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ABSTRACT 

In this dissertation we explore the representational capacities infants recruit in the process of 

tokening objects. We argue that infants around the first year of life are equipped with multiple 

representational systems that serve to uniquely index entities. The main contribution of the 

present work is the proposal of a novel indexing system, one that is bound to communicative 

discourses. This system is engaged in referential communication, and creates an index for every 

entity that is construed as under discussion by the communicative agents. Moreover, we claim 

that this communicative indexing system is largely independent from visual indexing. Using 

standard methodologies in the object individuation literature we demonstrate that indexing in a 

discourse is not based on the spatiotemporal characteristics of the represented entities. Although 

we found that in isolation infants can use spatiotemporal information to create multiple object 

representations, we consistently found that if the objects were presented in a referential-

communicative context, infants did not take the spatiotemporal separation between objects as an 

individuating criterion. We also explored the nature of the discourse-bound system by directly 

assessing the process of index creation within this system. We devised a novel individuation 

paradigm, where infants did not have any direct perceptual access to the objects and had to 

derive numerical expectations solely from their interpretation of communicative acts. Within this 

paradigm, infants could recruit different types of information in order to create novel indices. 

Our findings suggest that within a discourse context, both distinct communicative agents and 

distinct referred-to locations generated expectations of multiple objects. Crucially, infants had 

trouble integrating referential information from disjoint discourse contexts. Together, these 

results underscore the point that discourse-bound representations are not based on a first-person 

encoding, but bound to specific communicative contexts. Our proposal and the empirical results 

have various architectural ramifications for, and raise important questions about, the interface 

between distinct systems of indexing. Positing a discourse-bound indexing system in infancy is 

empirically supported and theoretically productive as it can offer a framework to explore the 

developmental origins of the displacement property of human communication. 
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Chapter 1 — Indexing objects around the first year of life 

“Identity is utterly simple and unproblematic. Everything is identical to itself; nothing 

is ever identical to anything except itself. There is never any problem about what 

makes something identical to itself; nothing can ever fail to be. And there is never any 

problem about what makes two things identical; two things never can be identical. 

[…]There might be a problem about how to define identity to someone sufficiently 

lacking in conceptual resources […] but since such unfortunates are rare, even 

among philosophers, we needn't worry much if their condition is incurable.” 

   (Lewis 1986, 192–193) 

This dissertation aims to explore the nature of human infants’ object representations. At first 

blush, we take a naive realist position (Fodor, 1998, 2006) and define object representations as 

extensionally as we can: as mental tokens that under everyday circumstances pick out particular 

objects. While objects might be understood extensionally, “mental tokens” are internal notions 

and thus require further clarification. A token (object representation) is taken to be a specific 

subcategory of mental representations, one that is indexable. In order to pick out particular 

objects from the environment, any system that represents them have to fulfill some basic 

functions. It has to (1) maintain the identity of the represented entities, (2) distinguish different 

entities from  each other, (3) provide an address for any represented entity, to which properties 

might be bound to and queried from, and (4) make this address available for further cognitive 

processing. Indices, irrespective of their implementation — be it symbols, icons, files, slots, 

neural activation patterns or something else — are the simplest and to our knowledge only way 

of adhering to these requirements. A system that assigns an index to each representation it 

contains has a way of establishing the identity of the represented objects. An object can be 

tracked as “itself” as long as it has its corresponding index assigned. Objects can be 

differentiated: two objects are different iff they have different indices. Information can be bound 

to and queried from a specific object iff an index can be used to establish which object 
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representation to operate on. And finally, indices might be used by other cognitive processes to 

refer to the represented objects, even if we assume a high level of cognitive impenetrability of 

the processes that create and maintain the indices (Pylyshyn, 2003).  

What system(s) are present in the infant mind that are able to assign indices to objects? How are 

indices created and how are they tracked? Are there multiple indexing systems? If yes, how do 

they interact with one another to establish coreference? Trying to probe these questions, the 

general strategy of the dissertation is the following. As the process of indexing is not directly 

observable, the nature of these systems have to be inferred from infants’ behavior in well 

controlled situations. In the present chapter we will detail some of the properties that infants use 

to establish the identity and non-identity of objects in these circumstances. We will review 

evidence of the processes of index assignment. We will also show that infants’ behavior in 

specific circumstances can be considered as preliminary evidence for the existence of multiple 

indexing systems. In Chapters 2 & 3 we will present new empirical evidence that provide partial 

support for this hypothesis. In Chapter 4 we will focus on infants’ ability to represent objects in 

communicative contexts, and argue for a system of object/referent indexing that is bound to a 

specific discourse.We start to empirically explore this idea in Chapter 5. In Chapter 6 we will 

summarize how the present findings contribute to our understanding of the development of 

object representations, and conclude by pointing out some crucial challenges for future research.  

1.1 Spatiotemporal indexing in object based attention 

One of the most influential theses in infant cognitive development is that infants' object 

representations are supported by perceptual mechanisms that encode and track objects in space 

and time. These views were heavily influenced by advances in vision science: in particular the 

visual-index theory  (Pylyshyn, 1989, 2000, 2001) and the object file theory (Kahneman & 

Treisman, & Burkell 1983; Kahneman, Treisman & Gibbs, 1992) provided convincing (cf.  

Alvarez & Cavanagh, 2004, Holcombe & Chen, 2013; Hein & Moore, 2012) support for the so-

called spatiotemporal priority hypothesis in object directed attention. The general claim is that 
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spatiotemporal properties are privileged compared to any other properties in tracking and 

encoding visual objects  (Pylyshyn 1989, Pylyshyn, 2001; Scholl 2001; Flombaum, Scholl, & 

Santos, 2009). 

Building on these theories, an even stronger claim is prevalent in the developmental literature, 

with the crucial difference that spatiotemporal priority is not restricted to perceptual processes 

(e.g. Scholl & Leslie, 1999). More than being a claim about infants' attentional/perceptual 

capacity to track objects, it is often conceptualized as infants' general capacity to represent 

objects in the first year of life. This claim would imply that, for young infants, encoding the 

spatiotemporal characteristics of an object — which roughly translates into tracking its location 

— could be the single sufficient and necessary criterion for creating and maintaining a 

corresponding object representation. Any further information (e.g., visual features or kind 

membership) could only be bound to these representations, thus treating such information as 

fundamentally secondary, dependent on the index-creating spatiotemporal encoding system. 

The way the human visual system can pick out and track objects has been subject to intense 

research in the last decades. An important insight of this research is that some perceptual 

mechanisms maintain object representations entirely independent of the attributed featural or 

conceptual descriptions of the attended objects. Converging evidence comes from studies on 

ambiguous apparent motion  (Ullman, 1979; Nishida & Takeuchi, 1990), visual search  (Burkell 

& Pylyshyn, 1997), subitizing  (Trick & Pylyshyn 1993; 1994), and most extensively on multiple 

object tracking   (Pylyshyn & Storm, 1988; Pylyshyn, 1998, 2001). In the classical versions of 

this paradigm, participants are witnessing multiple visually indistinguishable objects on the 

screen moving on continuous but unpredictable paths. Their task is to track multiple target 

objects in parallel without confusing them with visually indistinguishable distractors. The targets 

are indicated before the movement starts by flashing for a couple of seconds. The general finding 

is that adults can track around four objects in these studies under the usual conditions (cf.  

Franconeri, Alvarez, & Cavanagh, 2013 for an alternative take on the limits). In a particularly 

illuminating version of the paradigm (Pylyshyn, 2004), participants did not only have to track the 
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targets but also had to remember their features. Objects were revealed to have unique visual or 

conceptual properties, but only during target presentation, and not during movement. At the end 

of the trials, participants had to indicate not only which were the targets but also their identity: 

what properties a particular target had before the movement started. While they still succeeded in 

tracking the objects, they crucially failed in retaining the binding between the objects and their 

properties. Furthermore, in another study participants often failed to notice changes in the 

properties of the objects during tracking  (Scholl, Pylysyhyn, & Franconeri, 1999; Bahrami, 

2003). These results were interpreted as evidence that these object representations are organized 

around indexes that take into account the spatiotemporal aspect of the objects, a central claim in 

visual Visual-Index Theory (Pylyshyn, 1989, 2001,2003). In this framework so called visual 

indices can pick out objects from the environment without giving them a description , . This 1 2

process of picking out is caused by the interplay between the actual physical objects in the world 

and the architecture of the indexing system. While conceptual or perceptual descriptions might 

be used to reidentify representations that are created based on these indexes (e.g., after a brief 

occlusion), they do not play a role in establishing and maintaining the representations. That 

function achieved by the index's ability to sustain the picking-out relation with the objects (by 

tracking), even in cases of visual changes  (Bahrami, 2003) and brief occlusions  (Scholl & 

Pylyshyn, 1999). 

Extensions and, to a degree, alternatives to the visual-index theory are the object-file theory  

(Kahneman & Treisman, 1984; Kahneman, et al., 1992) and the object-indexing theory (Leslie, 

Xu, Tremoulet, & Scholl, 1998; Scholl & Leslie, 1999). These aim to characterize spatiotemporal 

object representations as mid-level perception: a theorized special layer in the cognitive 

architecture where spatiotemporal, perceptual and conceptual information can be encoded 

together in so-called object files. Object files are also individuated based on spatiotemporal 

 Importantly the spatiotemporal properties of the objects are not necessarily encoded in the index either, 1

at least not explicitly(Pylyshyn, 2003)

While we will keep using the term “visual index”, there are reasons to believe that these representations 2

are not modality dependent, as auditory or proprioceptive input might be used create the same type of 
representations (Pylyshyn, 1989, 2003).
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indexes, but their architecture would allow for much more complex inferences and information 

encoding compared to the more bottom-up approach the visual-index theory takes  (Scholl & 

Leslie, 1999). This increase in expressive power of the system comes at the cost of having a 

more opaque, and less predictive theory on cognitive architecture (Pylyshyn, 2003). The 

differences between these two types of theories are not relevant for our current purposes, and we 

will just keep invoking to visual-index theory because of its clarity on architecture. These 

theories are indistinguishable in their most important thesis: that the spatiotemporal properties of 

the objects are the sole indexing-relevant properties of object based attention.  

1.2 Spatiotemporal indexing in infancy 

Infants can individuate objects based on spatiotemporal properties, as it was first demonstrated 3

in a habituation paradigm  (Spelke, Kestenbaum, Simons, & Wein, 1995). In its original version, 

a scene was presented with two separate occluders with a visible empty space (a spatial gap) 

between them. In the discontinuous motion condition, objects emerged from behind both 

occluders sequentially. As these objects never crossed the gap in the middle, the possibility of 

only one object being present could be ruled out. First, an object was presented as it moved out 

from behind one occluder, before returning to its starting position. Then, an object left the other 

occluder and returned the same way. In the continuous motion condition, an object emerged 

sequentially from behind both occluders in a manner that was compatible with a single object 

interpretation. First, it left one of the occluders, then it crossed the gap between the two 

occluders and moved behind the other occluder. By measuring infants' looking time to a one 

object and two object presentation where the occluders were not present Spelke et al. (1995) 

found that infants had different numerical expectations in the two scenarios. Infants dishabituated 

to displays of a single object only when the object did not cross the gap; that is, they used the 

spatial trajectory of the objects as an individuating criterion. Later the study was replicated with 

 We define individuation as the capacity to create, maintain and differentiate (object) representations. 3

When discussing empirical results that probe infants’ individuation capacities, we will use the term to 
refer specifically to individuating (representing) two objects simultaneously. Individuating, and by 
extension representing, two objects can be taken as evidence for treating some object properties relevant 
for indexing: those that minimally differentiate the two representations.
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10-months-old infants in a paradigm using familiarization instead of the habituation (Xu and 

Carey, 1996). The capacity to individuate objects based on spatiotemporal cues is not restricted 

to looking behavior, as 10-month-old infants can also pass this kind of task that uses a different 

measure: manual search. If infants are presented with two objects simultaneously and then these 

objects are hidden in a box, they seem to search for exactly two objects (Van de Walle, Carey & 

Prevor, 2000). Further evidence for spatiotemporal individuation is infants' ability to enumerate 

objects in a variety of paradigms where the only available information was spatiotemporal, like 

encountering serial hiding of objects and transformations on the resulting hidden sets  (Wynn, 

1992). In these situations infants  witness a series of object placements and possibly 

replacements, and still succeed in building expectations about the resulting set of objects — if 

the set size does not exceed their working memory limit  (Feigenson & Carey, 2003). 

When infants individuate objects on a spatiotemporal basis, that property in itself is supporting 

the corresponding representation (Scholl & Leslie, 1998). In one study  (Kibbe & Leslie, 2011) 

presented 6-month-old infants with two different looking objects, that were hidden at separate 

locations consecutively. Prior research  (Káldy & Leslie 2003, Káldy & Leslie, 2005) established 

that at this age infants are only able to remember the features of a single object in similar 

context. Their question was whether infants remember the presence of the object when all its 

features are forgotten, that is, whether the spatiotemporally grounded object representation 

prevails when all other information about the object is lost. They compared infants' looking times 

to three possible outcomes: when the second  hidden object was revealed to have the wrong 

features, when this object vanished, and when no transformation on the object occurred. They 

found that while the infants were not sensitive to feature changes, they were surprised when the 

object disappeared. The infants seemingly kept the representation of the object even when the 

bound featural information was lost. This shows that whatever representational format supports 

the encoding of the object in cases like this, spatiotemporal information is sufficient for 

maintaining it. 

  

 6



Multiple authors noticed the analogy between the visual object tracking system and infants' 

ability to represent objects in space, often arguing that the two literatures are tapping onto the 

same cognitive architecture  (Leslie et al., 1998; Scholl & Leslie 1999; Xu, 2005; Carey, 2009; 

Stavans, et al., 2015). This similarity can be mainly cached out in the following ways. There is a 

clear set size limitation for a small array of trackable objects, as at bigger quantities performance 

breaks down  (Feigenson, Carey, & Hauser, 2002; Feigenson & Carey, 2005). Both the infant and 

the adult visual system can track objects through brief periods of occlusion  (Scholl & Pylyshyn, 

1999; Wynn, 1992) even though infants' ability to maintain object representations is longer by as 

much as 10-20 seconds than the ones usually tested in the adult vision literature (it is unclear 

how the visual system would handle these longer occlusions  (Pylyshyn, 2003). But crucially 

both for infants (Cheries, Feigenson, Scholl, & Carey, 2005) and for adults  (Scholl & Feigenson, 

2004), the ability to track objects breaks down if the disappearance of the objects at occlusion is 

not presented as a “physically plausible” asymmetrical and gradual deletion by the occluder but 

as an "implausible shrinking" event, in which the object gradually and symmetrically gets 

smaller. Similarly, the object representation is lost if the object disintegrates (Kaufman, Csibra, 

& Johnson, 2005). To make this point more general, if some specific characteristics of 

objecthood are violated, humans fail to track these entities. In the developmental literature 

objecthood is usually defined as meeting the criteria of so-called ‘Spelke objects’: "bounded, 

coherent, three-dimensional objects that move as a whole... " (Spelke, 1990).  In a variety of 

tasks infants fail to track non-Spelke objects, such as a collection of smaller objects (Chiang & 

Wynn, 2000) or piles of substances, for example, sand  (Huntley-Fenner, Carey & Solimando, 

2002).  

Altogether the parallels between infants' and adults' ability to perceptually track objects are 

persuasive enough to postulate a shared underlying mechanism: one that encodes objects based 

on the available spatiotemporal information using visual indices. However, encoding object 

location might be supported by other mechanisms as well. For example, a belief that "my keys 

are in my car" is arguably not based on the visual tracking of the keys, but references 

spatiotemporal information. For the present purposes, we will discuss spatiotemporal information 
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in relation to visual-index based representations, as it is unclear how other types of location 

information are encoded or used for maintaining object identity in infancy. 

The literature on object-based attention helps to clarify some key notions on object indexing. It 

seems that we can distinguish two kinds of object properties. We define primary properties as 

object properties that are constitutive of the process of object indexing. Based on them infants 

can individuate objects even when not other information contained in the representation (Kibbe 

& Leslie 2011). Secondary properties in contrast are object properties that can be encoded about 

an object, but not being constitutive of the indexing process. In principle, they could be modified 

or forgotten without the loss of the object representation. Some properties, like color, can be used 

for object individuation, but it does not follow that they are also primary properties. For example, 

we might individuate and expect two pens when we see a red pen and a blue pen, but 

representing "red" in isolation might not be sufficient to maintain an object representation; we 

might need an index that this property can be attached to. Thus, the primary/secondary 

distinction allows for individuating objects based on secondary properties, but with the caveat 

that the resulting representation would still have to be organized around a primary property: 

those that are necessary for maintaining object indices. On the other hand, the opposite is not 

true: the loss of all primary properties should always result in the erasure of the the object 

representation, and incongruent transformations on a primary property should always create a 

novel object representation. Thus, encoding at least a single primary property is sufficient and 

necessary to represent an object, but in their absence there is no representation that secondary 

properties could be bound to. This argument does not necessitate that encoded primary properties 

are equivalent to the resulting indices: It is also possible that indices are individuated by  system-

internal symbols, icons or slots without any reference to the information that necessitated their 

existence (Pylyshyn, 2003). The primary/secondary distinction only helps to define extensionally 

what actual object properties are used in the process of indexing, without providing a 

characterization of how these indices are represented. 

1.3 Object representations beyond spatiotemporal indexing 
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Adults can describe objects in ways that do not take into account spatiotemporal information at 

all. The “misty garlands of your daydreams” is not something that can be spatiotemporally 

encoded and it is unclear if a visual index could in principle apply to it. In some fictional worlds 

teleporting is possible — a concept that explicitly disregards spatiotemporal continuity — and 

audiences understand them perfectly. Humans can also describe non-coherent objects like a 

disassembled computer both as as a computer, and as computer pieces depending on which 

aspect they think is relevant. But some fundamental cognitive and linguistic phenomena like 

quantification, counterfactual reasoning and such also requires us to think of real or 

counterfactual objects, often with set sizes much bigger than what is assumed to be in the domain 

of the visual-indexing system. While staying agnostic for now on the exact mechanisms, we can 

minimally say that some thoughts and linguistic expressions pick out and individuate objects 

based on non-spatiotemporal properties. Although the exact role and nature of descriptive 

representations is heavily debated in philosophy and linguistics they are not relevant for the 

simple point that we are trying to make. To accommodate the displacement property of language 

and thinking, we have to represent objects that do not build on spatiotemporal information. These 

likely require an indexing system that is not spatiotemporally defined, but by using some 

descriptive properties of a given object-related thought/expression. 

In the following, we will present evidence that infants early in life can represent objects where 

the primary individuating property of the object is not spatiotemporal in the sense that the 

representations are not based on visual indices. We will also argue that spatiotemporal properties 

are not necessarily primary: they can be forgotten in cases where other properties take primacy. 

Some of these properties (that are mostly referred to as “conceptual” or “kind-based”) have been 

long identified as being used by a distinct system for object individuation in infancy (Xu, 2002, 

2005, 2007), while still maintaining the thesis that their role is secondary compared to 

spatiotemporal representations both architecturally and in ontogenesis (Xu, 2005, 2007; Carey, 

2009).  There is considerable debate surrounding perceptually encoded object features being 

suitable for object individuation in the first year of life (Tremoulet, Leslie, & Hall, 2000; cf. 
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Stavans, Lin, Wu, & Baillargeon, 2015 for a review) but no theory to our knowledge claims it to 

be a primary property. 

1.4 Conceptual object individuation in infancy 

The first piece of research that systematically started to assess infants ability to use non-

spatiotemporal properties for object individuation is the seminal study by (Xu & Carey, 1996). 

This study assessed how infants of different ages can individuate objects in the presence of kind 

relevant cues. In the most important condition infants witnessed two objects that belonged to 

different kinds (e.g., a truck and a duck) emerging one by one from behind a single occluder 

repeatedly. After these events, the occluder fell revealing either both objects or just one of them.  

In this condition only the kind and surface features differentiated the objects but not their 

spatiotemporal properties. The results showed, that while 12-month-old infants expected two 

objects to be present, 10-month-olds did not look longer for a single object outcome. Their 

original conclusion was that conceptual and featural cues are not taken into account until 12 

months of age. 

  

Since this first study, much more evidence was uncovered about the development of conceptual 

object individuation. It turns out that 10-month-olds can already individuate objects in  paradigm 

like Xu and Carey (1996) used, when one of the two presented objects is human-like while the 

other is not (Bonatti, Frot, Zangl & Mehler, 2002). Ten-month-olds also succeed when the 

contrast is between a self-propelled agent and an object that is moved by a hand (Surian & Caldi, 

2010). It is likely that agents/humans have conceptual descriptions that infants use spontaneously 

from an early age  (Carey, 2009). Also, within the domain of non-agentive objects, infants can 

succeed under some circumstances that warrant conceptual descriptions. For example, after an 

ostensive function demonstration, infants individuate artifacts, but only if they are presented to 

have different functions (Futó, Téglás, Csibra, & Gergely, 2010). Similiar evidence was obtained 

with much younger infants as well (Stavans & Baillargeon, 2018). Also 9-month-olds succeed in 

the “standard” Xu & Carey (1996) kind individuation task if the two objects are labelled with 
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two different words during presentation (Xu, 2002), and this effect was also present even when 

the objects and words were unfamiliar. Furthermore, the perceptual features of these unfamiliar 

objects are not relevant. Even if there is a single object that is labelled with different labels at 

different presentations, infants expect two objects (Xu, 2003 (as cited by  Xu, 2005)). It is not 

just labels that have such an effect: if two functions are demonstrated on the same object (at 

different times), infants also expect two objects (Futó et al., 2010). This evidence suggests that in 

the first year of life what is required for conceptual individuation is (1) the communicative 

framing of object presentation (except for agents), and (2) infants’ ability to give individuating 

conceptual or linguistic descriptions to the objects. The role of linguistic information (i.e., 

different labels) is probably to establish a conceptual distinction   between the objects (Xu, 2005, 

2007; Dewar & Xu, 2007).  

