2007). 

Usually, the first layer is composed of ‘edge units’. A few competing edge units are 

associated with every location in the visual field, and each of them encodes the alternative 

interpretations of border ownership. For example, if an edge is present in a location, then one 

edge-unit encodes the interpretation ‘the edge belongs to the figure on the left’, while the 

other encodes the opposite interpretation ‘the edge belongs to the figure on the right’. Choice 

between the alternative edge units is made on the basis of bottom-up cues, similar to those 

proposed within the ‘set of relational rules’ approach described earlier. For example, the edge 

is recognized as belonging to a more closed, smaller, more convex, and/or closer region. 

Some of the neural models assign object status to those regions which have more closed 

contours than their competitors (e.g., Qiu et al., 2007). 
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The next neural layer consists of ‘figure units’ that encode the presence of a figure 

fragment at a given location. Every edge unit is linked by an excitatory connection to a figure 

unit, and inhibitory connections hold between figure units connected to competing edge units. 

Competition-winning edge units facilitate the corresponding figure units, and by doing so they 

also inhibit the activation of other figure units. The multiple active figure units encode the 

region recognized as a figure. 

The competition neural models usually also include top-down factors able to resolve 

ambiguous cases. Within some of these models (e.g., Vecera, O’Reilly, 1998; Vecera, 2000), 

a categorization mechanism that recognizes a region as an exemplar of a certain general 

category of objects is postulated. According to that proposal, a pattern of active figure units 

determines the shape of a region which is then matched with higher-level representations of 

known object categories. The higher matching degree makes obtaining figure status more 

probable. 

Other neural competition models (Kienker et al., 1986; Craft et al., 2007; Qiu et al., 

2007) include a kind of attentional mechanism. Attention facilitates the activity of figure units 

encoding a certain region, leading to distinguishing it as a figure. What is more, moving the 

attention focus facilitates switching between the alternative figure/ground region divisions. Of 

course, these two proposals of top-down mechanisms should be treated as complementary 

rather than exclusive. 

In the next section I consider what constructing structural characteristics, understood 

as with the CON criterion, are suggested by the above models. Subsequently, it will be tested 

whether those characteristics are consistent with ‘unique element’, ‘specific connection’, and 

‘general category’ approaches to the objects’ construction. 

 

III. Constructing Characteristics in the Scientific Models 

 

a) The Relational Notion 

 

The bottom-up factors, proposed by neural (e.g., Vecera, 2000) and ‘set of rules’ 

models (e.g., Palmer, Rock, 1994b), that determine the figure/ground discrimination are 

clearly relational. To become a figure, a visual region should be recognized as standing in a 

certain relations to other visual regions. For example, a Visual Region’s token becomes a 

Minimal Visual Object’s token when it is recognized as more convex and/or as having more 

closed shape than its competitors. 
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On the contrary, the relational nature of top-down factors is much less obvious. The 

first of the top-down mechanisms postulated within figure/ground discrimination models (e.g., 

Peterson, Gibson, 1994; Vecera, O’Reilly, 1998) is responsible for identifying regions as 

exemplifications of general kinds, by matching their shape with representations stored in the 

memory. Exemplifying a kind is therefore a constructing characteristic which distinguishes 

tokens of Minimal Visual Objects from tokens of the Visual Region. However, many 

demonstrations suggest that the objects’ construction by exemplifying a general kind also 

relies on relations. This can be illustrated by the well-known pattern presented in Figure 1. 

 

 

 

 

 

 

 

 

Figure 1 An example of the classical Rubin vase pattern.  

Source: http://www.positivehealth.com/article/holistic-psychotherapy/gestalt-therapy-and-humanistic-

psychology (Litt, 2000) 

 

All regions within that pattern are, to some similar degree, exemplifications of general 

categories of objects—the central region resembles a vase and two parts of the black region 

are face-shaped. If the construction by exemplifying a general kind was non-relational, then 

all regions would be simultaneously recognized as figures, as they partially fall under a 

general category of objects. On the contrary, people have difficulties in seeing all regions as 

objects and they switch between seeing two faces or a vase on the objectless ground. 

It seems that a non-relational feature of being recognizable is not sufficient for 

achieving the visual object status, but, in addition, standing in a proper relation, for example 

of ‘being more recognizable’, is needed. That claim is demonstrated by means of a modified 

Rubin vase pattern (Figure 2), in which some of the regions match the general category to a 

higher degree. In such a situation, a region that stands in a relation of being more recognizable 

than its neighbors is more likely to be recognized as a visual object. 
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Figure 2 The modified Rubin vase pattern.  