  

While these studies show that in communicative situations young infants are able to use 

conceptual descriptions for object individuation, they fail to provide evidence that conceptual 

properties can take primacy, i.e., that object representations can be created or sustained even in 

the absence of a visual index. Strong evidence for such a capacity comes from a manual search 

task by Xu, Cote, & Baker (2005). In this study 12-month-old infants were presented with an 

opaque box without perceptual access to its content. The experimenter only provided verbal cues 

to inform the infants of the content of the box. The infants readily individuated objects — 

searched for two —  if the experimenter used two novel labels in the presentation. They did not 

individuate when the experimenter provided a single label, or provided two different emotional 

expressions. For this performance infants had to treat the two labelled utterances as mutually 

exclusive descriptions of objects, and those descriptions were sufficient for creating different 

object representations. Nevertheless, this result still does not prove that the representations that 

the infants in this study created were not based one spatiotemporally encoded information. To 

rephrase, it is not clear whether they created two visual indices with conceptual/linguistic 

information bound to them, or created two object representations organized around the 

conceptual/linguistic descriptions to which some spatiotemporal information was bound to. 
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1.5 Cases that imply that visual-indices are insufficient 

If we want to show that the general claim of spatiotemporal priority in infancy is not valid, we 

have to find contexts where the spatiotemporal properties of objects are not taken into account 

even when the relevant visual properties are available and infants could use them in principle. 

Going further, in order to provide evidence that conceptual properties are indexed in these cases, 

we also need to show that the objects are still represented by the infants, based on some 

description of these objects. we have identified six types evidence that speaks to these questions. 

1.5.1 Forgetting the location of an object while remembering its features.  

Yoon, Johnson & Csibra (2008) presented 9-month-old infants with objects in either a 

communicative or a noncommunicative context to assess what they remembered about the 

objects after a brief occlusion. In the communicative condition, the protagonist engaged the 

infants in ostensive communication: greeted them and pointed to the single object present at the 

scene. In the non-communicative condition the protagonist did not address the infant and 

performed a reaching action towards the object. After briefly occluding the object, the infants’ 

memory was probed by measuring their looking times and the duration of their first look to three 

different outcomes: feature change (a different looking object at the same location), location 

change (the same object at a different location), and no change. In the non-communicative 

context the infants encoded the spatiotemporal information: they looked longer at the location 

change, compared to the no change outcome, but they did not encode the object otherwise: the 

feature change did not elicit different looking patterns from when there was no change. But in the 

communicative context the infants showed an  opposite pattern: they only remembered the 

features of the object but not its location. This provides evidence for both of the criteria we set up 

above. In the communicative condition the infants did not encode the spatiotemporal 

information, while the evidence was available and even used in the non-communicative 

condition. Furthermore, the object was still represented in that case: the features of the object 

were not lost. This study shows that infants have trouble with simultaneously encoding the same 
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object as a spatiotemporal entity and also conceptually: as the referent of a communicative act 

(Csibra, 2010). 

  

1.5.2 Object identity in preference attribution can be based on kinds.  

The second case study (Spaepen & Spelke, 2007) is a version of the preferential choice paradigm  

(Woodward, 1998) aiming to reveal how kind descriptions interact with infants' ability to encode 

the preferences/goals of an agent. Twelve-month-olds were either habituated to a between-kind 

preference demonstration (an agent choosing a truck over a doll) or a within-kind one (choosing 

between different looking trucks, or between different looking dolls). The looking-time results 

indicated that the infants only encoded between-kind preferences, but not within-kind ones. 

These results suggest that the perceptual features that are bound to visual-indexes are not used to 

encode preferences, if conceptual descriptions are available for the objects (12-month-olds are 

familiar with the relevant object kinds. This is surprising because prior studies show, that already 

three-month-olds can use these perceptual cues (e.g. Luo, 2011, Choi, Mou, & Luo, 2018). More 

importantly, this result held even in conditions where spatiotemporal continuity of the objects 

were not interrupted as they were visible throughout the study. This shows that the way objects 

are mentally described (DOLL vs. DOLL, or DOLL vs. TRUCK) is causally relevant for whether 

preference can be attributed. If the objects had been represented on the basis of visual-indexes as 

primary properties, infants should have noticed the contingency of choosing one kind-member 

over another, and could have attributed a preference to the protagonists. Any argument to the 

contrary would have to account for the fact that infants in fact are able to rely on visual-indexes 

in different versions of the study where the objects are unfamiliar (e.g., Woodward, 1998, Luo, 

2011, Luo & Baillargeon, 2005). To see this, assume that infants always take spatiotemporal 

properties as primary, and consider the standard Woodward (1998) paradigm. It presents objects 

that are unfamiliar to infants, and we have no reason to think that infants can make a conceptual 

distinction between the objects. Thus, in order to realize that the agent is behaving systematically 

(preferring one object), they have to recognize the objects on trial-by-trial basis by re-attaching 

the corresponding visual indices. The explanandum is the following: If across-trial index re-
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application is sufficient for preference attribution in such cases, why does not this happen in the 

otherwise analogous within-kind contrast case? 

  

1.5.3 Spatiotemporal cues might not be necessarily used in agent individuation.  

While there is a lot of early evidence for infants' understanding of agents as self-propelled and 

goal-directed (Gergely, Nádasdy, Csibra, & Bíró, 1995), the conceptual encoding of agents is 

spontaneous and does not require communication. Ten-month-olds are not only able to 

discriminate agents from non-agents, but also individuate entities on the basis of this distinction 

(Bonatti et al., 2002; Surian & Caldi, 2010). We have very little evidence of what primary 

property infants adopt to the represent an agent. The most relevant study is reported by 

(Kuhlmeier, Bloom, & Wynn, 2004). They replicated the original spatiotemporal individuation 

result with objects (Spelke et al., 1995) in 5-month-olds, but found a striking failure of 

individuation in the condition where the objects were replaced by humans. It seems as if humans 

were not expected to be spatiotemporally continuous, as continuity violation did not result in 

human individuation. What might be the explanation? It is possible that 5-month-olds think of 

agents as beings with special powers, as originally argued (Bloom, 2005). Alternatively, what 

makes agents special could be that infants do not treat their spatiotemporal properties as a 

primary, because agents are indexed conceptually. This interpretation also leads to a leaner 

explanation of the findings: the spatiotemporal violation might not have been encoded at all, or it 

did not warrant individuation because the relevant indexing system just did not take it into 

account. On this account further assumptions about the exact nature of infants’ agency concept 

are not required. 

1.5.4 Infants remember objects even when they lose their visual indices. 

One of the most convincing demonstrations that infants use visual-index based representations to 

encode objects comes from the exploration of infants’ working memory capacity (Feigenson, 

Carey, & Hauser, 2002; Feigenson & Carey, 2003). While infants succeed in representing sets of 

1, 2, or 3 objects, they fail with larger arrays in particular ways. In a manual search paradigm, 
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one-year-old infants’ search duration was compared across conditions where they had observed 

different number of objects hidden and retrieved from a box (Feigenson & Carey, 2005). Infants 

successfully discriminated between arrays where the set size was lower than four. They searched 

longer after a single object was retrieved in the 2 vs. 1, 2 vs. 3, and 1 vs. 3 comparisons, where 

items were still present in the box only for the larger array. But they failed in the 4 vs. 1 

condition. If 4 items were hidden, of which a single item was retrieved (thus 3 remained), their 

search behavior did not differ from a condition where initially a single item was hidden and 

retrieved (thus the box was empty). This finding suggests that the upper limit of encoding 

spatiotemporally distinct objects is 3, which strengthens the claim that infants encode objects 

individually as spatiotemporally separate entities. Crucially, further conditions revealed that even 

if the visual-index system fails to encode the objects as individual entities, infants do not 

completely lose their representations. In further experiments reported in the same paper, the 

infants had to choose between two containers in which the experimenter hid different number of 

crackers. Infants successfully chose the larger set in all the comparisons where both sets were 

smaller than 4: 1 vs. 2, 1 vs. 3 and 2 vs. 3, but they failed in the 4 vs. 1 condition, showing that 

spatiotemporal encoding of the objects was impaired. But when they had to choose between a 

container that had 4 crackers and a container that was empty, they succeeded in choosing the 

larger set. This shows that whatever properties they used the encode the objects, losing the 

individual visual indices did not result in complete erasure of their representation. This 

representation furthermore is an object representation in the sense that properties can be bound to 

it (that is infants likely searched for a cracker and not something else). In another condition, the 

infants succeeded in choosing four crackers over a single one if all the individuals in the set of 

four crackers were substantially larger than the single item at the other location. It is clear that 

the representation the infants used here contained information about location: infants chose the 

correct container. But this encoding of the location was most likely not based on visual indices, 

because the failure in the 4 vs. 1 comparison showed that the different objects were not 

represented by individual indices attached to the objects. 
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1.5.5 Infants can create hierarchically structured set representations. 

Infants starting from 7 months of age are able to create larger units of representation than a single 

object, where the existence of each individual object is still encoded (Moher, Tuerk, & 

Feigenson, 2012; Feigenson & Halberda, 2004). These so called “chunks” are created in 

response to a large variety of cues. Amongst others, they can be based on spatiotemporal cues, 

when objects are in close physical proximity (Feigenson & Halberda, 2004), on temporal 

regularities, when objects systematically co-occur at different time points (Kibbe & Feigenson, 

2016), and on perceptual features. In a Xu and Carey (1996) type individuation paradigm Leslie 

and Chen (2007) sequentially presented 11-month-old infants with object pairs instead singular 

objects. These pairs in one of the two conditions were identical (two triangles or two discs), 

while in the other condition mixed (a triangle and disc each). At test, the four objects were 

revealed. Infants in the identical pair condition fixated on the screen for shorter time compared 

the mixed condition, implying that they expected four objects (or two pairs) to be present. Leslie 

and Chen (2007) argued that these objects might be represented using the conceptual description 

PAIR rather than via four distinct visual indices (as infants supposedly only have 3). Framing the 

phenomenon of chunking, as driven by conceptual encoding, is also corroborated by findings 

from older age groups. Evidence from 14 months of age shows that conceptual cues, like shared 

labels or kind membership, are also available for creating these representations (Feigenson & 

Halberda, 2008). In this manual search study, the infants’ search times indicated that even though 

they were unable to remember that four identical objects were in the box, when they could chunk 

these items into two pairs they succeeded. This chunking could be based on prior knowledge of 

known kinds (like a pair of cars, and a pair of cats), or online, where where pairs of objects were 

labelled with a distinct nouns. For the current purposes what is most relevant in these findings is 

that, in order to account for increased memory of individual items, these representations have to 

be organized hierarchically (Feigenson & Halberda, 2004), and the structure of visual indices are 

patently non-hierarchical. The system of representation that encodes chunks therefore not only 

have to create descriptions of sets of objects, but it has to represent the hierarchical relationship 

between chunks and individual objects. 
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1.5.6 Infants perseverative errors in search task are influenced by pragmatic factors.  

A classic example from the literature on infants' search behavior is the phenomenon of the A-not-

B error  (Piaget, 1954). After having repeatedly retrieved an object from a location, young infants 

tend to search at the same place even if they observe the object being hidden at another location. 

While all spatiotemporal evidence is available for infants to make the proper choice, they 

perseverate and keep searching at the incorrect location. This is often explained by appealing to 

inhibition  (Diamond, Cruttenden, Neiderman, 1994) and visuo-motor development (Smith, 

Thelen, Titzer, & Mclin, 1999). But more recent studies show that one of the main driving forces 

behind the error is the communicative context in which the hiding takes place (Topál, Gergely, 

Miklósi, Erdőhegyi, & Csibra, 2008). If the amount of communicative cues are reduced for the 

hiding events, either by changing the behavior of experimenter, or by the infants not seeing the 

experimenter at all, they commit substantially fewer errors. Even without committing to the rich 

interpretation of these results that infants interpreted the demonstrations as "conveying generic 

information," these results minimally show that in a communicative situation infants’ encoding 

of the hiding event changes, and direct spatiotemporal evidence of the location of an object is not 

taken into account the same way as outside of communicative contexts. 

1.6 Possible models of object indexing 

To summarize, there is evidence suggesting that under some conditions infants even before their 

first birthday can represent objects without visual indices. They can represent objects with 

attributed properties even when individual visual indices are lost (Feigenson & Carey, 2005). 

They do not use spatial information for individuating multiple agents (Kuhlmeier et al., 2004). 

They can forget an object’s location while still retaining the representation of its features when it 

is a referent of a communicative act (Yoon et al., 2008). Their ability to attribute preferences 

based on visual features (including spatiotemporal properties) is inhibited when they know that 

the objects belong to the same kind (Spaepen & Spelke, 2007). What possible models can we 

construe of the indexing system in the light of these results? We offer four (non-exhaustive) 

options that seem reasonable to think about (cf. Figure 1.1 for illustration). We already provided 
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arguments against option (a), the idea of infants having a single indexing system that relies solely 

on visual indices to individuate objects. Option (b) is a single indexing mechanism that can 

deploy different types of indices: ones that depend on descriptive, and others that depend 

spatiotemporal properties. In option (c) indexes can be complex and composed of both a 

description and the visual index. Option (d) assumes that there are separate systems responsible 

for descriptive and visual indexing.  
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Figure 1.1 Possible models of indexing an encounter with a cat and a dog that are discussed in 

the text. On this figure visual indices are represented with a set of coordinates, but this is not 

meant to imply that visual indices track objects this way. Similarly, on the figure all indices are 

numbered, which is not a necessary precondition for an implementation either. The first model 

(a) depicts a single system with solely spatiotemporally construed indices with attributed 

conceptual properties. Below (b) a shared system is depicted where different types of indices 

coexist. (c) is a variant of (b) where multiple properties can be represented in complex indices. 

Option (d) proposes that different and incommensurable indices represented by different 

systems. 
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We can discard option (a) based on the above presented  empirical evidence. Infants represent 

objects even when there is no good reason to assume that the individual objects are represented 

via their spatiotemporal properties. Arguments in favor of specific versions of Option (b) are 

frequent in the literature. Infants’ working memory is often argued to be able to index both 

conceptually and visually encoded entities in the same system (Leslie & Chen, 2007). But 

without further architectural clarification we do not see how that system could be viable. The 

main function of an indexing system (irrespective of what it tracks) is to keep track of the 

identity of all represented entities by providing them with a unique identifier. To offer a 

tautology, unique identifiers are unique, and any representation with index 1 cannot be the same 

representation as one with index 2. But if a system can construe a single entity under multiple 

non-comparable indices, the one-to-one correspondence between the tracked entities and the 

indexes does not necessarily hold anymore, and the indexing system loses its power of 

maintaining the identity of the tracked entities. Consider infants’ performance in remembering 

and individuating pairs of objects (let’s call the objects “Xs” ), and assume infants’ conceptual 

description as: PAIR-OF-X (Leslie & Chen, 2007). Why does working memory have a single index 

for the pair and not three: One index for the conceptual description: PAIR-OF-X and two visual-

indices tracking the individual Xs present? There is nothing about being a PAIR-OF-X per se that 

is mutually exclusive with the visual indices that are tracking the same objects. What is needed 

for avoiding multiple indexing is a mapping between what is seen and how it is conceptually 

described: representing the correspondence between the two visual indices that happen to track X 

and X’ and the single conceptual description (PAIR-OF-X). For such mapping to occur, both the 

domain and the co-domain have to be indexed at least during the encoding and recognizing a 

pair, and either object as a member of a pair. But as the relevant study shows (Feigenson & 

Halberda, 2008), conceptual descriptions seem to increase rather than decrease working memory 

capacity. Thus, it seems unlikely that both the domain and co-domain is represented in the same 

system, as that would predict a decrease in capacity because three indices would be required for 

construing or recognizing a chunk.  
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Adult data corroborates the need to disentangle visual and descriptive indexing of items in 

working memory. Holding verbal items (words) in working memory does not inhibit visual 

working memory (Luck & Vogel, 1997), or multiple object tracking (Scholl & Xu, 2001), 

showing that at least some point in ontogenesis indexing of entities in these systems are disjoint. 

Also, recall the result cited earlier that adults fail to track the initial features of objects in a 

multiple object tracking paradigm while still succeeding to track each individual object 

(Pylyshyn, 2004). When adults lose the mappings between the four initially presented features 

and the four visually tracked objects, they do not  assume that there are 8 target objects present 

(four feature indexed, and four location indexed). They are aware that the features that they 

encoded at the beginning of a trial are in a one-to-one mapping relationship with the objects that 

are tracked till the end of the trial. If the representations of the attributed features shared an 

indexing system with tracking, in the lack of proper mapping, 8 indices would be required. The 

most straightforward explanation is to assume that the descriptions of the objects’ initial features 

are indexed separately from the corresponding visual indices, so neither of the two individual 

systems have to retain more than 4 items simultaneously. 

Trying to hold onto a more parsimonious single system solution, one can envision an index 

assignment function that references both spatiotemporal and descriptive properties of an object 

(option (c), Figure 1.1). This system might result in having complex indices, where the identity 

of an individual index is defined by multiple properties. This would elegantly explain why both 

conceptual and spatiotemporal properties can be used for individuation: a new object 

representation would be automatically warranted in differences due to any of the properties that 

are constitutive for indexing. But this model would fall prey either to an under-generation 

problem, similarly to option (a), or to the over-generation problem of option (b). Because, like 

option (a), this system would always individuate based on spatiotemporal information, it is 

unable to explain the previously cited cases where infants fail to do so (but still retain some 

object representation). To account for this data, we might want to allow the system to use non-

complex indices at least some of the time. But this would result in the same problems that option 
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(b) faces. If indices are non-comparable, the main function of identity tracking breaks down, 

resulting in multiple non-exclusive representations for an object under all possible descriptions. 

Contrary to the previously discussed possibilities, option (d) maintains that there is an indexing 

system (or systems) that is distinct from the visual-indexing system. This model is by no means 

novel, as it is implicitly or explicitly present in a variety of accounts without explicating the 

requirements on the architecture of object indexing (Feigenson & Carey, 2005 Feigenson & 

Halberda, 2004; Carey, 2009; Xu, 2005; Stavans et al., 2015). A paradigm case for such an 

alternative system could be one that indexes objects based on some conceptual property. This 

system would allow for identity tracking similarly to option (a), where indices correspond to 

representations of mutually exclusive entities, but this would only be true within a single system. 

That is, while the notion of identity might become unproblematic on the level of a specific 

indexing system, it becomes problematic on the level of the organism. Infants’ behavior in 

variety of tasks might reflect exactly that. With the auxiliary hypothesis that infants prioritize this 

descriptive system over spatiotemporal indexing under some conditions, we could make sense of 

the findings that are challenging for visual indices. Thus, an object or an agent can be recognized 

as itself even after violating spatiotemporal continuity (Yoon et al., 2008; Kuhlmeier et al., 

2004). Preferences can be attributed solely based on conceptual descriptions, while 

spatiotemporal and other perceptual characteristics of the objects can be disregarded (Spaepen & 

Spelke, 2007). This provides a good characterization of how infants remember the existence 

objects (with attributed properties) when the visual-index system is overloaded, and loses 

individual indices (Feigenson & Carey, 2005). Furthermore, these multiple indexing systems 

might provide a characterization of what is hierarchical in chunking. When the relevant concepts 

are available, a hypothesized conceptual indexing system might be able to take entries for 

descriptions of multiple objects, like pair-of-objects, set-of-balls, two-wugs, and the like. While 

these representations might require correspondence to visual indexes in order to get encoded, or 

recognized, they would not take up more than a single index for maintenance in the relevant 

system (Leslie & Chen, 2007, Feigenson & Halberda, 2004). 
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Other than providing a model that is sufficient for explaining the infant data, making the systems 

dealing with object-identity modular (Fodor, 1983; Chomsky, 2018) and in some ways redundant 

may also have theoretical benefits. In a framework like this, one might be able to keep the local 

and encapsulated problem of tracking identity within a system, apart from the possibly global, 

and holistic problem of identity tracking between systems (establishing correspondence between 

indices of different types). Positing multiple indexing systems might give a clue on why identity, 

while in a metaphysical sense can be thought of as the basic relation possible (“Everything is 

identical to itself; nothing is ever identical to anything except itself”), can seemingly cause a lot 

of controversies and even philosophical paradoxes for cognitive systems like humans: The 

coherence of establishing identity applies only within a system, and different indexing systems 

might produce different identity judgements. 

To restate the goals of the project, in the following chapters we are going try to empirically 

assess whether infants employ different mechanisms for indexing objects when descriptive 

encoding is available to them compared to situations where they might use only visual indices to 

maintain object identity. Chapter 2 provides data from the looking time variant of a 

spatiotemporal object individuation paradigm (Xu & Carey, 1996). We replicate the original 

findings that 10-month-old infants are able to use spatiotemporal cues for object individuation. In 

further conditions we find that given we also provide conceptual/linguistic cues for object 

identity, infants fail to use the available spatiotemporal cues. In Chapter 3 we conceptually 

replicate these results using the manual-search object individuation paradigm (Van de Walle, et 

al., 2000). In Chapter 4 we make the case that one descriptive system for object indexing might 

be linked to communicative understanding, invoking the notion of discourse referents from 

natural language semantics (Kamp, 1981; Heim, 1982). Chapter 5 empirically assesses how 

indexing works in the proposed discourse-bound system, and how spatiotemporal information 

modulates it. Chapter 5 summarizes the contributions of the present work, and aims to provide 

some directions on what questions are in dire need of further research. 
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Chapter 2 — Study 1: Individuating objects in a looking time paradigm 

Chapter 1 made two separate claims about the mechanisms that support infants’ object 

representations in the first year of life. In accordance with previous literature, it argued that in 

some cases object representations are supported by visual indices. And contrary to the received 

view, it also argued that in some situations infants’ object representations are supported by 

different indexing system(s). The paradigm example of such system is the one where indices are 

organized around some conceptual/linguistic description of the objects.  

If, indeed, there are two or more independent indexing systems, we expect there to be situations 

in which there are discrepancies between them about the number of indexed entities. For 

example, in some cases there might be a single visual index but two conceptual descriptions 

present; conversely there might be two visual indices but a single conceptual description. 

Findings from Xu and Carey (1996) and similar conceptual individuation studies (Xu, 2002; Futó 

et al., 2010) can be construed as illustrating the former scenario. The latter kind of scenarios, 

however, remain largely unexplored, although they are the crucial test environments to 

differentiate the received spatiotemporal-priority hypothesis from alternative views, where 

conceptual indexing is not parasitic on spatiotemporal encoding. If in such scenarios we find 

infants behaving as if their numerical expectations were not determined by the number of 

visually available objects, this would constitute evidence against the spatiotemporal-priority 

hypothesis. Furthermore, if their numerical expectations are guided by the number of distinct 

conceptual descriptions, that could provide evidence for the existence of an independent system 

of object indexing that relies on these descriptions. 

In the present study we aimed to create such scenarios. In order to provide evidence for visual-

index based encoding, we first attempted to replicate previous results showing that infants can 

distinguish objects based on their spatiotemporal characteristics. Then we intended to test 

whether these expectations can be overridden when non-differentiating conceptual encoding is 
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ascribed to the objects. The purpose of these tests was to establish whether spatiotemporal 

information always serves as a primary property in indexing. Finally, we attempted to show that 

if there is sufficient evidence to create two distinct conceptual representations, infants can use 

this information to succeed in individuating objects. We decided to test 10-month-old infants 

specifically, as at this age there is strong and reliable evidence that they can use both 

spatiotemporal (Spelke et al., 1995; Xu and Carey, 1996) and conceptual cues for object 

individuation (Xu, 2002; Xu et al., 2004). Crucially, at this age there is also evidence that in 

order to use conceptual cues infants need a communicative framing, and without it, they rely 

solely on spatiotemporal evidence (Futó et al., 2010). Thus at this age we can systematically 

manipulate conceptual encoding, by providing or not providing a communicative context. 

To test these ideas we devised an individuation paradigm similar in logic to the discontinuous 

motion condition of (Spelke et al., 1995) and the spatiotemporal condition of (Xu & Carey, 

1996). In these paradigms infants sequentially and repeatedly got visual access to objects that 

were located behind two spatially separated occluders. As the objects never crossed the gap in 

between the two occluders, it was impossible for a single visual index to track both of them (as 

long as we accept the empirically supported assumption that visual-index-based object 

representations are not lost during occlusion). Thus, these scenarios required two visual indices 

and object representations to track both objects. In prior studies, when the occluders were 

removed, infants looked longer when presented with one-object outcomes compared to two-

object outcomes, indicating that indeed they represented multiple objects. Our strategy was to 

first replicate these findings, and then in specific follow-up conditions provide additional cues 

that could serve as input for the second (hypothesized) system of conceptual indexing. In one of 

these conditions, the two objects shared their conceptual descriptions, resulting in a single 

indexed entity for the conceptual system. In the second such condition, we presented two distinct 

linguistic descriptions to induce the creation of multiple conceptual indices. The conceptual cues 

were presented linguistically by labeling the objects during presentation in an ostensive-

referential manner. In a variety studies, infants around 10 months of age were shown to create 
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conceptual contrasts between objects based on the differences in their labels (Xu, 2002; Dewar & 

Xu, 2007, 2009). 

In these experiments we planned to test the following hypotheses:  

(1) Infants expect multiple objects if the available spatiotemporal evidence implies the presence 

of multiple objects and there is no interference from linguistic/conceptual information. 

(2) Infants’ numerical expectations are not based on the number of spatiotemporally available 

objects, when they can encode the objects under conceptual descriptions: 

A. If a single conceptual description is available, they will not expect multiple objects 

irrespective of the visually available information. 

B. If distinct conceptual descriptions are available, they will expect multiple objects 

irrespective of the visually available information. 

2.1 Experiment 1 — Continuous Path 

2.1.1 Method 

To test our three hypothesis we planned to run three conditions. To assess Hypothesis 1 we first 

aimed to conceptually replicate original the spatiotemporal object individuation paradigm 

(spatiotemporal condition). Contingent on infants’ success in this condition, we planned to add 

two other conditions, both of them containing communicative cues: pointing and verbal labeling. 

One of these planned conditions was the same-label condition, where the two objects shared their 

conceptual descriptions (to test Hypothesis 2A). The second was the different-label condition 

where we planned to use distinct labels (to test Hypothesis 2B). 

The approach of data collection collecting data was motivated by the planned Bayesian statistical 

methods in data analysis. Rather than predefining sample size, we continuously collected and 

analyzed the results. We could do this as Bayesian statistics is not prone to type I errors; with the 

disadvantage of not having access to direct significance testing: a standard in the current 

literature. Thus, data collection was concluded when two conditions were met. The analysis 

could sufficiently distinguish between possible statistical hypotheses (any hypothesis had to be at 
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least 10 times more likely than the alternative), and the sample had to be counterbalanced. For 

the analysis we used the fixed effect size variant of the toolkit developed by Csibra, Hernik, 

Mascaro, Tatone, & Lengyel (2006). Based on the log-transformed looking times this analysis 

calculates the log-bayes factor for two mutually exclusive statistical hypotheses. It compares the 

likelihood that infants looking times were longer in response to the incongruent outcome 

compared to the congruent one (H1), with the likelihood that there is no looking time difference 

in response to the two outcomes (H0). 

We decided to create 3d animated stimuli as it allows for more precise stimulus presentation, and 

more controlled presentations in general.Infants succeed in a variety of tasks using animated 

displays that involve goal attribution (Gergely, et al., 1995), social actions (Tatone, Hernik, & 

Csibra, 2019), word learning (Yin and Csibra 2015) and also object individuation (Surian & 

Caldi, 2010). As such, we did not expect that this change in the presentation medium to have an 

effect on our results.   

2.1.1.1 Participants 

A total of 12 participants were successfully tested (mean age = 10 months 14 days; ranging from 

10 months 1 days to 10 months 28 days. An additional 7 infants were excluded from the sample: 

Experimenter errors concerning the live coding occurred 2 times, 3 infants were fussy and did 

not attend to the stimulus presentation, and 3 infants looked for the maximum duration for both 

test trials. We only tested the spatiotemporal condition reported below, as the planned labelling 

conditions were dependent on results obtained here. The study was approved by the Hungarian 

United Ethical Review Committee for Research in Psychology (EPKEB). Caregivers were 

contacted by mail and telephone, and signed informed consent forms before participation. Infants 

received small toys as gifts after the experiment. 
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2.1.1.2 Procedure 

The infants were seated in a closed experimental room on their caregivers’ lap. A hidden camera 

was used for recording them, located below the 40-inch computer screen that was used for 

presentation. The screen was distanced approximately 70 centimeters in front of them. The 

camera fed into a mixer that produced a split-image recording of the infant and the stimuli. The 

experimenter controlled the stimulus presentation, and coded infants’ looking online from 

outside the testing room. Caregivers were instructed not to talk or point, and were either wearing 

blinded sunglasses during the stimulus presentation or were asked to close their eyes.  

2.1.1.3 Stimuli 

The stimuli were computer generated 3d animated displays (Figure 2.1, Exp. 1). The complete 

experiment consisted of 3 trial types: introductory trials, baseline trials, and test trials. All three 

trial types shared the same contextual cues: a floor with a wooden pattern, two spatiotemporally 

separate blue occluders, and a striped background wall. During introductory trials, two objects 

were used: a short pink polka-dotted cylinder in horizontal orientation, and a long vertically 

aligned cylinder on three white legs that supported it. During baseline and test trials, 4 pairs of 

unfamiliar looking objects were used. Two of these pairs were used during baseline, and two 

during test trials (counterbalanced across infants). The objects were identical within pairs but 

differed across pairs in shape and color, while being roughly the same in size. Additionally, a 

green arrow was present in the spatiotemporal condition, and a pointing hand was planned to be 

used in the labeling conditions. Between consecutive trials an abstract attention-grabbing stimuli 

appeared at the center of the screen, and if infants were not attending, an experimenter-controlled 

beeping sound guided them to reorient. 
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Figure 2.1. Stimulus and design of Experiments 1-4. In one of the introductory trials infants 

were presented with the movement patterns of the occluder. In the other introductory trial infants 

witnessed a moving object (not present in Experiment 4). In the 4 baseline trials, one or two 

objects were revealed after the occluders dropped. In the presentation phase of test trials two 

objects were revealed repeatedly. The depicted frames of these phase were preceded by the 

objects moving horizontally in Experiment 1, and vertically in Experiment 2 and 3. In 

Experiment 4, the occluders moved instead of the objects, and in the labeling conditions the 

arrows were replaced by a pointing hand. After repeated presentations both occluders dropped 

revealing the outcome (test phase). 
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2.1.1.3.1 Introductory trials 

The presentation started with the two introductory trials (14 s each), which were shown in 

random order to familiarize infants with the setup and the spatiotemporal characteristics of the 

display. One of them aimed to introduce infants to moving objects by showing them a small 

cylinder traveling back and forth between the two horizontal endpoints of the screen. In this trial, 

no occluder was present. The other introductory trial aimed to familiarize infants with how the 

occluders work in space. The trial started with the large horizontally oriented cylinder placed 

behind the two occluders so that it was visible both in the spatiotemporal gap in between the two 

occluders, and both extending from behind each occluder. The occluders repeatedly dropped 

revealing the whole object and returned to their upright position partially hiding it. Both 

introductory trials were accompanied by attention-grabbing ringing sound effects. 

2.1.1.3.2 Baseline trials 

After the introductory trials, in four baseline trials infants’ were shown one- or two-object 

outcomes. The trial started with the occluders in upright position for 1.5 seconds. Then the 

occluders dropped (1 s) revealing either one or two identical looking objects. The four trials 

followed either a 1,2,2,1 or a 2,1,1,2 order, counterbalanced across infants. Two of the four 

object pairs were used in the baseline trials so that either the (a) and (b) pairs or the (c) and (d) 

pairs were used. Additionally, within participant, we counterbalanced the order of the displayed 

object pair, alternating every trial. The location of the single object in the one object outcomes 

was counterbalanced (left, right; or right, left). After the occluders dropped, the length of the trial 

was contingent on infants’ looking behavior. If infants looked away from the screen for 2 

seconds or longer, or looked for the predefined maximum looking duration (30 s), the trial ended.  

2.1.1.3.3 Test trials 

During the two test trials, we presented visual evidence that there were two objects present, one 

behind each of the two occluders (presentation phase). At the end of these trials, we measured 

 30



infants’ looking times to the one- or two-object outcomes (test phase). Every trial started with the 

occluders in upright position with a single visible object placed laterally (not in the gap). Then a 

green arrow descended from above the screen pointing to the object (object presentation). The 

arrow stayed still before it returned to its starting location above the display (4 s). During this 

time music was played to keep the infants engaged. This object presentation event was included 

as a control for our planned labeling conditions, where we intended to switch the arrow to a 

pointing hand, and the music to verbal labeling. After the disappearance of the arrow, the object 

moved horizontally behind its corresponding occluder (1 s). Then after 2 seconds an identical 

looking object emerged from behind the other occluder (1 s), reaching its final location that 

mirrored that of the first object on the other side of the screen. This object movement event, 

which took 4 seconds in total, was set up in a way that the movement pattern of the two objects 

was consistent with a single object ‘invisibly’ crossing the gap in between the occluders. This set 

of events – object presentation and object movement – was repeated 3 times in total. After the 

third movement event, an extra presentation event followed in order to present both objects 2 

times each, then the object returned behind occlusion (1 s). After a 1.5 seconds delay, both 

occluders dropped, revealing either only one or both of the objects previously seen (test phase). 

For one-object outcomes, the object revealed was always behind the occluder where the last 

object disappeared. Whether or not this location was left or right was counterbalanced between 

infants, just as the trial order (one-object first/ two-object first), and the objects that were used in 

these trials. After the occluders dropped, the length of the trial was contingent on the infants’ 

behavior, and the last frame of the stimuli was presented until the trial ended. If infants looked 

away from the screen for longer than 2 seconds, or looked for the maximum 30 seconds 

according to live coding, the trial was terminated. Infants that looked for the maximum 30 

seconds for all 2 test trials were excluded from the sample. 

2.1.1.4 Coding 

Looking-time data of the test trials were offline coded by the author on a frame-by-frame basis. 

This measurement started from the first frame that the object(s) became visible in the test trials.  
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2.1.2 Results and discussion 

As shown in Figure 2.2, infants looked at the two outcomes for a similar period of time (Mone-obj 

= 9.19 s, SD = 6.42 a; Mtwo-obj = 9.78 s, SD = 5.02 s). The statistical analyses were based on log-

transformed data.We calculated the Bayes factor to probe the likelihood that (H1) infants looked 

longer for the one-object outcome than the two-object outcome versus (H0) that there was no 

difference between the outcomes – given our data. We were using the fixed effect size variant of 

the toolkit developed by Csibra et al. (2006) for analysis, and concluded that there was no 

difference between the two groups (log10BF = -1.10).  This result shows that the looking times of 

the two outcomes were 12.6 times more likely coming from the same distribution, an outcome 

that exceeds the usual interpretative strength of null results. 
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Figure 2.2. Mean duration of looking times in Experiments 1-3 (seconds) in response to one-

object versus two-object outcomes. Error bars represent the standard error of the mean. 
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Experiment 1 failed to replicate the original spatiotemporal individuation finding. The cause of 

this failure cannot be deduced from the results, but we hypothesized that it was due to surface 

characteristics of our experimental stimuli. We used a procedure that was very similar to to the 

original study (Xu & Carey, 1996), but with animated displays. These animations might be 

different from live stimuli in a number of respects. For example, animations do not produce 

motion parallax, a depth cue that even young infants are sensitive to (Condry & Yonas, 2013). 

Thus, proper depth perception might have been harder, possibly resulting in an imperfect 

appreciation of the spatial relations among animation elements. Compared to previous studies, 

object movement might have been more perfectly aligned both in speed and direction: possibly 

increasing the likelihood of the interpretation of the continuous motion of a single object. We 

decided to run Experiment 2 with the goal of changing the stimuli in ways that might make the 

individuation easier for infants, even at the cost of making it less similar to the original 

spatiotemporal individuation studies. 

2.2 Experiment 2 — Discontinuous Path 

Our main goal in designing experiment 2 was to make sure that infants succeed in the 

spatiotemporal individuation task. The most important changes were the following. We changed 

object movement from horizontal to vertical, so that a single continuous object movement 

couldn’t be a viable interpretation anymore. We shortened occlusion times, so those time periods 

where both objects were occluded became substantially shorter. We changed various surface 

characteristics of the stimuli to make the objects more salient. We also collected baseline looking 

times, to assess whether infants have a strong baseline preference for the two objects versus the 

one object outcome. 

2.2.1 Method 

The methods used for experiment 2 were the same as in experiment 1 except for the changes 

discussed below.  
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2.2.1.1 Participants 

In Experiment 2, we stopped data collection at 12 participants (mean age = 10 months 10 days; 

ranging from 10 months and 0 days to 10 months and 25 days). An additional 10 infants were 

excluded from the sample: Four due to fussiness, 3 due to technical failures of the presentation 

screen, 2 due to errors in live coding, and 1 due to parental interference.  

2.2.1.2 Procedure and Stimuli 

While the general procedure and the apparatus stayed the same as in Experiment 1, we made 

substantive changes to the surface features of the stimuli (Figure 2.1, Exp. 2). The target objects, 

the occluders, and the surrounding objects were the same, but we changed the distance and the 

viewing angle of the camera to the events. This way, the viewer had a steeper perspective, as the 

camera was placed higher and closer to the occluders. From this perspective, the back wall was 

no longer visible, and the background consisted only of the textured floor. These changes were 

implemented in order to increase the perceived size and salience of the objects and the occluders. 

The modifications also helped to accommodate the altered motion paths that we used in the test 

trials (discussed below). To make these scenarios simpler, we also introduced small changes to 

the objects in the introductory trials: The small cylinder’s polka dot pattern was changed to a 

simple red texture, while the complex large cylinder was changed to a simple elongated blue 

cuboid. 

2.2.1.2.1 Introductory trials 

The only change we made in the introductory trials was that the occluders were now present in 

both trials; even in the one that familiarized them with the object movement. This way infants 

got direct visual access to an object that moved continuously between the two occluders 

becoming visible in the gap in between them. We hoped that this trial would acquaint infants 

with how object movement should look like in the test trials if there was only a single object 

present. 
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2.2.1.2.2 Baseline trials 

We did not make any structural changes the baseline trials. However, the looking times of the  

infants were not only used for controlling stimulus duration, but also as a dependent measure. 

2.2.1.2.3 Test trials 

We changed the test trials by presenting vertical, instead of horizontal, object motion. This 

change was implemented to help infants appreciate the spatial configuration of the setup and 

make it even easier to discard a continuous motion interpretation of the movement of the objects. 

The test trials started with only the two occluders visible (0.25 s). Then one of the objects 

emerged from behind an occluder, and moved towards the top of the screen, orthogonally to the 

other occluder (1.75 s). After the object stopped, an arrow descended at the corresponding side 

from the top of the screen, oriented sideways pointing at the object (0.25 s). The arrow stayed 

stationary for 3.5 seconds before returning to its’ starting location out of vision. After a 0.25 

seconds period of being stationary, the object returned behind the occluder, using the same 

motion path as before presentation, but in the opposite direction (1.75 s). This presentation was 

repeated four times, alternating sides for every repetition. After the last repetition, both objects 

were occluded for an additional 1 second, after which the occluders fell, and measurement period 

started the same way as in Experiment 1. 

2.2.1.3 Coding 

Looking time data of both the baseline and test trials were offline coded by the author on a 

frame-by-frame basis. 

2.2.2 Results and discussion 

As in Experiment 1, we compared how long infants looked at the two possible outcomes in the 

test trials (Mone-obj = 9.78 s, SD = 4.99 s; Mtwo-obj = 10.78 s, SD = 7.48 s). Again, we calculated 
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the Bayes factor to probe the likelihood that (H1) infants looked longer for the one-object 

outcome than the two-object outcome versus (H0) that there was no difference between the 

outcomes. We found no difference between the two conditions (log10BF = -1.03). 

   

We separately analyzed baseline looking data in a similar fashion. After averaging the two trials 

for each participant, we proceeded with the same analysis (Mone-obj = 9.49 s, SD = 6.06 s; Mtwo-obj 

= 11.11 s, SD = 7.30 s). For the baseline analysis, the statistical hypothesis changed, as in 

accordance with the literature we expected infants to look longer for two objects compared to 

one (e.g., Xu & Carey, 1996; Xu, 2002; Surian & Caldi, 2010). Thus, we calculated how much 

more likely was that (H1) infants looked longer at the two-object outcome compared to (H0) that 

there was no difference. The null-hypothesis again was the more likely hypothesis, although not 

statistically a strong effect (log10BF = -0.52).   

Once more, there were no clear evidence that infants individuated objects based on their different 

locations. We did not find a looking-time increase to the one-object outcome in the test trials 

compared to the baseline either. The repeated failure to find evidence for spatiotemporal object 

individuation, and the fact that there was no baseline difference made us further consider the 

explanations for infants’ performance. Because none of the three analyses conducted so far 

identified a systematic difference of looking times between outcomes, it seemed plausible that 

infants either did not focus on the number of objects present — for example, because they were 

preoccupied with  some other aspect of the presentation —, or that they had trouble with looking 

away from the 40-inch screen used for stimulus presentation. Note that the size of this screen 

was larger than what is usually used for presenting stimuli in looking-time studies. 

2.3 Experiment 3 — Discontinuous Path, Simplified Version 

There were two main goals in designing Experiment 3. We aimed to remove all superfluous 

details of the stimulus presentation of the previous experiments, and to reduce the size of the 
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stimuli by changing the experimental apparatus. Other than the changes mentioned below, every 

detail remained the same as in Experiment 2. 

2.3.1 Method 

2.3.1.1 Participants 

In Experiment 3, we stopped data collection at 8 participants (mean age = 10 months 5 days; 

ranging from 9 months and 18 days to 10 months and 13 days). An additional 4 infants were 

excluded from the sample: 3 due to fussiness, and one due to looking for the maximum duration 

in both test trials. 

2.3.1.2 Procedure 

We changed the location of the experiment. Experiment 3 took place at an experimental room 

separated by a curtain from the experimenter. The presentation screen was smaller, 24-inch 

computer monitor, while the distance of the infant to this screen remained the same (70 cm). We 

reasoned that this change might yield better results, as infants can more easily orient away from 

stimulus presentation in the baseline and test trials.  