Source: http://www.moillusions.com/2008/09/fats-rubin-vase-reveals-twin-portaits.html (Vurdlak, 2008). 

 

The second top-down mechanism is connected with the focus of visual attention (e.g., 

Qiu et al., 2007). Being within the focus of attention allows a region to become a visual 

object, and by doing so, the focus serves as a constructing characteristic. Judging whether the 

attentional figure/ground discrimination mechanism is relational—i.e. if a region becomes an 

object not when it is merely attended to, but when it is, for example, attended to more than 

other regions—is a difficult task due to the variety of different models of visual attention 

offered within the psychological literature. According to some basic distinctions, attention 

could be: 

(1) either unifocal or multifocal—either focused always in one part of the visual field 

or possessing an ability to be present in a few disconnected parts (e.g., Cave, Bichot, 1999; 

Müller et al., 2003), 

(2) either uniformly distributed or gradient—either everything under the focus of 

attention receives the same amount of attentional resources or the attention strength decreases 

in a wave-like fashion from some point (or points) of the highest focus towards less attended-

to areas (e.g., LaBerge, Brown, 1989; Kramer, Jacobson, 1991), 

(3) either space-based or object-based—either directed upon a fragment of visual 

space or directed upon a visual representation (e.g. Scholl, 2001; Sato, Blanco, 2004). 

Consequently, combining these three pairs of features easily allows one to obtain eight 

alternative visual attention models. The relational interpretation is supported by all gradient 

models. In these models, the neighboring visual regions may receive a different amount of 

attentional resources; usually a region in the center of attentional focus is attended to more 

than its neighbors. Within this article, I assume, in line with the important body of 

contemporary psychological works (e.g., Andersen, Kramer, 1993; Dori, Henik, 2003), that 

visual attention may be plausibly interpreted as proposed in the gradient models. 
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From the above considerations the inference can be drawn that visual regions—

clusters of visual features realized in a location designated by some edges—become visual 

objects when they are recognized as standing in proper relations, determined by both bottom-

up and top-down factors, to other visual regions. Using the terminology connected with the 

general understanding of constructing characteristics presented earlier (the CON criterion); 

the CSSC shared by Minimal Visual Object’s (figure) tokens is the expansion of the CSSC 

shared by tokens of Maximal Non-Object Representation (visual region). The difference 

between those two sets consists of characteristics describing standing in certain relations. 

The CSSC of Visual Region’s tokens consists of: a description of borders, a 

description of surface features realized within borders, and a description of localization. The 

CSSC shared by Minimal Visual Object’s tokens additionally contains a description of 

relations, because to be constructed as a visual object specific relational structure is needed. 

Those additional relational characteristics are constructing characteristics of visual objects 

and I refer to the conception relying on them as the ‘relational notion of objects’ 

construction’. 

Three types of visual representations are involved here. The first one is the Visual 

Region that plays the role of the Maximal Non-Object Representation. Visual Region’s tokens 

do not have relational characteristics—at that stage relations between regions are not 

recognized by the visual system. When the relational characteristics of regions are recognized, 

some of them become Minimal Visual Object’s tokens, by virtue of standing in a certain 

relational network. Other regions, which relations are less favorable, become tokens of non-

object type of visual representation that contains elements of ground. 

 

b) The Relational Notion and Other Conceptions 

 

The relational notion of visual objects’ construction (REL) cannot be easily reduced to 

construction conceptions connected with the philosophical ideas concerning objects’ 

structure: the unique element structure (UE), the specific connection structure (SC), or the 

general category structure (GC). REL is distinct from the UE because relevant relations, such 

as ‘is more symmetrical than’ or ‘is attended to more than’, are not unique elements but are 

repeatable (that is, they can be simultaneously realized many times within a single visual 

field). The REL is also different from the SC due to the fact that objects’ construction does 

not happen by virtue of relations between elements constituting a single region, but because of 

relations between different regions. Finally, the REL is also inconsistent with the GC idea, 
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because it is possible for a visual object to be formed without being immediately recognized 

as an instance of a general category of objects. In addition, exemplifying a general category 

seems to function as a kind of top-down relational factor. 