2.3.1.3 Stimuli 

We also made changes in the stimulus presented (Figure 2.1, Exp. 3). We removed the 

superfluous details of the stimuli that were intended to make it more interesting but might have 

contributed to infants attending to aspects of the scene that were irrelevant for object 

representation. The scene now lacked the wooden texture of the floor as it was changed to a 

monochrome grey color. The complex test and baseline object pairs were now switched to simple 

geometrical shapes: pairs of brown cubes, red spheres, yellow toruses, and green cones. In the 

introductory trials, a big and a small pink cuboid were present. In the test trials, the music that 

played during object presentations were swapped to various sound effects (different rings, beeps, 

trumpets etc.) that were presented in a randomized order. 
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2.3.1.3.1 Introductory trials 

The introductory trial presenting the occluder movement did not change. The two occluders 

repeatedly fell to reveal the parts of the large horizontally placed cuboid they covered. As in 

Experiment 2, when the occluders were in the upright position, the object was still visible in the 

spatiotemporal gap. Some more substantive changes were introduced to the trial that presented 

object movement. We aimed to emphasize even more the spatiotemporal gap in between the two 

occluders. This was realized with the small cuboid not only moving in a horizontal direction, in 

between the two occluders, but also stopping when visible at the middle of the spatiotemporal 

gap. Here it moved back and forth for a short period of time, providing more information about 

the spatial arrangement of the stimuli. 

2.3.1.3.2 Baseline trials 

The baseline trials were exactly the same as in Experiment 2 except for the changes in the 

surface features of stimuli described above. 

2.3.1.3.3 Test trials 

The test trials were almost the same as in Experiment 2, except for the changes discussed above: 

objects, background, and the auditory cues during presentation phase. We also changed the 

behavior of the arrow pointing to the objects. Now the arrow was present for the full duration of 

the test trials, as it left only after the last object presentation event. The location of the arrow was 

now changed to the top midpoint of the screen. Its movement pattern changed as well: now it 

rotated towards the currently presented object rather than targeting the object by a descending 

motion. Our rationale for this change was to minimize non-relevant motion, and to decrease the 

load on infants’ attention. 
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2.3.2 Results and discussion 

As in the previous experiments, we compared how long infants looked at the two possible 

outcomes in the test trials (Mone-obj = 8.96 s, SD = 8.81 s; Mtwo-obj = 7.91 s, SD= 4.10 s). We 

calculated the Bayes factor contrasting the hypothesis that infants looked longer for the one-

object outcome (compared to the two-object outcome) and the null hypothesis that there was no 

difference between the two outcomes. We concluded that there was no difference between the 

two looking time distributions (log10BF = -1.50).   

We examined the baseline looking data in a similar fashion. Again, after averaging the two trials 

for each participant, we proceeded with the same analysis (Mone-obj = 8.86 s, SD = 3.89 s; Mtwo-obj 

= 9.75 s, SD = 5.56 s). The null-hypothesis was the more likely hypothesis, but not statistically a 

strong effect (log10BF = -0.60).   

The results were in line with our previous experiments. Infants not only failed to individuate 

objects, but also did not look longer at the two- compared to the one-object outcome in the 

baseline either. By this point, we had experimented with changing a large variety of surface 

features of the stimuli (in Experiments 1-3), even if not all possible combinations were tried for 

obvious combinatorial reasons. We thus decided to analyze the possible reasons for infants’ 

repeated failure, rather than hoping that changing some surface-level visual features could 

remedy the problem.  

The most important difference between the experiments reported above and the ones that 

reported success of spatiotemporal object individuation in infancy is the presentation medium. 

Previous studies used real-life presentations (Spelke, et al., 1995; Xu and Carey, 1996) or 

recorded videos (Kuhlmeier et al., 2004, Experiment 1). As infants can indeed succeed with 

video-recorded stimuli, it was not the screen-based presentation in general that caused infants’ 

failure in Experiments 1-3. Also, there is ample evidence that infants at this age can understand 

physical and spatial properties of 3d animated displays when reasoning about agents (e.g., Tatone 
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& Csibra, 2015; Surian & Caldi, 2010) and their goals (Gergely, et al., 1995). These agents were 

often completely lacking physical agency cues, like biological motion or facial features, such as 

eyes.  

There is a distinct possibility that would account for infants’ failures in a way that is consistent 

with Hypothesis 1. In principle, it is possible that infants conceptualized the objects in our 

stimuli as agents. This, in turn, might be responsible for grounding infants’ expectations based on 

conceptual indexing rather than two visual indices. That is, if infants conceptualized the entities 

presented under a the concept AGENT, spatiotemporal cues for object individuation might have 

ceased to function similarly to what we predicted in the same-label condition of the study. The 

validity of this interpretation is backed by prior evidence of 5-month-old infants’ failure to use 

spatiotemporal cues for agent individuation in a similar design (Kuhlmeier et al., 2004). Is it 

possible that infants construed these objects as agents? Although self-propelled motion in 

isolation is usually not taken as sufficient cue for agency (Csibra, 2008), there is not much direct 

evidence on this question using 3d animated stimuli. In our study the movement was not only 

extremely fluid, but also displayed acceleration and deceleration patterns. These gradual 

speeding-up and slowing-down behaviors that might be construed as efficiency in action 

execution. A further possible agency cue that infants might have used is contingent reactivity. In 

different studies, 10-to 12-month-old infants took contingent reactivity both in a second person  

scenario (Johnson, 2003) and in third person one (Tauzin & Gergely, 2019) as cue for agency. In 

our stimuli, the “actions” of the objects were in perfect contingency (disappearance behind one 

occluder predicted appearance behind the other), infants might have construed these events in 

such way. But the most relevant cue for attributing agency, goal-directed action, might be also 

inadvertently present: the movement of the objects was consistent with an interpretation that they 

repeatedly approached the occluders. To sum up, self-propelled motion, goal-directed behavior, 

contingent reactivity are agency cues that were to some degree present in our experiments. While 

these cues to a varying degrees were present in other spatiotemporal object individuation studies 

in which infants did succeed (Xu & Carey, 1996, Spelke et al., 1995), it is possible that our 3d 

animated presentation highlighted these cues more, resulting in this failure.  We will discuss this 
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possibility more detail in the General Discussion. While we have no direct evidence for this 

interpretation, in order to make sure that this possibility is excluded, we made substantial 

changes for Experiment 4. 

2.4 Experiment 4 — No Object Motion  

Experiment 4 aimed to completely remove all presented agency cues of the objects while 

retaining conceptual equivalency with the previous experiments. We achieved this by changing 

the general structure of the test trials. Instead of presenting infants with moving objects, we 

decided to show moving occluders instead. By sequentially and repeatedly revealing what was 

behind each occluder, the same amount of spatiotemporal information was made available about 

the objects. This allowed us to expose infants to the objects for the same duration as in previous 

experiments. As the moving occluders were already present in previous experiments (and in 

some previous spatiotemporal individuation studies) the general complexity of the stimuli did not 

increase.  

2.4.1 Method 

2.4.1.1 Participants 

In Experiment 4 we tested all three planned between-subject conditions. These were tested in the 

following order: spatiotemporal condition, same label condition, different label condition. In the 

spatiotemporal condition, we stopped data collection at 24 participants (mean age = 9 months 28 

days; ranging from 9 months and 14 days to 10 months and 16 days). In the same label condition 

data collection concluded after 20 infants (mean age = 9 months 29 days; ranging from 9 months 

and 16 days to 10 months and 14 days). In the different label condition, we tested 24 participants 

(mean age = 10 months; ranging from 9 months and 14 days to 10 months and 16 days). Other 

than the 68 successfully tested infants, we had to exclude further 40 infants (exclusion rate 37%). 

Out of the 40 excluded cases, 12 were caused by technical issues with the apparatus (4 with the 

recording equipment, and 8 due to script errors), and 9 were caused by errors in the live coding. 
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A further 14 infants were fussy, and 4 were looking for the maximum duration in both test trials. 

A single participant was removed because of parental interference. 

2.4.1.2 Procedure and Stimuli 

We used the same testing booth as in Experiment 3, but the general features of the stimuli were a 

mixture of the previous experiments (Figure 2.1, Exp. 4). We retained the richer surface features 

of stimuli of Experiment 1 and 2: the wooden pattern of the floor, a textured wall, and the more 

complex objects. The arrow presented in the spatiotemporal condition was brown (as in 

Experiment 3), which in the two labelling conditions was swapped for a photograph of a 

downward pointing hand of similar size. The sound stimuli of the spatiotemporal condition were 

the same as in Experiment 3. For the labelling conditions, we used two Hungarian nonwords 

(“bitye” and “tacok”), and created 6 short Hungarian phrases for each (e.g., “Look! A tacok” or 

“Wow! A tacok”). We created all possible 12 phrases, which were then used in a randomized 

order. 

2.4.1.2.1 Introductory trials 

As there was no object movement present in the test trials, we only presented a single 

introductory trial showing the occluders’ movement. The trial started with both occluders in the 

upright position. Then one of the occluders fell (1 s) revealing the empty space behind (1 s). This 

was followed by it returning to its upright position (1s). This sequence was repeated 6 times, 

with alternating occluders. 

2.4.1.2.2 Baseline trials 

The baseline trials remained structurally identical to previous experiments, with the changes 

explained above. 
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2.4.1.2.3 Test trials 

The test trials in all three conditions had the same event structure as in Experiments 1-3. The 

presentation phase started with one of the objects visible, while the other one stayed hidden 

behind the corresponding occluder (4 s). During this time, either the arrow (in the spatiotemporal 

condition) or the hand (in the two labelling conditions) was pointing to the visible object. In the 

spatiotemporal condition, a sound effect was played for this duration, while in the labelling 

conditions one of the 12 phrases was used instead. This was followed by the movement phase: 

the corresponding occluder was raised, hiding the object; simultaneously the arrow/hand 

horizontally moved above the opposite occluder (1 s). Then the other occluder fell revealing the 

other object (1s). These events were repeated on alternating sides for a total of 6 times (3 

presentations for each object). In the spatiotemporal condition, a different sound was played 

during every presentation. In the labelling conditions, a different phrase was played during every 

presentation. In the same label condition, both objects were labelled with the same label, while in 

the different label condition, the two objects were labelled with different labels. This way both 

labelling conditions had the same variance in the carrier phrases, the only difference between the 

labeling conditions was whether infants heard one or two labels. At the end of the 6th 

presentation, the arrow/hand moved to the top midpoint of the screen (1 s). During the next 1 

second two events simultaneously happened: The arrow left the screen, and the occluder was 

raised, so that neither objects was visible anymore. After 2 seconds of delay, the occluders 

simultaneously dropped revealing either the one-object or the two-object outcome. Further 

counterbalancing and coding was exactly as in the previous experiments. 

2.4.2 Results and discussion 

We analyzed looking time differences between the one- versus the two-object outcomes 

separately in all three conditions (Figure 2.3). In all trials, we compared the statistical null-

hypotheses (that there is no looking time difference between the outcomes) with specific 

alternative hypotheses. While in the baseline trials these alternative hypotheses were that infants 
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looked longer during the two-object outcome, it was the opposite in the test trials: that total 

looking time was longer for the one-object trials. 

In the spatiotemporal condition, while we found evidence in the baseline trials that the infants 

did not look longer for the two-object outcome (Mtwo-obj = 11.32 s, SD = 6.19 s) than the one-

object outcome (Mone-obj = 11.93 s, SD = 6.14 s; log10BFbaseline = -2.04), this pattern changed for 

the test trials. There, infants looked longer for the one-object (Mone-obj = 13.77 s, SD = 7.47 s) 

compared to the two-object outcome (Mtwo-obj = 10.91 s, SD = 7.84 s), providing evidence that 

infants individuated the objects (log10BFtest = 1.22). 

In the same label condition, both in the baseline and in test trials we found that the null-

hypotheses were more likely than the corresponding alternative hypotheses (log10BFbaseline = 

-1.36, log10BFtest = -3.18). Although there was a small numerical difference both in the baseline 

(Mone-obj = 11.64 s, SD = 5.58 s; Mtwo-obj = 13.05 s, SD = 6.34 s) and in the test trial (Mone-obj = 

13.32 s, SD = 10.16 s; Mtwo-obj = 13.16 s, SD = 7.43 s) we interpret the results as evidence that 

infants did not individuate the objects. 

The results of the different label condition were quite similar to the ones acquired in the same 

label condition. The null-hypotheses were more likely in both baseline and test (log10BFbaseline = 

-1.84, log10BFtest = -1.36). In both cases, infants numerically looked longer for the one-object 

displays. The mean looking times in the baseline were Mone-obj = 12.49 seconds (SD = 7.75 s) and 

Mtwo-obj = 12.36 seconds (SD = 6.54 s), while in the test they were Mone-obj = 12.71 seconds (SD = 

10.45 s) and Mtwo-obj = 11.79 seconds (SD = 9.47 s). As in the same label condition, the evidence 

points toward infants failing to individuate objects. 
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Figure 2.3. Mean duration of looking in the different conditions of Experiment 4. Error bars 

represent standard error of the mean. 
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Experiment 4 can be considered a partial success. First, infants (finally) succeeded in the purely 

spatiotemporal condition. This shows that, even with animated displays, infants can track and 

remember multiple objects, with their location as their sole differentiator (Hypothesis 1). On the 

other hand, infants failed to individuate both in the same label condition and in the different label 

condition. The failure in the same label condition provided evidence for Hypothesis 2A while the 

different label condition speaks against Hypothesis 2B. The latter result is clearly surprising in 

light of the fact that infants had the opportunity to use either information source alone or together 

to individuate objects. This raises the question whether our labelling conditions were adequate, 

and whether infants conceptualized the objects in the first place. If they did not, it would explain 

a failure in a study where only conceptual individuation cues were present. Notably, this study 

also presented redundant spatiotemporal cues. If infants did not conceptualize the objects, they 

could have simply individuated them based on location information, just as they did in the 

spatiotemporal condition. On the other hand, if infants successfully conceptualized the objects, 

what could be the reason for their failure in the different label condition?  

A possible explanation is to assume that the infants had no trouble using labelling events to 

conceptualize the objects, but they failed to build expectations about the contextual presence of 

these entities. For example, if infants interpreted the labelling conditions as a “word learning 

game,” the context might not have warranted the evaluation of the immediate presence or 

absence of the referents. If the physical presence of the referent of labelling is construed not to be 

relevant in the context of the presentation, infants might have inhibited drawing valid but local 

inferences about the “here and now”. This hypothesis is indirectly testable. If in such a context 

infants actually learn the labels, it might imply that the failure of individuation was not due to 

their lack of conceptualization, but rather to the failure to build expectations about the presence 

of particular objects. In other words, object conceptualization in some contexts might not only 

hinder spatiotemporal individuation of objects, but individuation as particulars in general. 
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2.5 General discussion 

In multiple experiments we examined infants’ capacity to individuate objects both 

spatiotemporally and conceptually. Our main goal was to establish whether (1) spatiotemporal 

properties always take priority in object individuation, and whether (2) conceptual/linguistic 

information can override expectations based on spatiotemporal cues. With the data gathered in 

the current study, we can provide a strong negative answer to (1) though we were unable to find 

definitive support for (2). This conclusion is partially consistent with the architectural 

stipulations of object indexing that I argued for in Chapter 1. However, the pattern of the 

obtained results raises a number of questions.  

Why is it the case that with a seemingly minor shift to 3d generated animations, previously 

reported object individuation effects (e.g., Xu & Carey, 1996) did not self-evidently carry over? 

Out of the four experiments where we expected infants to individuate objects based on 

spatiotemporal cues, they only succeeded once. After the failed Experiment 1, we tried multiple 

manipulations both in our stimuli and in our procedure to increase infants’ performance in 

Experiments 2 and 3, without success. As these surface feature level changes did not yield better 

results, we hypothesized that infants might be more prone to attributing agency when using 

animated medium. This agency attribution might cause difficulties, as individuating agents using 

spatiotemporal cues seem to be harder than with objects (Kuhlmeier et al., 2004). When all 

agency cues were removed – as the objects were stationary – infants succeeded (Experiment 4, 

spatiotemporal condition). Although we cannot take this as direct evidence that infants’ previous 

failures were due to the attribution of agency, at least we know that it is possible for infants to 

rely on spatiotemporal cues for object individuation when presented with animated displays. 

Thus, Experiment 4 provided evidence in favor of Hypothesis 1. However, it is  important to 

consider the possibility that this success is not a reliable finding, given the failures that preceded 

it. Further, more focused research might be required to understand the interaction of animated 

displays and spatial cognition. 
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With relation to Hypothesis 2A, we found supporting evidence, as in the same label condition of 

Experiment 4, infants’ individuation performance plummeted. When the two objects were target 

of referential communication and labelled with the same label, infants seemingly did not expect 

multiple objects to be present – regardless of the spatiotemporal cues available to them. This 

implies that the linguistic/conceptual descriptions of the object can interfere with a visual-index 

based encoding. But in order to show that infants in this condition actually used a different 

indexing-system, one that can use labels/conceptual descriptions to establish object identity, we 

need further evidence. When we directly tested this question in the different label condition, 

infants failed, providing evidence against Hypothesis 2B. This is a striking failure given that this 

condition contained both spatiotemporal and conceptual cues that provided evidence for the 

presence of two objects. When trying to interpret these results, we encounter a paradox. If our 

labelling manipulations succeeded in eliciting conceptual object encoding, why did the infants 

fail in the different label condition? If the labeling manipulation did not succeed, why did the 

infants fail to use the available spatiotemporal evidence to individuate the objects? 

To resolve the paradox, one possible approach is to question the result of the spatiotemporal 

condition of Experiment 4. Although we obtained results that indicated that infants succeeded in 

spatiotemporal individuation, we cannot exclude the possibility that the results we obtained were 

due to chance (the odds are ~17:1). If that were the case, we would have a consistent set of null-

results, which would paint a completely different picture. If infants did not individuate in any of 

our experiments, then either there was still some specific flaw in our stimuli, or possibly infants 

are not sensitive to individuation cues when presented with animated displays. There is no theory 

at the present moment that would explain why animated displays could be different than live 

presentations or video stimuli. Furthermore, as we cited before, there is a already large literature 

of looking time studies that successfully used animated presentations. These studies sometimes 

involved scenarios that required object individuation, or at least the maintenance of object 

identity. For example in a study by (Hernik & Southgate, 2012), 9-month-old infants were 

familiarized to repeated presentations of an agent approaching the single object in the scene. In 

the test trials, the agents had two potential target objects to approach. Infants looked longer when 
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the approach was directed towards the novel object, showing that they maintained the identity of 

the original target object and differentiated it from the novel one. 

If infants have the capacity to individuate objects but can selectively refrain from using this 

ability depending on presentation medium, it would implicate that either the process of 

individuation is not automatic, or at least that it does not necessarily result in measurable 

expectations. Thus, the specific predictions that infants make during the presentation of animated 

stimuli might be based on context sensitive inferential processes rather than on the automatic and 

encapsulated processes of indexing objects. In this sense, it could be speculated that infants treat 

animated displays more like an act of communication rather than an actual real-life scenario. 

Even if we disregard this auxiliary hypothesis about animated displays, the results from 

Experiment 4 raise the possibility that infants’ expectations were set up within a broader 

inferential scheme than just the processes of object-indexing, because they disregarded both 

conceptual/linguistic and spatiotemporal cues. One such possibility is that the infants understood 

the labelling conditions as intending to teach them new words. More generally, any interpretation 

where the referent of the communication is not bound by either the location of the object, or by 

the time it is observed could result in cessation of local expectations. We will return to this 

proposal in Chapter 4. But irrespective of this line of thought, previous studies measuring 

conceptual individuation did work with similar metrics to ours (e.g., Xu, 2002). Thus, it cannot 

be the case that infants would always fail to build expectations in the “here and now” upon 

encountering linguistic/conceptual cues. 

The results of the current study challenged a mainstream assumption about the relationship 

between spatiotemporal and conceptual object individuation. This assumption is that, for young 

infants, objects are always tracked via visual indices. The individuation cues are generally 

thought of as disjunctive, where either of them in isolation, or both of them in conjunction, could 

suffice to establish representations of multiple objects. In Chapter 1, we abandoned the 

assumption that there would be a single indexing system, and argued that when conceptual cues 
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are available, indexing these alone provides the input for identity judgements. This proposal is 

still consistent with idea that both cues in isolation could be used for object individuation, but 

predicts specific failures in cases like the same-label condition, where there conceptual 

information underdetermines the number of objects that are actually present. But the results from 

the different label condition of Experiment 4 raise the possibility that the integration of these 

different information sources is even more impaired at 10 months of age than we assumed. 

Maybe object individuation completely breaks down in cases where both cues are simultaneously 

present, even if they both provide an identity contrast (evidence for two objects). This 

counterintuitive proposal might be tenable, as in prior research spatiotemporal and conceptual 

individuation were never used in conjunction, at least not at this age. This possibility will be 

discussed in more detail in the general discussion of Chapter 3. 

In sum, individuating objects is not straightforward for 10-month-old infants when presented 

with animated displays of self-propelled objects. After removing such agentive features, infants 

succeeded in using spatiotemporal information for object individuation. In further conditions, 

labeling was shown to interfere with this process, but not the way we predicted. Independent of 

the specific conceptual information presented, infants failed to build expectations that multiple 

objects were present. It is an open question whether 10-month-old infants can integrate 

conceptual and spatiotemporal individuation cues at all. In addition, these findings raise the 

possibility that infants treat animated presentations in a more general explanatory and inferential 

framework, like communication. 
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Chapter 3 — Study 2: Individuating objects in the manual-search paradigm 

3.1.Lessons learnt from Study 1 

In Chapter 2, we set out to systematically assess how 10-month-old infants integrate 

spatiotemporal and conceptual identity cues for object individuation. We found that even in a 

scenario where infants could succeed based on spatiotemporal cues, their performance 

plummeted when conceptual cues (i.e., labels) were added. While we predicted exactly this in the 

same label condition, where the conceptual/linguistic information did not distinguish between the 

two objects, this was highly unexpected in the different label condition, where objects were at 

different locations, and were also labelled with different nouns. Interpreting this result made us 

question infants’ ability to use spatiotemporal and conceptual information simultaneously in 

object individuation. In particular, we speculated that if both cues are simultaneously present and 

both independently provide identity contrasts (evidence for two objects), 10-month-old infants 

fail to integrate the available information, which could result in a lack of numerical expectations 

altogether. There are a variety of methodological and theoretical issues that we need to address in 

order to take this interpretation of Study 1 seriously: (1) failed replication attempts raise 

questions about the validity of the findings, (2) that study might not have presented the strongest 

possible cues for spatiotemporal object individuation, (3) the violation-of-expecaction paradigm 

may be unable to reveal online processing, and (4) looking time measures cannot differentiate 

between a lack of expectation and positive expectations that are (not) violated to the same degree 

across different outcomes.  Let us consider each of these in more detail. 

(1) It is important to take into account the fact that Study 1 failed to conceptually replicate the 

spatiotemporal object individuation findings 3 times before we succeeded. Furthermore, we 

obtained only one positive result as in no other condition did we find looking time differences to 

the one- versus two-object outcomes. A parsimonious explanation of the results is to disregard 
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infants’ success as due to pure chance, and argue instead that infants failed across the board. In 

this case, further assumptions about the integration of different types of cues would not be 

needed. This explanation would still need to be supplemented by a hypothesis on why infants 

failed in 4 experiments (6 conditions in total) to use the available spatiotemporal information for 

building expectations about the number objects present. One possibility, already mentioned in 

Chapter 2, makes reference to issues introduced by the presentation medium of 3d animated 

displays. 

(2) We also have to consider the strength of the spatiotemporal evidence that we provided to the 

infants. While infants were presented with two spatiotemporally separate occluders, each with a 

corresponding object behind it, this still cannot be taken as the strongest possible spatiotemporal 

evidence for the presence of two objects, which is when both are visually available 

simultaneously. From the viewpoint of the visual-indexing theory, there is no principled reason 

why this should make a difference. At the same time, our repeated failed replications make an 

empirical case for providing infants with the best chance of success using spatiotemporal 

evidence. 

(3) A further concern is related to the general logic of the Violation of Expectation (VoE) 

paradigm. Instead of forcing infants to make online inferences about an event, this methodology 

allows them to make a post-hoc decision on whether the revealed outcome fits well with 

information that preceded it. A more direct measure of how infants represent a scene during 

occlusion would be beneficial. While the distinction between online vs. post-hoc processing is 

generally unimportant, it might be crucial in cases where redundant cognitive systems (like 

multiple indexing systems tracking object identity) can point to different outcomes. Suppose that, 

as we hypothesize, there are two or more independent indexing systems that can track the 

number of objects in a scene. In cases where the systems encode different number of objects, 

when an outcome is revealed in a VoE paradigm, it is unclear how the information provided by 

these different systems contribute to post-hoc inferencing. For example, in our study, even if the 

infant had expectations on the basis of both systems, any outcome that was encoded by either 
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system could simply require less processing to accommodate, which could result in the lack of 

measurable looking time difference in response to the two outcomes. 

(4) There is another issue related to interpreting infants’ looking behavior in a VoE paradigm. 

When discussing the results in Chapter 2, we raised the possibility that infants had a radically 

different contextual understanding in the labeling conditions compared to the spatiotemporal 

condition. Specifically, infants may have understood the labeling events as a kind of teaching 

scenario, where making predictions about the local presence or absence of the presented objects 

is not necessary. Given the passive nature of looking time measures in VoE, we cannot tell apart 

the absence of any prediction from a set of predictions that the two outcomes satisfy to the same 

degree. Thus, from the results we obtained, it is unclear whether infants expected anything to be 

present behind the occluders. A solution to this problem is to change this passive measure to one 

that requires infants to actively engage with the objects based on what they represent. 

3.1.2 The design of Study 2 

In this chapter, we aimed to design a study which is conceptually equivalent to the study 

presented in Chapter 2, but is not fallible to the issues raised above. We used the manual search 

object individuation paradigm developed by Van de Walle et al. (2000). This paradigm has the 

following advantages. First, by carrying out a conceptually equivalent study that does not use the 

same presentation medium, we can better assess the validity of the findings in Chapter 2, 

addressing (1). In this paradigm, we will present the objects simultaneously, thus giving the 

infant the best shot at succeeding using spatiotemporal cues (2). By moving away from a VoE 

paradigm, we can make sure that infants’ behavior does not just reflect post-hoc processing when 

presented with an outcome (3). Finally, because manual search is an active and intentional 

behavior, we are more justified in drawing a link from the dependent measure to the infants 

object representations (4). This paradigm is also optimal as it is considered a robust and reliable 

way to test infants' representations (Xu, 2005, 2007; Xu and Baker, 2005). 
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We conceptually recreated the conditions from Experiment 4 of Study 1. We had three separate 

experiments: one with only spatiotemporal individuation cues, and two further ones that involved 

labeling events. One of the labeling experiments involved a single label, while the other involved 

two separate labels. Given the issues presented above, our core hypotheses from Chapter 2 

remained unchanged. 

(1) Infants expect multiple objects if the available spatiotemporal evidence implies the presence 

of multiple objects and there is no interference from linguistic/conceptual information. 

(2) Infants’ numerical expectations are not based on the number of spatiotemporally available 

objects, when they can encode the objects under conceptual descriptions: 

A. If a single conceptual description is available they will not expect multiple objects 

irrespective of the visually available information 

B. If distinct conceptual descriptions are available they will expect multiple objects 

irrespective of the visually available information 

In the manual search paradigm, we make the further assumption that when infants expect an 

object to be present, they are going to search for it given the opportunity. This should result in 

longer search durations and/or higher frequency of searches compared to situations where no 

object is represented. 

 3.2 Experiment 1 — Spatiotemporal object individuation 

In this experiment, we aimed to show that infants are able to use spatiotemporal cues to 

individuate objects, trying to replicate  (Van de Walle et al., 2000). If infants see two 

spatiotemporally separate objects getting hidden in box, their behavior should reflect that they 

expect (exactly) two objects in the box. We used two objects that looked the same to make sure 

individuation would be based on a spatiotemporal basis. 
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3.2.1 Methods 

3.2.1.1 Participants 

Twenty-four infants participated in the study (range = 9 months 16 days to 10 months, 15 days; 

mean age 10 months 5 days). Infants were contacted after they were randomly selected from the 

CEU Cognitive Development Centre's pool of participants. Most families were contacted via a 

letter, others were recruited through online advertisements. An additional 21 infants were 

excluded for various reasons: 12 for passivity (see Inclusion criteria below), 4 for fussiness, 4 for 

experimenter error, and 1 for finding the hidden compartment. More details on the exclusion 

criteria are available in the Coding section. 

3.2.1.2 Materials and Apparatus 

Infants were seated at the shorter side of a table (120x60 cm), in a brightly lit testing room on the 

lap of their caregiver. The experimenter was sitting orthogonal to infant, to their left. The 

dimensions of the search-box were 32 cm (length) X 25 cm (width) X and 12.5 cm (height). The 

box was made out of 0.3 cm thick brown cardboard. On the front, it had a 10-cm high and 12 cm 

wide opening, covered with a blue textile curtain attached to the top. A hidden compartment was 

15 cm deep in the box. Four objects were used that are unfamiliar to infants. They differed in 

shape and color (Figure 3.1). At the end of the table opposite to the infants an occluder hid all the 

toys not used in the current trial. Three ceiling-mounted cameras recorded the experimental 

sessions. One camera recorded the whole event, and other two recorded the box and the reaching 

events from different angles (Figure 3.2). 
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Figure 3.1. Objects used in Study 2. (A) Green oval-shaped object, used in the introductory trial. 

(B) Pink whistle, with a soft textile attachment, used in training trials. (C) Green wooden object 

with black dots on it, used in test trials. (D) Red plastic object with a blue attachment used in test 

trials. 
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Figure 3.2. Schematic representation of the setup. The infant (I) was sitting on their caregiver’s 

lap. The experimenter (E) was sitting to their left. The toys (T) on the table were hidden behind 

the opaque occluder. The box (B) was moved closer to infants during the search phase. Three 

ceiling mounted cameras (C) recorded the sessions. 
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3.2.1.3 Procedure 

The experiment consisted of an introductory trial, two training trials, and four test trials in a fixed 

order. The introductory trial always involved a single object which was followed by the one-

object and two-object training trials, which were presented in a counterbalanced order. Finally, 

infants were presented with 4 test trials (2 one-object and 2 two-object trials), that were 

presented in either in a 1,2,2,1 or in a 2,1,1,2 order counterbalanced across the participants. 

3.2.1.3.1 Introductory trial. The purpose of this trial was to make the infant comfortable with the 

testing environment, and help them understand the context of our task (a search game). We tried 

to achieve this with less scripted communication on the part of the experimenter compared to 

later trials. After the parent and the infant were seated, the experimenter showed the infant the 

object (Figure 3.1 A), then hid it in the box. The object was hidden only partially, so parts of it 

still protruded from the box. Initially the object was out of reach, but when it was pushed 

towards the infants, they had 10 seconds to retrieve the object. During this time the infants were 

verbally encouraged to search in the box, with the experimenter having complete freedom in her 

communication. If infants found the object, they were praised. If they did not search, the 

experimenter gave them the object. Whether or not they retrieved the object by themselves, they 

had 5 seconds to explore it before the experimenter took it away, while saying  "thank you”. 

3.2.1.3.2 Training trials. The one-object training trial involved a single object, and the two-

object training trial involved two separate objects, taken from behind the occluder. The object(s) 

used in training trials were always the same (Figure 3.1B). In the two-object trial the 

experimenter serially placed them on the top of the box (at the opposite corners of the closest 

edge to the infant) in a way that both of them were visible simultaneously. She paused for 4 

seconds after both placements. Then she collected both objects into one hand and placed the 

objects into the box. Both objects were placed into the accessible compartment. After placing the 

objects, the experimenter pushed the box towards the infants, saying  "now it is your turn ". 

Infants had 10 seconds to find an object, before the experimenter intervened and retrieved it 
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instead. Then during the next 5 seconds infants could explore the object before it was taken away 

by the experimenter thanking them in the process. These events were repeated with the same 

timing for the second object. After the second object was taken away, the experimenter pulled the 

box away from the infants. The one-object training trials the experimenter first placed the single 

object to the location that corresponded to the first object location in the two-object trial. Then 

she moved the object to the other location. This way, the timing and number of actions were kept 

constant across training trials. For the first of the two training trials (irrespective of the order of 

the trials) the object(s) were placed similarly to the introductory trial (partly protruding) so 

infants had continuous visual access to them. 

3.2.1.3.3 Test trials. The four test trials either followed a 1,2,2,1 or a 2,1,1,2 order regarding the 

number of hidden objects. In two-objects trials, the objects were identical. Between test trials, the 

type of object (Figure 3.1 C and D) varied in either an a C,D,C,D or a D,C,D,C order, 

counterbalanced between infants. This way both test objects were used in both one-object and 

two-object trials for each infant. In all test trials the experimenter first grabbed the object(s) from 

a location out of sight. Then in the presentation phase she sequentially placed the objects on the 

top of the opposite sides of the box, pausing for 4 seconds after both placements if it was a two-

object trial. In one-object trials the presentation phase was the same, the only difference being 

that the object was placed serially to the opposite ends of the top of the box. 

  

During the search phases, the infants had 10 seconds to search in the box for each opportunity. 

This phase started either at the moment the box was pushed in front of them, or from the moment 

when the experimenter took the previous toy away and grabbed the box again. If the infant’s 

hand was in the box at the end of this 10-second period, they were allowed to finish their current 

search. During the search phases the experimenter was looking at the box, while keeping it stable 

with both hands. If the infants failed to retrieve an object (either because they failed to find it or 

because the object was in the hidden compartment), the experimenter gave it to them, let them 

explore it for 5 seconds before she took it away. 
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During the two-object trials, one of the objects was hidden in the secret compartment so infants 

could not find it. In these trials, we presented infants with three search phases. First they 

searched for a ‘real’ first object; an object they could find. Then they searched for a ‘real’ second 

object, which they could not find as it was in a hidden compartment. Finally, they searched a 

third time for a ‘phantom’ third object after both objects had been removed. In the one-object 

trials, infants were only presented with only two search phases. They searched for the real first 

object and then for a phantom second object, which of course they could not find. 

3.2.1.4 Inclusion criteria 

Altogether there were 10 search opportunities in the test trials, and in six of these infants 

normatively had a good reason to search. The criteria for inclusion was that infants had to search 

in the box at least in 3 trials, no matter which trials these were. This criterion was set up to allow 

us to exclude completely passive infants without a normative commitment on the trials where 

infants should search. This decision turned out to be responsible for a high exclusion rate 

compared to the original study, as we had to exclude 12 infants for this type of passivity. 

3.2.1.5 Coding and dependent measures 

The coding of the infants’ behavior during the search phases was performed offline on a frame-

by-frame basis. Measurements were taken once in the one-object trials (search phase for a 

phantom second object) and twice in the two-object trials (search phases for a real-but-hidden 

second object and for a phantom third object). Just as in the original study by Van de Walle et al. 

(2000), we had two dependent measures: total search duration, and number of reaches into the 

box. Total search duration was defined as the cumulative duration of all individual searches. The 

number of reaches measure represents the sum of individual reaching acts, which were separated 

by periods of not searching. A behavior counted as a searching if all fingers on least one hand of 

the infant completely disappeared within the box. No quantitative or qualitative judgements were 

made beyond qualifying such an action as a “search”. The two measures were correlated, and a 

strong positive relationship was found between them (Spearman's r = .75), which was higher 
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than the moderate relationship reported in the original study (Van de Walle et al., 2000). This 

correlation is to be expected, as the two measures are not independent. 

  

3.2.2 Results 

3.2.2.1 Total Search Duration 

To examine whether infants treated the three test scenarios differently, we conducted a one-way 

repeated-measures ANOVA with test trial type as the independent variable (phantom second, real 

second, phantom third) and total search duration in milliseconds as the dependent measure 

(Figure 3.3). We found a significant interaction between trial type (F(2,46) = 8.619, p < .001, η2 

= .422). To understand the interaction, a Helmert contrast was computed, as we predicted infants 

to search more for the real second object when compared to the other two conditions. This 

replicated the original finding since the infants searched more for the real second object than the 

average of the other two test trials (F(1,23) = 15.080, p < .001, η2 =.396). Post-hoc paired t-tests 

revealed that infants reached significantly longer for the real second object (M = 4323, SD = 

2678) than the phantom second object (M = 2707, SD = 1917), t(23) = 2.914, p =.008 or 

phantom third object (M = 2295, SD = 2385) conditions; t(23) = 4.35, p < .001). Nonparametric 

analyses corroborated these results: the infants searched more for the real second object than the 

phantom second (Wilcoxon Z = 2.555; p = .011) or the phantom third (Wilcoxon Z = 3.133; p = 

.002). 

3.2.2.2 Number of reaches 

The results of this measure closely matched the ones obtained via the search duration measure 

(Figure 3.4). We found a significant interaction of trial type in the repeated measures ANOVA 

(F(2,46) = 7.313, p < .002, η2 = .241). According to the planned t-tests, this effect was driven by 

significantly more searches for the real second object (M = 1.20, SD = 0.65), than the phantom 

third (M = 0.68, SD = 0.56), t(23) = 3.734, p < .001, and a tendency to search more for the real 

second object than the phantom second one (M = 0.95, SD = 0.56), t(23) = 1.771, p = .090. The 

 62



Helmert contrast was again utilized for replicating the original results. The analysis revealed that 

the infants searched on more occasions for the real second than on the average of the other two 

(F(1,23) = 9.51, p < .005, η2 = .396). The nonparametric comparisons indicated significantly 

more searches for the real second object compared to the phantom third (Wilcoxon Z = -2.998; p 

= .003) but failed to show statistical significance when compared to the phantom second 

(Wilcoxon Z = -1.639; p = .101). 

  

3.2.3 Discussion 

Our study successfully replicated the original finding. Ten-month-old infants were capable of 

individuating objects based on spatiotemporal cues. This was evident from the fact that they 

searched more for a second object when two objects were hidden compared to the condition 

where only one was hidden. The conclusion is also supported by the fact that this search behavior 

dropped also during the search for the phantom third object, implying that infants represented 

exactly two objects present in the box. 
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Figure 3.3. Average duration of search (ms) as a function of the trial for each of the three 

experiments of Study 2. In Experiment 1 the objects were not labeled. In Experiment 2 objects 

were labelled with the same label. In Experiment 3, when two objects were hidden, the objects 

were labeled with different labels. We found a significant main effect in Experiment 1, as infants 

searched longer for the real second object. Error bars represent standard error. 
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Figure 3.4. Average number of reaches (ms) in a single trial for the three experiments of Study 2. 

In Experiment 1 the objects were not labeled. In Experiment 2 objects were labelled with the 

same label. In Experiment 3, when two objects were hidden, the objects were labeled with 

different labels. We found a significant main effect in Experiment 1, as infants searched longer 

for the real second object. Error bars represent standard error. 
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3.3 Experiment 2 — Spatiotemporal evidence with the same label 

Experiment 2 aimed to show that the spatiotemporal encoding of the objects is not always 

privileged: if contradictory conceptual information is available, infants’ performance can be 

disrupted. Our implementation is based on a labelling manipulation  (Xu, 2002). In every test 

trial, the objects were labelled during presentation. Most importantly, in the two-object test trials 

both objects were labelled with the same label, implying that the objects had the same 

description, thus not providing evidence for multiple objects. If our hypothesis is false, object 

individuation should be unimpeded by the labels and infants should still search for a second 

object longer in the two-object condition compared to the one-object condition. 

 3.3.1 Methods 

3.3.1.1 Participants 

In total 24 infants were included in the sample (range = 9 months 16 days to 10 months, 16 days; 

mean age 10 months 4 days). An additional 20 infants were excluded for various reasons: 12 for 

passivity, 1 for fussiness, 3 for experimenter error, and 4 because of technical issues with the 

recording apparatus. 

3.3.1.2 Procedure 

The key difference between Experiments 1 and 2 was in the presentation phase of the test trials. 

In Experiment 1 the experimenter placed either one or two objects on top of the box and paused 

4 seconds after every placement. In Experiment 2 this moment was used for labelling the objects. 

In two-object trials, the experimenter pointed to the object after each placement and labelled it 

with pseudo-words. The exact Hungarian phrasing was: "Egy tacok! Nézd! Egy tacok!". This 

translates to the following English utterance: "A tacok! Look! A tacok!". Importantly, the two 

objects within a trial had the same label. We used two labels that are frequently used pseudo-

words in the literature conducted in Hungarian: "bitye ", and "tacok “. In the one-object trials, the 
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object was pointed to and labelled with the same label at both locations. The labelling events 

were otherwise identical, so in the one-object trials an object was labelled four times in total. 

3.3.2 Results 

3.3.2.1 Total Search Duration  

We conducted the same analyses as in Experiment 1 (Figure 3.3). We found no effect on trial 

type on search duration with the repeated measures ANOVA (F(2,46) = 0.712, p = .420, η2 = .07). 

Search duration in the real second trial (M = 3688, SD = 4163) was contrasted with those of the 

phantom second trial (M = 3401, SD = 2205), t(23) = 0.368, p = .72), and the phantom third trial 

(M = 2884, SD = 2305), t(23) = 1.07, p = .30, but no differences were found. Nonparametric 

Wilcoxon tests revealed no significant differences either when comparing the trial types. 

3.3.2.2 Number of reaches 

The same analysis was conducted for the number reaches, and we found that the results were 

comparable to the search duration measure. No significant interaction between trial types was 

found (F(2,46) = 0.260, p = .72, η2 = .023). The number of reaches did not differ significantly for 

the real second object (M = 1.02, SD = 0.68) compared to the phantom third object (M = 0.95, 

SD = 0.67), t(23) = .036, p = .72, or the phantom second object (M = 1.04, SD = 0.55)  t(23) = 

.647 p = .52. We found no differences between conditions using Wilcoxon tests either. 

3.3.2.3 Comparison with Experiment 1  

For both of the dependent variables, we conducted a 2x3 mixed type ANOVA to further 

investigate the effect labelling had on individuation performance, and to directly compare 

Experiment 1 and Experiment 2. In both cases, we found a main effect of trial type, driven by 

infants' longer searches for the real second object than the other ones in Experiment 1 F(2,92) = 

5.688, p = .005, η2 =.110 for search duration, and F(2,92) = 5.453, p = .006, η2 =.106 for number 

of reaches. We also found a significant interaction between experiment and trial type for the 
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number of reaches (F(2,92) = 5.453, p =.039, η2 =.068), providing some direct evidence that lack 

of individuation in Experiment 2 was due to the labelling manipulation. 

3.3.2.4 Summary  

In Experiment 2 we not only consistently failed to find any evidence that infants individuate 

objects when these objects were labelled with same label, but – via comparing it to Experiment 1 

–  also learned that the labelling manipulation changed the pattern of search behavior. This shows 

that, for 10-month-old infants, spatiotemporal properties are not always primary, even if that 

information is available and could be used. 