From the above perspectives, the conceptions of a visual object’s construction that can 

be found in works by Clark and Raftopoulos, together with hypotheses H1, H2 and H3, can be 

evaluated. According to these notions, the constructing characteristics of visual objects are 

examples of the UE or the SC kind. However, the models of the figure/ground distinction 

suggest a different, relational notion of objects’ construction, which is inconsistent with both 

UE and SC.
3
 

What is more, the hypotheses H1 (construction by feature-place binding) and H2 

(construction by preattentive segmentation and grouping) seem to ascribe the label ‘visual 

object’ too early, according to the VO criterion. Every visual region is constructed by the 

mechanisms of binding, segmentation, or grouping, but not every visual region is transformed 

into a Developed Visual Representation’s token, even in good processing conditions. The 

notions of objects’ construction described by H1 and H2 do not explain why only some 

regions are processed in that way. 

On the other hand, the hypothesis H3 (construction by the visual indices) introduces 

the ‘visual object’ notion too late and creates an explanatory gap. If attaching an index is 

sufficient for creating a visual object from a pre-object visual region, then why can the indices 

not be attached to whichever visual region, allowing any of them to be transformed into a 

visual object. On the contrary, it seems that only some regions have certain characteristics that 

attract visual indices. From the CON criterion perspective, attaching a visual index does not 

create tokens of Minimal Visual Object but operates on already formed minimal visual objects 

that were constructed from visual regions by virtue of standing in a proper relational network. 

The general relational notion may be specified in many alternative ways. In the 

following paragraphs I sketch a relational theory of visual objects’ construction that 

accommodates the basic phenomena connected with figure/ground discrimination. 

 

c) A Theory of Visual Objects’ Relational Construction 

 

                                                           
3
 However, it may be possible to reinterpret the notion proposed by Raftopoulos in a relational fashion, due to 

the fact that he also describes the development of visual representations as competition (Raftopoulos, 2009, pp. 

7-15). 
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The first idea about the relations by virtue of which a visual region is transformed into 

a visual object comes from the notion of competition between regions. A region wins the 

competition when it is recognized as standing in proper relations to other visual regions, such 

as when it is more symmetrical, more convex or has more coherent borders. Such relations, 

which are based on bottom-up factors constituted by geometrical features, I call the ‘bottom-

up relations’. The ‘worst’ region according to possessed bottom-up relations, among all 

within a particular visual field, is treated as ground and not as a visual object. What is ‘better’ 

or ‘worse’ in considered cases is a matter of empirical investigations, which discover how 

certain differences between regions influence their chances during figure/ground 

discrimination. 

Secondly, according to the observations made by Pylyshyn (2001) that inspired his 

visual indices notion, it seems that a visual system is able to simultaneously form several (4 to 

6) visual objects which can be further processed by attaching visual indices. According to this 

idea, a visual region, to become a token of Minimal Visual Object, needs to be among the 

several best regions according to bottom-up relations. 

The above propositions need further modification if it is acknowledged that some 

visual regions may be mutually exclusive. Functionally, the mutual exclusion (ME) between 

visual regions can be defined in the following simple way: 

(ME) Two visual regions are mutually exclusive iff they cannot simultaneously be visual 

objects. 

There are at least two kinds of ME. The first of them is connected with the top-down 

categorization process. The probability of such a top-down ME is high when regions are 

perceived as equally distant from the observer, match general categories to a similar degree, 

and share a substantial portion of their borders (Figure 1). 

The second kind occurs by virtue of bottom-up geometrical factors relevant for the 

visual completion phenomenon. Visual completions happen when one region is recognized as 

being completed behind the other region.
4
 In the psychological literature, models of visual 

completion explain the occurrence of that phenomenon by recognizing certain features of 

borders discontinuities and ways in which edges could be bound behind the occluder (e.g., 

Kellman, Shipley, 1991; Tse, 1999). 

The visual completion phenomenon may lead to ME when completion is symmetrical, 

that is when it is possible to interpret one region as occluded by another and vice versa. Figure 

                                                           
4
 For arguments that visual completion is an early process, occurring preattentively, see Moore et al. (1998). 
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3 demonstrates such a situation: The black cross may be perceived as an object on the white 

ground completed behind it, but it is also possible to see the white ‘fan’ as a figure on black 

ground. 

 

 

 

 

 

 

 

 

Figure 3 Symmetrical completion leads to competition.  

Source: http://www.tau.ac.il/~tsurxx/FigureGround/Figure-ground+mp3New.html (Tsur, 1998). 

 

The ME case inclusion leads to the conclusion that visual regions recognized as visual 

objects have to be better, according to bottom-up relations, than their mutually exclusive 

regions. 