3.4 Experiment 3 — Spatiotemporal evidence with different labels 

We obtained evidence for infants' spatiotemporal individuation in Experiment 1, but we did not 

find the same pattern of results when infants were presented with conceptual information that in 

itself did not warrant object individuation (Experiment 2). What exact role did the labeling 

events play in this failure? Do infants treat the conceptual/linguistic information as a primary 

property that could maintain an object representation by itself? In order to answer this question, 

we manipulated the conceptual content available for the infants while keeping all other 

characteristics of the Experiment 2 unchanged. In Experiment 3, the sole modification we 

introduced was that, in the two-object trials, the two identical objects were labelled not with the 

same but with different labels. This way, if infants encode the objects in conceptual terms, they 

should again individuate them similarly to Experiment 1. 
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 3.4.1 Methods 

 3.4.1.1 Participants 

As in the previous experiments, 24 infants participated in Experiment 3. Their age ranged from  

9 months 13 days to 10 months 13 days; their mean age was 9 months 27 days. An additional 22 

infants were excluded for various reasons: 18 for passivity, and 4 for experimenter error. 

3.4.1.2 Procedure 

The only difference between Experiment 2 and Experiment 3 was in the presentation phase of the 

two-object test trials. In Experiment 3, the two objects got labelled with different, instead of the 

same labels. In half of the two-object trials, the first labelled object was  "bitye " and the second 

was “tacok", in the other half the order of labels was reversed. The one-object trials were left 

unchanged; if there was only a single object, it was labelled with a single label. 

3.4.2 Results 

3.4.2.1 Total Search Duration 

We analyzed whether infants searched longer for the real second object compared to the phantom 

third and phantom second objects using a repeated measures ANOVA (Figure 3.3). We did not 

find an effect of trial type (F(2,46) = 1.748, p = .185, η2 = .71). We predicted that search duration 

for the real second object would differ from the other two trials, but the Helmert contrast 

revealed no significant difference but a trend (F(1,23) = 3.623, p = .070, η2 = .14). Pre-planned 

paired sample t-tests revealed that this tendency was driven by longer search for the real second 

object (M = 2815, SD = 2622) compared to the phantom third (M = 1887, SD = 1986), t(23) = 

2.023, p = .055. We found no difference when comparing search duration for the real second 

object with the phantom second (M = 2178, SD = 2180); t(23) = 1.220, p = .235). Nonparametric 

analysis revealed a similar pattern. The comparison between real second to phantom second was 
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non-significant (Wilcoxon Z = -.887; p = .375). But when comparing the real second with the 

phantom third object, we found a significant difference (Wilcoxon Z = -2.240; p = .025). 

3.4.2.2 Number of reaches 

Conducting the same analyses on the number of reaches, we found a significant main effect of 

trial type in the repeated measures ANOVA (F(2,46) = 3.724, p = .032, η2 = .139). The pre-

planned Helmert contrast revealed that infants searched on more occasions for the real second 

than for the average of the other two objects (F(1,23) = 4.738, p = .040, η2 = .171). The pre-

planned t-tests revealed that infants only searched more for the real second object (M = 1.02, 

SD=0.81), compared to the phantom third one (M = 0.62, SD = 0.51), t(23) = 2.744, p = .012), 

but not to the phantom second one (M = 0.71, SD = 0.61), t(23) = 1.606, p = .122. Using non-

parametric analyses, we found the same pattern. Infants reached more for a real second object 

compared to a phantom third (Wilcoxon Z = -2.318; p = .02), but there was no significant 

difference when with the phantom second object (Wilcoxon Z = -1.414; p = .157 ). 

3.4.2.3 Comparison with Experiment 1 & Experiment 2 

When we compared the search durations of Experiment 2 and Experiment 3 (the two 

experiments with labeling), we found no main effects and no interaction between trial type and 

experiment (F(2,92) = 0.87, p = .916, η2 = .002). There was no significant interaction for the 

other measure, the number of reaches either (F(2,92) = 2.150, p = .122, η2 = .045). This result 

indicates that the behavior of the infants in the two labeling conditions were not statistically 

different. Taken together, infants in the two labeling experiments did not exhibit behavior that 

would allow us to infer that they represented two objects in the box when there were indeed two 

of them (real second search trial). 

When compared the duration of search with Experiment 1, the ANOVA revealed a strong main 

effect of trial type (F(2,92) = 9.095, p < .001, η2 = .165). However, we found no interaction 

between experiment and trial type (F(2,92) = 1.386, p = .255, η2 = .029). The pattern of results 
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was the same with the number of reaches: no interaction (F(2,92) = .435, p = .649, η2 = .009), but 

a main effect of trial type (F(2,92) = 10.189, p < .001, η2 =.181). This shows that infants in 

Experiment 3 did not produce a significantly different search pattern from that of Experiment 1. 

Nevertheless, the two experiments together still provide evidence for object individuation, 

mostly driven by the behavior of the infants in Experiment 1. 

3.4.3 Summary 

We found limited evidence that infants individuated objects in Experiment 3. While they 

searched longer, and more times for the real second object compared to a phantom third one, the 

difference compared to phantom second object was not significant. The strongest evidence for 

them representing two objects inside the box comes from the Helmert contrast, as it revealed that 

they searched on more occasions for the real second object than in the other two conditions. 

Crucially though, their performance was not significantly different from either Experiment 1, or 

from Experiment 2, because the main effects reported in the comparisons with these experiments 

were mostly driven by the infants' performance in Experiment 1. 

  

Taken together the current dataset does not let us decide on whether or not the infants in 

Experiment 3 individuated the objects or not. While interpreting these null-results is not easy, the 

fact that we did not find clear evidence for success in Experiment 3 is unexpected as the infants 

were presented with both spatiotemporal and conceptual cues about the objects, and these cues 

were converging. Possible explanations will be reviewed in the General Discussion. 

3.5 General Discussion 

To date, the usage of spatiotemporal and linguistic/conceptual properties in object individuation 

was mostly studied in isolation (Xu & Carey, 1996; Xu, 2002). In this and in the previous 

chapters, we investigated how these two individuating properties could be integrated by infants. 

In Chapter 2 we found that (1) 10-month-old infants’ ability to use spatiotemporal individuation 

cues was not robust and (2) infants failed to individuate objects in the presence of labeling 
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events. We raised a variety of methodological issues that we tried to tackle in the experiments 

reported in the current chapter. Otherwise our goal was to create a conceptually equivalent study.  

First, we validated our methods via replicating spatiotemporal object individuation in the manual 

search paradigm (Experiment 1). Infants in this paradigm were provided with the strongest 

possible spatiotemporal cues for object individuation, simultaneous visual access to both objects. 

Just as (Van de Walle et al., 2000), we found that 10-month-old infants searched more for a 

second object in the two-object condition (real second) compared to the one-object condition 

(phantom second). Also, they searched more only for this second object. After the removal of the 

second hidden object, they did not keep searching longer for a non-existent third object. This 

pattern of results shows a robust encoding of the spatiotemporal nature of the presented objects 

that results in the representation of exactly two objects in the container. 

  

Experiment 2 provided evidence that visually available objects are not always indexed based on 

their spatiotemporal properties in the first year of life. Infants here failed to use the 

spatiotemporal cues that were sufficient for individuating objects in Experiment 1. The main 

manipulation between the studies was the linguistic description of the presented objects (same 

label for both objects). If infants had taken spatiotemporal properties of the objects as primary, 

their behavior should not have changed, but the interaction effect between the studies and 

conditions shows that they treated the two situations differently. This corroborates the findings 

from Chapter 2, Experiment 4 where we found a similar drop in performance in the 

corresponding same-label condition. These results are agnostic on how infants' visual system 

encoded these objects. Without evidence to the contrary, the most plausible assumption is that 

their visual system created two indices, the same way as the adult visual system does.  

   

In Experiment 3 we failed to find evidence in favor or against hypothesis 2B. Infants did not 

show an expectation for multiple objects in the box, even though the different labels used here 

provided distinguishing conceptual information that could have been used for object 

individuation. Strikingly, despite the two different individuating cues converging in predicting 
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two objects, infants seemingly could not use either to individuate objects in this condition. This 

is clearly a surprising result in light of the previous literature. Infants of this age have been 

repeatedly shown to possess the ability to use either cue in isolation for object individuation. 

Although the pattern of results is less clear in the current study, similar results were obtained in 

the corresponding different-label condition of Chapter 2, Experiment 4. There, we found  

statistically strong evidence that infants did not represent multiple objects. Taken together these 

results raise the following question in relation to Hypothesis 2B. If we accept our interpretation 

of Experiment 2 as indicating that infants did not take the spatiotemporal evidence into account 

in the presence of identical labels, why did they fail to individuate objects based on distinct 

labels in Experiment 3? 

  

A possible reason for the lack of success in Experiment 3 could be that the differently labelled 

objects shared all their surface features. If infants think that surface features are constitutive of 

kind membership, they might not accept that objects that look the same can belong to different 

kinds. There is partial support for this interpretation. Already at 9 months of age, infants expect 

that objects that have different labels should have different surface features (Dewar & Xu, 2007). 

But a follow-up study with 10-month-olds also revealed that surface features are not at the core 

of these expectations  (Dewar & Xu, 2009). When identical objects were labelled with different 

labels, infants expected the objects to have different internal properties - emit different sounds - 

at a rate similar to a condition where the objects did not share surface features. This shows that 

while infants may have a bias that objects that have distinct labels also look different on the 

surface, this bias is not constitutive of making a conceptual distinction. Converging evidence for 

this conclusion comes from a study on function-based object individuation (Futó et al., 2010) 

where infants successfully individuated objects based on their functions in a standard Xu & 

Carey (1996) paradigm, even when the two different functions were associated with surface-

identical objects. In the current study, we did not provide any evidence for internal differences 

between the objects, but our manipulation should have still succeeded in creating a conceptual 

differentiation. In sum, neither previous literature nor the framework we argue for supports the 

view that surface-featural distinctions play a crucial role in making a conceptual distinction. 

 73



However, we cannot completely discount the possibility that the labelling cues that we provided 

were not strong enough to override infants' prior biases, and a perceptual differentiation between 

the objects would have been necessary in this task. In light of this possibility, it seems important 

to reconsider what drives infants’ expectations in labeling based individuation studies in the first 

place. 

Conceptual or label-based object individuation has mostly been discussed in the infancy 

literature by invoking the notion of sortal concepts. What is assumed to distinguish sortals from 

other concepts is their ability to provide principles of individuation and identity. We can count 

the number of objects, chairs, or trucks, but we cannot count the number of  "red", without 

specifying what is the thing that "redness" applies to (Xu, 1997, cf. Wiggins, 1997). The main 

underlying assumption in the literature is that, for infants, nouns of natural language map onto 

basic level (Rosch, Mervis, Gray, Johnson, & Boyes-Braem, 1976) sortal concepts. It is further 

assumed that basic-level sortal concepts are mutually exclusive, resulting in a one-to-one 

correspondence between distinct nouns and sortals (Xu, 1997, 2005, 2007). What follows from 

this is that noun labels are also mutually exclusive, each one mapping onto a different sortal 

concept.  

Assuming that these theoretical assumptions are valid, infants should not have construed the 

distinct labels of our study as applicable to a single entity, as they should pick out non-

overlapping sortals. However, there might be language specific reasons to seriously consider the 

option that infants did not treat the labels as nouns in the first place. Hungarian allows for 

dropping (not pronouncing) nouns more liberally than English (the language that the cited word-

based individuation studies used). Most relevantly, the Hungarian sentence “Ez egy kék _ 

” (“This is a blue _ ”) is grammatical. If an addressee is unaware of the syntactic classification of 

the word “blue”, this environment will not help to disambiguate whether it is a noun or an 

adjective inside a noun phrase where the head noun is omitted. Consequently it might be harder 

in Hungarian to determine whether an unknown label is a noun. If infants misconstrued the 

 74



syntactic class of our novel labels, it might have resulted in non-sortal and potentially non 

mutually exclusive mappings or just in a general failure to map the words to concepts. 

We also have to consider the possibility that the standard analysis of the relationship between 

nouns and basic level sortal concepts is not entirely valid, giving us a a wider range of 

interpretation for infants’ failure. Suppose when infants hear nouns, they not only consider basic-

level sortals, but also ones that might belong to a different hierarchical level (e.g. toy/ball, 

animal/moose). In this case it would be possible for the two objects to have shared a single 

conceptual description that could satisfy both sortals. For instance a single object can be 

felicitously labeled as both a ball and a toy. More radically, suppose when infants hear nouns 

they do not only consider sortal concepts. If instead infants mapped the labels onto some other 

property of the objects (e.g. redness, smallness). This would also allow for multiple labels to 

apply to a single object especially since within a condition the objects shared all features. 

That said, there is considerable empirical support for the noun to basic-level sortal hypothesis. 

Infants do seem to expect one-to-one correspondence between the number of labels used and the 

number of objects expected to be present  (Xu, 2002). Amongst others, this result is the backbone 

of the hypothesis that different labels are mapped onto mutually exclusive sortal concepts (Xu, 

1997, 2005, 2007; Carey, 2009). There still remains a possibility of adopting a weaker variant of 

this hypothesis. Specifically, rather than being a principle, reflective of the conceptual/linguistic 

architecture, mapping nouns to mutually exclusive sortals could be interpreted as a bias that can 

be overcome based on contextual factors. This is analogous to infants’ expectation that objects 

that have different labels should also have different surface features (Dewar & Xu, 2007). While 

infants expect this to be the case, they have no trouble accepting scenarios in which it is not true 

(Dewar and Xu, 2007, 2009). 

Altogether, while it is important to consider infants’ lack of success in Experiment 3 as evidence 

against the hypothesis that they treat label-based conceptual descriptions as primary, the data we 

collected does not support this conclusion in its strongest form. In fact, Experiment 3 strengthens 
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the conclusions of Experiment 2: spatiotemporal properties are not always privileged in the first 

year of life. Could there be alternative explanations that account for the entire set of data (Studies 

1 & 2) without jeopardizing the spatiotemporal priority hypothesis? We see two possible 

explanatory strategies of this sort: (1) Claiming that our labeling manipulation simply disrupted 

object tracking due to attentional or working memory limitations, or (2) assuming that the infants 

successfully individuated in all experiments, but their search and looking behavior did not reflect 

this underlying knowledge. 

(1) The simplest explanation of the results — infants’ successes in the spatiotemporal conditions 

and failures in the labeling conditions — invokes a hypothesized disruptive effect of labeling. 

This disruption could simply be derived from the fact that there are more things to attend to in 

the scene: linguistic communication increases information processing load, and the novel labels 

demand more working memory. While there are no a priori reasons to dismiss this explanation, it 

is notably incompatible with the architectural stipulations of visual indexing. Visual indices 

thought to be automatically assigned by a tracking system that operates with a high degree of 

encapsulation (Pylyshyn, 2003; Scholl & Leslie, 1999). This stipulation also has empirical 

support. In adults, the number of objects tracked in a multiple object tracking paradigm is 

unaffected even while maintaining multiple linguistic items in memory (Scholl & Xu, 2011). 

Moreover, visual working memory of objects is generally unaffected by verbal loads (Luck & 

Vogel, 1997). The disruption hypothesis is also incompatible with the literature on conceptual 

object individuation in general. In previous studies where infants had to individuate objects 

based on labeling information, they succeeded without attentional disruption. The only structural 

difference in our study was that the spatiotemporal information in itself was sufficient for 

individuating two objects. Thus, the idea that object indexing breaks down from labelling due to 

attentional load or memory constraints, while possible, does not fit well with the architecture of 

object indexing or previous data. 

(2) Assume that infants successfully individuated the objects in all of our experiments. Is it 

possible that their interpretation of the context changed across conditions in a way that is 
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reflected in our data? We elaborate on two intuitive possibilities. The first possibility is that the 

infants’ failure to search longer in Experiment 2 (same label) was due to motivational factors 

related to the way infants treat kinds. Maybe they were less interested in retrieving the second 

object because the second exemplar was not estimated to increase their net benefit (since the 

objects belonged to the same category). This would still be compatible with a success in 

Experiment 1: although the objects shared surface features, there was no evidence of them 

belonging to the same conceptual category, so the differential search patterns between these two 

experiments could be warranted. The stipulation that infants might treat members of a category 

as equivalent is justified. In studies with older children, participants often treat members of the 

same kind as interchangeable and their differences unimportant. But the equivalence of kind 

members, to our knowledge, never manifested as expectations of diminishing returns, but rather 

as expectations of how these objects would behave (Gelman, 2003; Butler & Markman, 2012). In 

a variety of studies, infants of the same retrieve objects that belong to the same kind, and 

motivational control conditions do not make a difference in their performance (Feigenson et al., 

2002). Moreover, from the fact that two objects are equivalent in value and function it does not 

follow conceptually that the utility of a second object has to drastically decrease. Most 

importantly, this analysis fails to account for the results of Experiment 3. In that condition infants 

had explicit evidence of the objects belonging to different categories, which should imply an 

increase of their net benefit of getting both objects. Thus, the ‘diminishing returns’ account 

predicts that the infants should have best performed in this case, but in actuality, their 

performance was not statistically better than in Experiment 2. It is unclear whether the 

motivational account can say anything at all about looking behaviors (Chapter 2). Even if it can, 

we found a similar pattern of results in Study 1, and thus this account should fail for the same 

reasons that we outlined above. 

  

Could one explain the results by appealing to infants’ differential understanding of the context in 

the different conditions? In Chapter 2 we considered the possibility that labeling led infants to 

conceive of the events as a “word learning game”. In a similar vein, maybe the labeling 

manipulations in Experiment 2 and Experiment 3 in this chapter caused infants to consider the 
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context to be a “word learning game” rather than a “searching game”. Our choice of the manual 

search paradigm was partially intended to rule out this type of alternative explanation by using 

an active measure. In fact, infants kept searching across conditions in all of our studies. This is 

hard to explain if there was a radical change in their understanding of the context, since it is not 

obvious why they should have searched in the box at all. The fact that they did search indicates 

that they represented something in the “here and now”. The challenge for this task-intelligence 

based explanation is to explain why infants’ knowledge of the contents of the box did not 

influence this search behavior, in contrast to their contextual understanding of the task, whatever 

it may be. Previous empirical data also speak against this account. In other studies that involved 

similar labeling manipulations, infants successfully searched longer for two objects (Xu, 2002), 

showing that labeling alone does not induce such radical reinterpretations of the context. More 

generally, while this sort of “task intelligence” based explanation might make intuitive sense, it is 

not easy to spell out a principled version that can accommodate both our results and previous 

data. 

  

On a broader conceptual note, if we accept an alternative explanation in which the infants always 

knew the correct number of objects, but still failed in the labeling conditions because of 

pragmatic or motivational factors, this interpretation should be applied across the board to all 

previous studies where infants did not individuate objects. Doing so would undermine the logic 

of the individuation paradigm as a whole. Consider the study by (Xu, 2002) where the infants 

searched more for a second object in the condition where they heard two different labels, but 

searched less for it in the condition where they heard a single label twice. Adopting the 

motivation based alternative explanation outlined above, we could very well interpret these 

results as consistent with infants expecting two objects in both conditions, but just being less 

motivated to search in the same label condition. If we take this type of explanation seriously, 

some of our most basic assumptions and prior understanding of conceptual object individuation 

would be in jeopardy. In turn, the current study and its hypotheses would also be ungrounded. 

For these reasons, we are weary of accepting such alternative explanations unless (1) there are 

principled reasons to believe that they only apply to our studies or (2) there are reasons to believe 

 78



that they can be applied to all individuation studies and yield a consistent interpretation across 

the board. 

3.6 Conclusions 

In two sets of studies (Studies 1 & 2 in Chapters 2 & 3), we tested the integration of 

spatiotemporal and conceptual cues in object individuation. Our goal was to probe which of 

these cues (if any) takes primacy in generating numerical expectations in 10-month-old infants. 

Primary properties are defined as lying at the core of indexing processes that track object 

identity. Thus, identifying which property takes priority could inform us about the underlying 

architecture of the indexing systems. 

We found that 10-month-old infants took spatiotemporal properties as primary as long as there 

were no conceptual/labeling information present. On the other hand, we consistently found that 

when objects were labelled, this spatiotemporal primacy went away. We did not, however, find 

strong evidence to support the hypothesis that in such cases conceptual properties gained priority, 

leaving open key questions about the nature of conceptual object individuation. In the following 

chapter (Chapter 4), we will put forward a novel proposal about the architecture of a conceptual 

indexing system that makes a different set of predictions about what drives conceptual/linguistic 

object individuation. 

 79



Chapter 4 — Indexing objects in a discourse  

In Chapters 2 & 3 we found evidence that a single visual indexing system is insufficient to 

account for 10-month-old infants’ object representations. When the objects were labeled, infants 

failed to take into account the available spatiotemporal evidence for two objects. Surprisingly, 

we also found that infants failed even when they were presented with a conceptual contrast 

(different labels conditions). Taken together, the leanest valid generalization is that infants’ 

expectations were modulated by the labeling manipulations in general rather than by the specific 

conceptual information that was presented. That is, the conditions that included labeling events 

succeeded in engaging an alternative system of indexing, but that system might not have 

assigned separate indices to the objects in response to different labels. The most straightforward 

treatment of this generalization is that conceptual descriptions provided by labels are not primary 

but secondary properties in the relevant conceptual indexing system, whatever it may be. This 

means that while separate object representations may be established using these properties, in 

themselves they are not providing indices.  

On the other hand, the previous chapters also demonstrated that labeling manipulations 

succeeded in engaging an alternative system of indexing. A goal of this chapter is to gain a better 

understanding of what this system might be. We first show that sortal concepts, while potentially 

sufficient for object individuation, can not by themselves create indices. We then suggest that 

when this alternative system for indexing objects is engaged, referential communication plays a 

crucial role. Taking this link seriously and relying on existing theories within natural language 

semantics about discourse representation (Kamp, 1981, Heim, 1982), we argue for the existence 

of a discourse bound indexing system in infancy. We present evidence that the existence of such 

a system is supported both by the literature on object representation and the literature on 

referential communication. Finally, we formulate some of the challenges that the notion of an 

independent discourse-based indexing system faces. 
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4.1 The role of kind sortals in object individuation 

It has been proposed that sortal based object individuation is supported by a system that is 

independent from spatiotemporal object representations (Xu, 2005, 2007). Could this proposed 

individuation system also be an indexing system? The formulation of the sortal theory in the 

infancy research is quite different from the formulations in the philosophical/linguistic literature 

(Wiggings, 1997; Hirch, 1997; Rips Blok, & Newman, 2006; Blok, Newman, & Rips, 2007), and 

we will keep discussing the more relevant psychological variant (Xu, 1997, 2005). The main 

property of sortal concepts is that they provide principles of individuation and identity. A contrast 

frequently used in the literature is one between count nouns and other types of syntactic 

constituents, like adjectives. The main idea of sortal based individuation is that we can count the 

number of objects, chairs, or trucks, but we cannot count the number of  "red" without specifying 

what is the entity that redness can apply to. While concepts like CHAIR, TRUCK, and maybe even 

OBJECT are providing us with a specification of what particulars fall under it, RED crucially does 

not. This mapping between count nouns and sortal concepts has some explanatory power. If 

infants map count nouns of natural language onto basic level sortal concepts and, moreover, they 

treat basic-level sortal concepts as mutually exclusive, it follows that objects that are labelled 

with different count nouns have to be different objects. This prediction is supported by a wide 

range of evidence from early conceptual object individuation studies (see Chapter 1 for a 

review).  

Crucially, however, the question of whether these sortal level conceptual descriptions could 

provide an autonomous indexing system is different from the question of whether they are used 

in object individuation. Recall that we defined primary properties as constitutive of the indexing 

process within a system, so they have to be necessarily encoded in order to maintain an object 

representation. Properties that are secondary in a system are ones that might be used in object 

individuation, but they are not part and parcel of the indexing process per se. Could we treat 

sortal concepts as primary properties under these terms, i.e., as an indexing system? The answer 

is negative. A positive answer would be a category mistake because sortal concepts are type level 
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descriptions and do not directly pick out objects. An already represented entity can fall under a 

sortal description, but without representing an entity in the first place, sortal concepts have no 

way of providing indices that they could then be applied to.  

To illustrate, consider the following passage explaining how individuation using the sortal based 

individuation system is supposed to work: “[…]if an object seen at time 1 falls under one sortal 

concept and an object seen at time 2 falls under another sortal concept, then they must be two 

objects.” (Xu, 2007, p. 401). This formulation highlights the distinction that we want to 

capitalize on between primary and secondary properties. Infants indeed individuate the objects 

based on differences in their conceptual description. But the indexing of these objects is not done 

by sortal concepts, but by the visual system. The sortal concept is merely describing the indices, 

but the actual indices are “object seen at time 1” and “object seen at time 2”. We know that these 

are not based on sortal concepts, but on “seeing” the objects, because in the lack of visual indices 

there wouldn’t be anything that the descriptions could apply to. Thus, object individuation can be 

based on represented entities falling under different sortal descriptions, but sortal descriptions 

can only be secondary properties. The same issue arises with the natural language analogy that 

the sortal theory also relies on. The word “red” is an adjective and we cannot count the number 

of red. In contrast, we can count the number of trucks and “truck” is a count noun. But just as 

“red” is insufficient to establish a countable object, the word “truck” alone is also insufficient to 

talk about any particular truck. Count nouns in English require further linguistic elements in 

order to invoke particulars or token level descriptions of that given count noun. Noun phrases 

can contain a variety of constituents that contribute to invoking representations of particular 

entities, like articles, (“the truck”) numerals, (“three trucks”) or quantifiers (“both trucks”). But 

without the elements that do the actual counting or aid tokening, the word “truck” is insufficient 

to express thoughts of particular trucks. 

Taken together, without a way of tokening particulars, sortal concepts can only be 

accommodated into this framework as secondary properties. Object representations are described 

rather than established by sortal-type conceptual content. If these concepts are not primary 

 82



properties, then using them in individuation might be possible, but is not always necessary. This 

view is compatible with both the results obtained in Studies 1 & 2 where infants failed to use 

different labels to individuate objects, and  all previous data where infants succeeded (e.g Xu, 

2002). 

4.2 Discourse referents  

We will propose an alternative indexing system that is able to create and track representations 

that are bound to communicative agents or to a communicator-specific discourse. Our proposal 

builds on theories of discourse representation from the field of linguistics. In natural language 

semantics, the notion of discourse reference was first introduced by Karttunen (1968) to 

distinguish reference within a discourse from reference proper. Since then, various theories, e.g., 

discourse representation theory (Kamp, 1981) and dynamic semantics (Heim, 1983) have aimed 

to capture how natural language creates referents in a communicative context and keeps track of 

them, accounting for a variety of linguistic phenomena like the interpretation of anaphoric 

expressions. One influential and psychologically relevant way of analyzing the linguistic means 

of these processes is Heim’s (1982) earlier theory called file change semantics (FCS). Building 

on Karttunen’s notion of discourse referents, FCS posited an indexing system using file-like 

representations, not unlike psychological theories of object files (Kahnemann, Treissman, & 

Gibbs 1992), or mental files (Recanati, 2012; Perner & Leahy, 2016). What makes files in FCS 

and mental/object files different from each other is that FCS focuses on indexing entities not 

from a first-person referential viewpoint but from the point of a communicative discourse. The 

existence of a file is not granted by being anchored to visually available referents in the world, 

but having a file implies an implicit belief in the existence of the referent in the discourse (Heim, 

1982; Partee, 2008).  

Consider indefinite and definite noun phrases in FCS. They are differentiated based on their 

indexing properties. Indefinites carry a novelty requirement: used felicitously, they introduce a 

new file to the discourse, that is they create a novel index. In contrast, definites carry a 
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familiarity requirement, they pick out files/indices that are already represented in the discourse. 

For example, the utterance “The cat is on the mat” requires a familiar cat and familiar mat known 

to all participating communicators. In FCS terms, it requires an already represented cat file/index 

and a mat file/index. If we change one of the definite articles to an indefinite, yielding a sentence 

such as “a cat is on the mat,” the interpretation changes. Now the cat is no longer familiar though 

we still require a familiar mat. In FCS terms the phrase “a cat” creates a new cat file/index to the 

discourse. Importantly, novelty and familiarity are local to the common ground (Stalnaker, 1974, 

2002) of the discourse. The same utterances might be about different cats and mats in 

conversations with different interlocutors. Conversely, the same cat and mat might varyingly 

demand using the indefinite versus the definite depending on the interlocutor.  

The main insight we aim to incorporate from this literature is the idea that there are socio-

cognitive mechanisms that can track referents in relation to a discourse. While infants might not 

be in full command of all the linguistic apparatus that are routinely employed by adult language 

users (e.g., the first direct evidence for the distinction of indefinite/definite articles is from 18-

month-olds; see Choi, Song, & Luo, 2018), we assume that the underlying apparatus to encode 

discourse bound representation is present from an early age. To account for the strong 

relationship between conceptual object individuation and communication, we propose that early 

in infancy particulars of a kind are represented in this discourse-bound system. That is, other than 

a system that represents an object at a location (visually-indexed object), infants can also 

represent an object under discussion (a discourse referent) .  4

4.3 Evidence from the literature on object representation 

Positing a discourse-bound indexing system in infancy has architectural consequences. If, for 

infants, communicative acts can have a primary index creating function, it has to be 

 When it comes to talking about kinds qua kinds (e.g., “dinosaurs are extinct”) we propose that discourse 4

referents are always required. Kind concepts are not things one can directly perceive because concepts are 
abstract notions. Thus, visual indexing cannot pick kind concepts out directly (cf. Csibra & Shamsudheen 
2015) but communicative reference to kind concepts can (Carlson, 1977). 
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demonstrably independent from the processes that bind properties to indices (e.g.,  individuating 

objects based on sortal concepts). In practice, this means that within this system, (1) infants’ 

knowledge of a relevant sortal concept is insufficient for creating an index without a 

communicative context  and (2) a communicative context even without the necessary sortal 5

knowledge should be sufficient for creating an index. 

4.3.1 (1) Communication is necessary for index creation 

Word recognition studies by show that by infants in the first year of life possess some word-to-

concept mappings that could in principle let them succeed in the standard object individuation 

paradigm (Bergelson and Swingley, 2012; Parise and Csibra, 2012). Still, infants fail in kind-

based object individuation until their first birthday in cases where the objects are not labelled 

during presentation (Xu & Carey, 1996 Xu, 2002). From this pattern alone, it is unclear what the 

labeling events contribute to infants’ success. Are labels required to make the conceptual 

distinction between the objects salient? Or (as our model posits) is the facilitation also due to the 

communicative context, which engages an alternate indexing system?  

There are recent studies that point to the latter possibility. In a recent study, referential 

communication was dissociated from the labels in the standard object individuation paradigm 

and infants still succeeded without explicit labeling (Shamsudheen & Csibra 2016). During 

object presentation, the objects were pointed to, but not labeled. This alone was enough to help 

the infants succeed in building an expectation for two objects when these objects belonged to 

familiar kinds. This is convergent with earlier results obtained from an individuation study by 

Futó, et al. (2010). In this study ten-month-old infants were presented with two objects that had 

different functions (one played music, the other had blinking lights). Even though the objects 

differed both in function and in surface features, infants only expected two objects in the 

presence of ostensive-referential communicative presentations of these functions. Again a 

conceptual contrast (here, a function) was insufficient.  

 Importantly it does not exclude the possibility that other types of indices can use sortal-information to 5

individuate objects.
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This relationship between communication and conceptual encoding is supported by evidence 

from non-individuation studies as well. In a recent study, Pomiechowska, Brody, Csibra, and 

Gliga (in prep.) presented presented 12-month-old infants with two objects: one familiar, one 

novel. They measured infants’ looking behavior in response to hearing either the label for the 

familiar word or a novel word. In the baseline condition, upon hearing a familiar label, infants 

looked at the familiar object, showing that they have the necessary conceptual/lexical knowledge 

to recognize the kind that familiar object belonged. When they heard a novel label, they did not 

look at the novel object, replicating previous findings that infants at that age are not abiding by 

the mutual exclusivity bias (cf. Halberda, 2006). In the critical condition, before hearing the 

labels, infants saw a pointing action directed at the familiar object. In this case 12-month-old 

infants not only looked at the familiar object when they heard the corresponding label, but now 

they also succeeded in making a mutual exclusivity inference: they looked at the novel object 

when they heard the novel label. In order to derive the inference that the novel label cannot refer 

to a familiar object, infants had to realize what the familiar actually object was. It seems that at 

least one of the two communicative acts were necessary to subsume the familiar object under a 

description. Either the pointing act alone, in the critical condition, or the corresponding label, 

during testing in the baseline condition. The main difference between the conditions is that in 

pointing condition infants could also use this encoding in their premise for making a mutual 

exclusivity inference because the pointing act preceded the novel label. 

4.3.2 (2) Communication is sufficient for index creation 

If object representations can be indexed in the discourse and such discourse-binding is a primary 

property, then infants should be able to create object representations even when no further 

information is available. This means that within this system, creating a novel object 

representation should not depend on the availability of relevant kind concepts or any information 

that is not a part of a referential communicative act. In Chapter 1, we already described the study 

by Yoon et al. (2008), where in a communicative context 9-month-old infants remembered the 

features of the object but forgot its location. As these were novel objects, there is no reason to 
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believe that the way infants encoded the objects referenced a basic level sortal concept. At the 

same time, there are reasons to believe that this representation was not visually-indexed either: 

infants forgot the objects’ location. Thus, the index must have been provided by the referential 

communicative act itself. 

Going further, there is evidence that sortal-free indices can be created even without any direct 

visual access to the object, showing that index-creation can be solely dependent on referential 

communicative acts. Around one year of age, infants not only understand pointing gestures as 

referring to visually available objects (Behne, Carpenter, Liszkowski, & Tomasello, 2012), but 

can also take it refer to objects that are occluded or currently absent from the physical context 

(Liszkowski, Carpenter, & Tomasello, 2007). Most relevantly, Pätzold & Liszkowski (2019) 

provided evidence in a pupil dilation study that 12-month-old infants posit the presence of an 

object solely based on referential pointing acts. An agent’s communicative pointing action was 

sufficient to create an object representation, even in the absence of any direct visual evidence or 

conceptual description of the object. In a different paradigm similiar results were obtained by 

Csibra & Volein (2008) showing that already at 8 and 12 month infants expect an object’s 

presence in response to communicative gaze (see also Moll & Tomasello, 2004). Further 

evidence comes from a search task where infants inferred the existence of an object in one of two 

boxes in response to communicative gaze and pointing, but failed to do so if similar behavior 

was presented in a non-communicative setting (Behne, Carpenter & Tomasello, 2005).  

While these results are strong evidence against the idea that sortal concepts are required for 

indexing, in most of these cases infants expected the object at a location. How can we know that 

location information is not necessary to establish discourse referents? In a study by Moll & 

Tomasello (2006), 14- and 18-month-old infants were playing with an object with the 

experimenter. When a new experimenter entered the scene and pointed to the side of the object 

(an unconventional pointing act) with excitement, infants tended to understand this gesture as 

referring to the object that they played with. But if the same behavior (excitement, 

unconventional pointing) was displayed by the initial experimenter, who had already 
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communicated to the infant about the object, infants’ behavior changed: they started to look 

around in the room, as if searching for a novel referent. This can be construed as evidence for 

infants positing the presence of a further object, one that they did not know the location of, based 

on their interpretation of the communicative act. Notice how well this result can be 

accommodated in a framework like FCS. FCS posits that the interpretation of some 

communicative acts can create novel indices and other communicative acts can refer back to 

already represented ones. Novelty and familiarity is assessed in specific discourses. It seems 

reasonable to assume that the unconventional pointing action expressed by the experimenters 

was understood by infants as expressing novelty. But the interpretation of these otherwise 

behaviorally indistinguishable actions depended on what was already part of a specific discourse. 

For the experimenter with whom the object was not yet part of the discourse, the object could be 

construed as novel entity. On the other hand, for the initial experimenter this object was already 

part of the discourse, and the same exact action could not meet the novelty requirement referring 

to the familiar object. From the infants’ first person perspective the two behaviors express 

novelty to the same degree. But from the point of the two distinct communicative discourses, 

novelty caches out differently. 

4.4 Evidence from the literature on communication 

The object representation literature indicates that infants can index entities in relation to 

discourse contexts, without referencing any other type of information. Such an indexing system 

assumes infants to be equipped with a variety of cognitive capacities. At a minimum, they have 

to be able to: (1) identify possible communicators to set up discourse contexts, (2) monitor 

others’ mental states to establish (or approximate) common ground, and (3) differentiate between 

communicative acts performed by different agents. In the following, we argue that there is 

evidence for these capacities in infants by the first year of life. 

4.4.1 (1) Picking out communicators is a crucial precondition of having discourse-bound object 

indexing. It is well established that even at an age when infants fail in making use of other 
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object-kind distinctions, they can spontaneously treat humanness (Bonatti et al., 2002) or more 

generally agency (Surian & Caldi, 2010) as a strong conceptual boundary relevant for object 

individuation. Infants are quite expert in picking out communicators also. They are sensitive to a 

variety of interconnected ostensive signals, like eye contact (Farroni, Johnson, Menon, Zulian, 

Farugna & Csibra, 2005), infant-directed speech (Cooper & Aslin, 1990), or contingent 

responsivity (Murray & Trevarthen, 1985). These signals  have been argued to help infants 

recognize the presence of a “communicative intention” even if they can not recognize the 

informative intent (the content) of the message (Csibra, 2010). Under various theories of human 

communication (Grice, 1989; Sperber & Wilson, 1995), a communicative intention, indicated by 

ostensive signals, is generally understood as letting the addressee(s) know the intention to 

communicate some information. If this notion is on the right track, an infant who recognizes a 

communicative intention must have at least an implicit grasp of the necessary concepts such as 

addressee, information, intent and so forth. There are empirical reason to think that infants’ 

interpretation of ostensive signals reflects more than just an attentional sensitivity to these cues. 

These signals change infants’ behavior in ways that reflect a genuine understanding of 

communicative intentions. As we cited previously, infants’ understanding of objects radically 

shift in communicative contexts (Xu, 2002; Futo et al., 2010; Yoon et al., 2008). Prior ostensive 

signals also change infants gaze-following behavior both overtly (Senju & Csibra, 2008) and 

covertly (Farroni, Johnson, & Csibra, 2004). Finally, and as discussed before, ostensive signals 

result in changes in referential expectations. Infants expect to find an object at the location where 

communicative gaze (Csibra & Volein, 2008) or pointing (Behne et al., 2005) is directed. 

4.4.2 (2) Indexing an object in a discourse establishes the common ground with the discourse 

participants where these indices can be maintained. Common ground can be defined as the set of 

beliefs and information that are shared by discourse participants (Stalnaker 1974, 2002). To 

establish or approximate common ground, infants thus have to be able to infer mental states of 

other agents. Mental state attribution, or theory of mind, is traditionally linked to the ability to 

attribute false beliefs (Wimmer & Perner, 1983). While there is a range of evidence from 7 

months of age that infants attribute false beliefs to other agents in some tasks (Kovács, Téglás, & 
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Endress, 2010; Onishi & Baillargeon, 2005), the evidence and its implications are heavily 

debated (Jacob, 2012; Kovács, 2016; Dörrenberg, Rakoczy, & Liszkowski, 2018). The debate 

centers around the fact that these tasks do not match up well with the traditional verbal false-

belief tasks on which children fail before they turn 4 years (Wimmer and Perner, 1983; Wellman, 

Cross, & Watson, 2001). There are architectural and terminological questions related to infants’ 

representational capacities for attributing “belief proper” versus some notion of a “pre-

belief” (Apperly & Butterfill, 2009, Rakoczy, 2014). Here, we appeal to a different literature to 

argue for infants’ capacity to attribute mental content to others, at least to the degree that a 

discourse based representational system would require.  

Infants start to produce pointing gestures around 12 month of age (Tomasello, Carpenter, & 

Liszkowski, 2007). They use it flexibly: to request an object (imperatively), to share information 

(declaratively) and to request information (interrogatively) (Liszkowski, 2005; Southgate and 

Begus, 2012). There are good reasons to believe that these actions are intentional (i.e., non-

reflexive and motivated) and informative (Tomasello et al., 2007, Harris & Lane, 2014; 

Southgate, van Maanen, & Csibra, 2007). The way infants produce these communicative acts are 

discourse specific. For example, Begus and Southgate (2012) found that infants modulate the 

amount of interrogative pointing behavior in response to the differences in knowledgeability of 

their interlocutor. Sixteen-month-old infants produced more interrogative points in the presence 

of the reliable partner compared to an unreliable one.  

These behaviors show that infants can differentially reason about communicative partners to 

establish what information they can provide. Doing so requires the ability to entertain a state of 

affairs where the other person has access to different information content from the infant.  

Insofar as this mental content enters into intentional behavior, giving rise to actions like the just 

discussed cases of interrogative and declarative pointing, it has to be represented explicitly. After 

all, it makes no sense to interrogate information that is not assumed to be (possibly) represented 

by the conversational partner. Similarly, it makes no sense to share information without 

representing a state of affairs where the addressee comes to learn this information. This follows 

 90



from the premise that the goal of an action is logically and thus psychologically prior to 

representing how one performs it (Fodor, 2008). If we believe that communicative behaviors like 

interrogative pointing are goal directed acts, then it must be that the goal of that action must be 

represented in order to execute it.  

The main takeaway of the above discussion is that if we accept that infants’ communicative acts 

are informative and intentional it follows that they can attribute different information content to 

the participants of a discourse. That is, they can represent both themselves and their 

communicative partner as asymmetrically having or lacking some particular information. While 

this argument doesn’t show that the information is represented as “full blown propositional 

attitudes” it shows that both the entertained and attributed content have to be explicit and in a 

compatible format, at least to a degree that makes intentional communication possible . 6

4.4.3 (3) In order to index objects relative to the discourse infants are required to distinguish 

different discourse contexts. This, at a minimum requires infants to bind communicative acts to 

specific agents, and by extension bind referents to the respective communicators. Indeed, 

thirteen-month-old infants expect that a pointing gesture and a simultaneously provided label are 

co-referential only if they come from the same communicator but not if they are produced by two 

persons (Gliga & Csibra, 2009).  Around 12 and 14 months of age infants, after interactions with 

two distinct adults, understand an ambiguous request for an object as referring to the one that 

was already present in the corresponding discourse (Saylor & Ganea, 2007; Saylor, Ganea & 

Vázquez, 2011). There are also a variety of studies in the joint attention literature that show that 

 This argument doesn’t address false belief attribution. As common ground consists of beliefs shared by 6

the both participants, remembering attributed false beliefs are not required for maintaining it, at least on a 
purely definitional basis. Thus, removing some information from the common ground in some cases 
might create equivalent communicative outcomes as attributing a false belief. Removing the relevant 
belief from common ground in the Sally-Ann task (as opposed to attributing a false belief) could result in 
the same desire of communicating the correct location as not attributing any belief. On the other hand, 
when it comes to action prediction — the gold standard for measuring Theory of Mind — false belief 
attribution is required. If the main function of Theory of Mind is to help approximate common ground and 
make cooperative communication possible, it might not be surprising that infants and young children, 
while are able to attribute mental content, do not necessarily invest in attributing beliefs that happen to be 
false (cf. Leslie 2000).
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infants can assess the familiarity or novelty of a given object relative to previous shared 

experience with a communicative partner (Tomasello & Haberl, 2003; Moll & Tomasello, 2006). 