Of course, the visual objects’ construction is not determined only by bottom-up 

factors. A very important role is also played by top-down relations, especially those connected 

with visual attention. According to such relations visual regions can be ‘attended to less’ or 

‘attended to more’ than other regions. In some cases, attention may not differentiate among 

regions, allowing them to be attended to equally. By adding this condition the theory of 

preattentive relational construction of visual objects can be formulated: 

(PREL) A visual region is transformed into a visual object if it is recognized that: 

(1) it is not the worst of the presented regions according to bottom-up relations, and 

(2) it is among the best N (number of visual indices) regions according to bottom-up 

relations, and 

(3) it is better, according to bottom-up relations, than its mutually exclusive regions, and 

(4) the presented regions are equal according to top-down attentional relations. 

However, the process of the preattentive construction is not able to deal with all 

relevant cases. In particular, PREL will not work if: 

1) the number or equally good (according to bottom-up relations) visual regions exceeds 

the number of the visual indices; 

2) two mutually exclusive visual regions are equally good (according to bottom-up 

relations); 
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3) due to a cognitive goal, such as searching for a camouflaged object, the visual system 

needs to recognize as an object a poor (according to bottom-up relations) visual 

region,. 

Visual attention is able to resolve the above problems by (1) focusing on only some of 

the visual regions that are equal according to bottom-up relations, (2) focusing on only one of 

the mutually exclusive regions, and (3) focusing on region that is worse, according to the 

bottom-up relations, than other regions. In all such cases, visual regions are transformed into 

visual objects by virtue of standing in top-down relations of being attended to more than 

others. What is more, the attentional top-down relations can override the influence of bottom-

up factors, so a highly attended-to region may be recognized as an object even if it is standing 

in an unfavorable bottom-up relational structure. By taking these remarks into consideration, 

the theory of attentional relational construction of visual objects can be stated: 

(AREL) A visual region is transformed into a visual object if it is recognized that: 

(1) it is among the N (number of visual indices) regions that are equal according to 

top-down attentional relations and those regions are attended to more than all 

other presented regions,
 
and 

(2) it is attended to more than any of its mutually exclusive regions. 

PREL and AREL describe two sets of the constructing characteristics that differentiate 

tokens of the Maximal Non-Object Representation from tokens of the Minimal Visual Object. 

When a visual region is recognized as standing in a favorable bottom-up relational structure 

and attention does not discriminate between regions, then it is transformed into a visual object 

preattentively (described by PREL). If a region is recognized as standing in proper top-down 

attentional relations (described by AREL), then it is attentionally transformed into a visual 

region, even if its bottom-up relations are rather poor. 

If a visual region satisfies conditions characterized by PREL or AREL, then it also 

satisfies the VO criterion and is a minimal visual object. Such a region will then gain a visual 

index; its more complex features (especially its shape) will be processes; it can be grouped 

with other simple objects to form a more complex one; and finally it will be categorized to 

become a developed visual representation. The only cases, in which a region, that possesses 

PREL or AREL characteristics, would not reach developed visual representation status, are 

those connected with a lack of time or cognitive capacities, or those caused by a regressive 

process that strips it of relevant relations and thereby turn it into an ordinary visual region, 

which relational characteristics are not recognized. 
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It should be noted, that according to the above considerations are two distinct 

expansions of the set of a visual region’s structural characteristics and so two different types 

of representations that are Minimal Visual Objects. However, preattentively constructed 

objects usually attract attention and also gain favorable top-down relations. 

 

IV. Conclusions 

 

I have argued that the adequate account of visual objects’ construction can be provided 

by a relational notion. According to it, a visual region is transformed into a visual object if 

and only if it is recognized as standing in certain relations to other regions. I have identified 

these relations as constructing characteristics of visual objects, as their presence distinguishes 

the CSSC shared by tokens of the Minimal Visual Object from the CSSC shared by tokens of 

the Visual Region, that are maximal non-object representations. The relational notion is 

coherent with the major figure/ground scientific discrimination models, which claim that 

regions are distinguished as object by means of comparing their features with those of other 

regions. More specifically, I have proposed that two types of relational constructing 

characteristics exist: one connected with the preattentive and a second with the attentive mode 

of objects’ formation. 

Apart from introducing the relational notions of visual objects’ construction, an 

additional result show that the most popular notions of objects’ structure proposed so far on 

the ground of analytic metaphysics, connected with unique elements, specific connections, or 

exemplifying general categories, do not play an important role in describing the constructing 

characteristics of visual objects. What is more, the analysis suggests that proposals by Clark 

and Raftopoulos about visual objects’ construction need adjustments to accommodate the 

important role of relational factors. 
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