For example Moll & Tomasello (2007) found that 14-month-old infants interpret an excited 

ambiguous request as referring for to a novel object compared to the objects that were already 

present in their discourse.  

These results do not show that infants cannot have a kind-referring interpretation of a given 

communicative act (cf. Csibra & Gergely, 2011; Egyed, Kiraly, & Gergely, 2013). On the 

contrary, it seems to be the case quite often (Csibra & Gergely, 2009; Csibra & Shamshudeen, 

2015). A simple way to accommodate generic information to the current framework is to define it 

as information that can be assumed to be common ground across different discourse contexts: 

e.g., object valence (Egyed, Kiraly, & Gergely 2013) or labels for kinds (Gelman, 2009). It also 

seems possible that infants can encode discourse specific and discourse-generalizable 

information from a single event. In a study by Buresh and Woodward (2007), 13-month-old 

infants restricted their interpretation of a communicative reaching action to a particular agent 

while generalizing the novel label that was provided during the action across agents (cf. Kampis, 

Somogyi, Itakura & Kiraly, 2013). 

4.5 Challenges for an independent discourse based indexing system 

We cited evidence showing that infants can pick out communicative agents, and maintain object 

representations that are indexed in relation to the corresponding discourse context. We argued 

that there are empirical reasons to assume that infants construe or approximate common ground, 

as infants attribute asymmetric informational content to themselves and to other agents, 

demonstrated by their understanding and production of declarative and interrogative 

communicative acts. The behaviors that infants express generally reveal a sophisticated 

understanding of communication (Csibra, 2010; Tomasello, 2009). There are expansive research 

traditions probing adult semantic and pragmatic systems (for an overview see Heim & Kratzer, 

1998), but less on the computational mechanisms that are already in place in infancy (cf. Bohn & 
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Frank, 2019; Goodman & Frank, 2016). Postulating a discourse based indexing system in 

infancy seems beneficial from both an empirical and a theoretical perspective, and it results in 

new questions and puzzles. We want to briefly describe two challenges for future research. We 

should have a better understanding how infants construct and track discourse referents (1) and 

what the space of entities is that they can index (2). 

4.5.1 (1) The first explanatory challenge is to characterize how discourse referents are created 

and maintained. Under what conditions do infants create a novel discourse referent, and under 

what conditions can infants construe a communicative act as referring anaphorically, i.e., picking 

out something that is already present in the common ground? In the case of natural language as 

the medium, theories like FCS have rich linguistic data to hypothesize over. For example, the 

already mentioned definite/indefinite contrast was analyzed in various complex environments 

that resulted in better understanding of how they create and maintain indices within a linguistic 

discourse (Heim, 1982). Testing environments like these are not viable for our purposes, as 

infants lack the necessary verbal proficiency. But in order to acquire such linguistic apparatus, 

infants might already have to entertain the relevant notions conceptually, since without a system 

that keeps track of the referents that are present in the discourse, they would not be able to 

update their beliefs in relation to communicative acts in the first place. So how do infants do 

this? The few pieces of this puzzle that are available indicate that infants in some cases treat 

different noun phrases with different (head) nouns as referring disjointly (Xu, 2002 ), but not in 

others (Studies 2 & 3). Fitting well with the FCS, there is also evidence that under some 

conditions, novelty expressed by the interlocutor is construed as introducing a novel referent to 

the discourse (Haberl & Tomasello, 2003; Moll & Tomasello, 2006, 2007). In the next chapter 

we will try to make progress on this question by empirically assessing the relationship between 

spatial information and discourse information. 

4.5.2 (2) A second, closely related task is to characterize the conceptual space of the entities that 

can be construed as a possible discourse referent. That is, what types of secondary information 

can discourse referents bind? At a bare minimum, it seems that infants can treat communicative 
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acts as referring to particulars  (e.g. objects with or without kind description) and as referring to 7

kind concepts, expressing generalizable information. The kind relevant interpretations might help 

to explain why infants and children can take objects as exemplars of kinds in nonverbal 

communication (Csibra & Shamsudheen, 2015) or map words to concepts (e.g. Waxman & 

Gelman, 2009; 2010; Gelman, 2004, Yin and Csibra, 2015). Reference to kinds might also be 

fruitful in thinking of a variety of other phenomena, like treating object function as kind relevant 

in a communicative setting (Futó et al., 2010). At the same time when infants request an object 

by pointing to it, they probably do not request a kind concept but a particular, as concepts — as 

opposed to particulars — cannot be touched (mutatis mutandis for informing someone of the 

location of an object (Liszkowski et al., 2008)). How do infants know whether to take a 

communicative act as being about kinds or about entities in the absence of identifying cues from 

natural language? 

As a first stab at this problem, let us imagine that infants represent a taxonomy of communicative 

acts with attributed schemata that restricts the range of possible interpretations for a given 

discourse referent. This could be analogous to how the grammar of natural languages can 

constrain possible interpretations of referential expressions. The English utterance “dogs like 

treats” is constrained to a kind referring interpretation, where the discourse referent introduced 

by dogs does not invoke any particular dog, only the kind concept DOG. In contrast, the 

utterance “my dogs like treats” makes reference to particular dogs that one owns. The simple 

point here is that analyzing the whole utterance, rather than just the noun dog, can constrain the 

hypothesis space for picking the correct discourse referent . It remains to be worked out what 8

such a taxonomy of non-verbal communicative acts look like, and what information can be used 

by infants to identify the relevant taxonomical entry. But if this taxonomy includes categories 

like “labeling act” or “function demonstration”, these might help to constrain to possible 

 Particulars here are understood as entities in the world. Reference to particulars does not necessarily 7

involve picking out a unique entity. For example an imperative pointing request directed at a duck might 
be interpreted as request for the unique duck that was pointed to, or just for any duck. But under both 
notions it have to be understood as request for a particular.

 For an extended discussion of kind reference in natural language cf. Carson (1977) and Chierchia (1998)8
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interpretation of the discourse referent to kind concepts. Analogously, “requesting act" might also 

be a taxonomical entry, with the attributed rule that the request cannot be of a kind concept, 

helping to restrict the interpretation of the discourse referent to particulars.  

The learned or innate cues that infants use for understanding communicative acts is an open 

empirical question on any account of communication . A system that would put interpretative 9

constraints on non-verbal communicative acts is descriptive rather than explanatory, but the idea 

might help to create a more unified notion of early communicative understanding, as it provides 

a framework to analyze early biases for interpreting communicative acts as having kind-referring 

or episodic content. 

 A paradigm case for innate sensitivity to communicative acts might be ostension (Csibra, 2010). Another 9

taxonomical entity that might be available around the first year of life is possibly pretense (Leslie, 1987)
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Chapter 5 — Study 3: Individuating discourse referents  

In Chapter 4 we developed arguments why communicative acts can provide infants with indices 

that represent objects. We argued that these indices are grounded in the discourse rather than in 

the visual-encoding of the entities. In the current chapter we investigate how this discourse based 

indexing system functions in one-year-old infants. 

Our main focus is to assess how objects are individuated in distinct discourses and what 

properties contribute to the individuation process. The main issue is how referents from different 

discourse contexts can get unified. Because the indexing process is not based on infants first 

person knowledge but relative to particular discourses, it is an open question whether 

expectations of multiple contexts can get integrated. Can discourse bound indices get treated in a 

unified way, so that infants’ expectations are based on multiple contexts simultaneously? If there 

are two hidden objects in a scene, and evidence for the existence for each object is present only 

in one discourse, do infants’ expectations reflect information from both context (expecting two) 

objects? If we can answer this question affirmatively, that would mean that the relevant system 

of representation can individuate objects between discourse contexts and not only within a 

discourse. We test this question by manipulating the number of separate communicators (to 

operationalize separate discourses) that engage in referential communication with the infant to 

provide information about the presence of objects in the scene. 

Our second question relates to the encoding discourse-referents in physical space. Following the 

literature reviewed in Chapter 1, we argued that spatiotemporal object individuation is based on 

processes that visually index the objects (Spelke et al., 1995; Xu & Carey, 1996; Scholl & Leslie, 

1999). On the other hand, visual evidence is not necessary to encode objects at a location. 

Evidence from the literature on communicative gaze and pointing suggests that infants can 

represent discourse referents at a particular place (Csibra & Volein, 2008; Pätzold & Liszkowski, 

2019; Behne et al., 2005). We also cited evidence that implies that representing the location of an 
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object is not a necessary precondition for creating a discourse referent (Moll & Tomasello, 

2006). The best treatment of this pattern is to think of location information as a secondary 

property of discourse referents. We aim to test whether infants can use this secondary 

information not only to attach it to the objects (i.e., to encode their location), but also to 

individuate them without any direct visual evidence. That is, if referential communication is 

directed at different locations, do infants interpret them as index-creating acts? In order to test 

this question, we manipulate the number of cued locations that are present in the referential 

communicative setting. This manipulation also serves as a natural control to visual-index based 

encoding. If, contrary to our arguments in Chapters 1 & 4, infants create visual indices rather 

than discourse-bound ones in response to referential communication, then their expectations 

about the number of objects should be only influenced by the distinct locations that referential-

communicative acts highlight. 

To test these two interrelated questions we devised 3 hypotheses: 

1. If infants only treat object location as an individuating (primary) property, even without 

direct visual access to objects, then the number of cued locations should have an effect on 

infants’ expectations. Thus, according to Hypothesis 1, the number of represented objects 

should be determined by the number of cued locations in the scene, resulting in an 

expectation of 2 objects if there are 2 cued locations. 

2. In our model, referents in different discourses are indexed disjointly. If infants successfully 

integrate these indices, they should expect multiple objects if they encounter referential acts 

in distinct discourse contexts. The corresponding Hypothesis 2 predicts that the number of 

represented objects should be determined by the number of communicators in the scene. If 

there are 2 communicators, infants should expect 2 objects in the scene. 

3. According to the mixed Hypothesis 3, both of the above hypotheses are correct. Thus, the 

number of expected objects should be determined both by the number of cued locations and 
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the number of communicators. Infants should expect multiple objects if either the number of 

cued locations or the number of communicators are higher than 1.  

5.2 Experiment 1 

In Experiment 1we provided information about objects solely through referential 

communication, more precisely through gaze direction, pointing action and verbal cueing, 

without labels or direct visual access to the objects. We systematically manipulated the number 

of communicators (1 or 2) and the number of cued locations (1 or 2) and measured infants’ 

looking time to assess their expectations about the number of objects (1 or 2)  in the scene. This 

let us assess how information is integrated from different discourse contexts, and how 

spatiotemporal information modulates this process.  

5.2.1 Methods 

5.2.1.1 Participants 

We included 48 infants in the final sample. Their age ranged from 11 month and 13 days to 12 

month and 16 days. The mean age was 12 months exactly (SD = 8 days). A further 18 babies 

were tested but excluded from the sample: 1 for parental interference, 10 for fussiness, 7 for 

experimenter error. Of these 7 experimenter errors, 4 were errors were in the counterbalancing 

script, 3 in live coding. We did not have to exclude any infants due to other pre-specified 

exclusion criteria (see Coding below).  We recruited participants through the database of the 

Cognitive Devleopment Center at Central European University. All personal data were handled 

in accordance to the GDPR regulations. The study and the data protection measures were 

approved by the Hungarian United Ethical Review Committee for Research in Psychology 

(EPKEP). The parents did not receive any compensation for the participation, but infants were 

gifted small toys after the session. All parents signed a consent form before the study. 

5.2.1.2 Procedure 
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After infants arrived to the lab, they were familiarized with with the environment while the 

caregiver was introduced to the details of the study and signed the consent form. After this 

period, the testing took place in a dimly lit room, where the infants were seated in their parents’ 

lap roughly 80 cm away from a 24 inch flat screen monitor used for stimulus presentation. 

Parents were instructed to close their eyes during the study, and not to talk or interfere with the 

infant’s behavior other than keeping them in a sitting position. The experimenter controlled 

stimulus presentation and live coded looking behavior during test trials, where the duration of 

presentation was contingent on the infants’ gaze.  

In between consecutive trials, an attention-grabbing animation was presented to help infants re-

orient towards the screen. This animation consisted of colorful arrows presented centrally on a 

black background. In case infants did not look at the screen, the trials did not start but a short 

auditory stimulus (a ringing sound) was presented until they reoriented towards the screen. 

5.2.1.3 Design 

We adopted a 2X2X2 design with two within-subject and one between-subject independent 

variables (Figure 1A). The between-subject manipulation was the number of possible hiding 

locations (occluders) present. One group of infants were assigned to the two-location conditions, 

the other group to the one-location condition. The groups were assigned 24 infants each. The two 

within-subject independent variables were the number of communicators, and the number of 

objects at outcome. The number of communicators refers to the number of humans present and 

communicating to the infant in the demonstration phase of the test trials. In half of the trials two 

people were present, while in the other half only a single person was present. In the two-

communicator trials both people were communicating to the infant. At test, we presented infants 

with both one-object and two-object outcomes. Altogether, every infant was assigned to either 

the one-location or the two-location context, and was presented 4 test trials: 1 communicator and 

1 object; 1 communicator and 2 objects; 2 communicators and 1 object; and 2 communicators 2 

objects. These 4 test trials were presented in every possible order to achieve a fully 
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counterbalanced design. Our dependent measure was log-looking time (Csibra et al., 2016). 

Looking time measurement started at the moment the objects were revealed in the test trials. 

Before the test trials, infants also were presented with two introductory and two familiarization 

trials. In the two introductory trials, they were presented with each of the two communicators 

alone without the objects. In the two familiarization trials infants watched one- or two-object 

outcomes without communicators. The introductory trials always preceded the familiarization 

trials, but for both trial types the order of presentation was locally counterbalanced (independent 

of the counterbalancing of the experimental conditions). 

5.2.1.4 Materials 

The stimuli were presented as short video clips. In each clip, a desk with black barrier at the far 

end was the scene of the events. The occluders were placed on the desk in front of the barrier, 

while the communicators were sitting behind it. The communicators were trained actors who 

differed in gender and in a variety of other perceptible features. In the two-communicator 

conditions they were sitting next to each other, while in the one-communicator conditions they 

were seated at the center of the frame (Figure 5.1).  

In the two-location conditions, the occluders were placed at the opposite sides of the desk, while 

in the one location condition a larger occluder was placed centrally. The occluders moved by 

themselves. In the two-location conditions, they revealed the object by leaving the scene in a 

horizontal direction, while in the one-location conditions the occluder moved vertically, leaving 

towards the bottom of the screen. The occluders were orange colored, and had a brick-like 

pattern. They were created (and animated) during the post processing of the video clips. 

A red fabric-textured curtain, which hid the communicators was also animated and added in post-

processing phase. It never completely disappeared from the screen. It was either visible only at 

the very top of the screen, revealing the communicator(s), or it was lowered, so that in 

conjunction with the barrier it hid them. When the curtain was lowered its bottom edge was 
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considerably higher than the occluder(s) to make sure that they do not create a unitary occluding 

surface, which would allow for a single-occluder construal of the two-locations conditions. This 

also ensured that the communicators had no physically plausible ways of manipulating the 

objects, when hidden. 

During the outcome phase of the familiarization and test trials, 4 unfamiliar objects were 

presented, organized into two pairs (Figure 5.2). For every infant one of the two pairs was used 

for the familiarization trials, while the other pair was used in the test trials. The 4 objects differed 

substantially in shape, pattern and color, but roughly had the same size. 
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Figure 5.1 (A) Every infant was assigned to either the one or the two locations condition. The 

study started with 2 introductory trials (1) where both communicators greeted the infant. It was 

followed by 2 familiarization trials (2) revealing the possible number of objects at outcome. 

Finally 4 test trials were presented. (B) The test trials started with a demonstration that included 

2 referential actions each. These demonstrations were repeated quasi identically 3 times. A single 

participant saw all four possible test trials, where the number of communicators and the number 

of objects at outcome were varied orthogonally. 
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Figure 5.2. Object pairs in the study. Either (A) and (B) were used for familiarization and (C) 

and (D) for the test trials, or the other way around.  
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5.2.1.5 Introductory trials 

The purpose of these trials was to introduce both communicators to the participants before the 

test trials. The trials started by raising of the curtain, which revealed one of the two 

communicators. They greeted the infant by waving to them, and with uttering “Szia Baba!” (the 

Hungarian equivalent of “Hi Baby!”). After this greeting, the curtain was lowered again, to hide 

the communicator. The occluders were present, but they stayed stationery for the whole duration 

of the introductory trials. Trial length was 4.5 s and was not contingent on infants’ looking 

behavior. A second introductory trial was presented with the other communicator. 

5.2.1.6 Familiarization trials 

The familiarization trials had two main purposes: (1) to introduce the infants to the behavior and 

nature of the occluders, and (2) to familiarize them with the fact that either one or two objects are 

present at the scene. Both familiarization trials lasted a total of 12 seconds. At the starting frame 

of these trials the occluder(s) were present and the curtain was lowered. After 1 second, the 

occluder(s) left the screen revealing the object(s) for ~3 seconds, before returning to their starting 

position. These events were repeated 3 times, revealing the same outcome every time. The 

second familiarization trial was the same, but revealed the other outcome type (1 vs. 2 objects). 

In the two-locations/one-object outcome, the object’s location was counterbalanced across 

infants. The object pair that was used in familiarization trials were not used in the test trials. 

5.2.1.7 Test trials 

In the test trials we aimed to assess infants’ numerical expectations — as measured by their 

looking times to one or two object outcomes — in response to referential communication. In a 

particular trial, these communicative acts were performed by either one or two communicators, 

highlighting either one or two physical locations. Every trial started with the curtain raised, and 

the communicator(s) present. Their gaze was downward directed, not looking at any objects in 

the scene (3 s).  A communicator then looked in the camera greeted the infant by waving, and 

uttering “Szia Baba” (“Hi Baby!”).  
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Then they continued by saying “Nézd csak!” (“Look!”) and pointing behind an occluder (4 s). In 

the one–location conditions the pointing was always directed to single occluder present on the 

scene. In the two-communicators / two-locations condition, the pointing was directed towards the 

occluder closest to the communicator. In the one-communicator / two-locations conditions, the 

pointing was directed towards either one of the two possible occluders. The pointing lasted for 5 

seconds, with the communicator switching her/his gaze between the location and the viewer. 

After this, the communicator returned into their initial position directing their gaze away from 

the camera. This event was repeated, by the same person in the one-communicator conditions, 

and by the other person in the two-communicators conditions. Crucially for both the one-

communicator / two-locations and the two-communicators / two-locations conditions the second 

pointing act highlighted the second location. As a result, irrespective of the condition, every 

occluder-hidden location was referred to by a communicator, and every communicator present 

did engage in referential communication. In the one-communicator conditions, the communicator 

alternated between using their right and left hands for pointing, so that number of different 

actions are equalized with the two-communicators conditions at a perceptual level. 

These demonstrations (which included two instances of referential communication each) were 

repeated an additional two times, with minor modifications. In the repetitions the 

communicator(s) did not greet the infant but uttered new verbal frames. For the second 

presentation they used the phrase “Látod?” (“Can you see (it)?”). For the third presentation the 

utterance was “Figyelj!” (“Watch!”). Otherwise the structure of the repetitions were the same as 

the first demonstration. 

The demonstrations within the test trials took 54 seconds to complete. After this period the 

curtain was lowered (1 s) hiding the communicators (with a sound effect accompanying the 

event). After an additional 0.5 s the occluder(s) also left the screen revealing one or two objects 

as the outcome. In the one-object / two-location conditions the object was always present at the 

location last pointed to. After revealing the outcome the experimenter coded the infants’ looking 
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time live. Trials ended when the infant looked away for 2 seconds, or the maximum looking time 

(50 s) was reached. 

5.2.1.8 Coding 

All looking times were off-line coded by a hypothesis-blind trained research assistant on a 

frame-by-frame basis. We also coded how many of the 6 communicative acts the infants saw 

during the presentation. We planned to exclude infants who would see fewer than 4 acts in a 

given trial, but no infant had to be excluded for this reason. 

5.2.2 Results 

We analyzed the log-transformed looking times using a mixed-model 2x2x2 ANOVA with the 

number of locations being a between-subject factor, while the number of communicators and the 

outcome being within-subject variables. We found a strong three-way interaction between these 

factors (F(1,46) = 7.190, p = .010, η2 = .135). We found no two-way interactions, but a 

marginally significant main effect of outcome (F(1,46) = 3.889, p = .055, η2 = .078). 

Looking closer at the pattern of results of the untransformed looking times (Figure 5.3) we can 

see that in the two-communicator/one-location (one object: M = 8.56 s, SD = 9.64 s; two objects: 

M = 7.11 s, SD = 3.70 s) and the one-communicator/two-location condition (one object: M = 

10.96 s, SD = 7.79 s; two objects: M = 9.67 s, SD = 10.18 s) infants’ looking times were roughly 

equal for the two outcomes, while in the one-communicator/one-location (one object: M = 6.46 

s, SD = 3.98 s; two objects: M = 10.95 s, SD = 8.79 s) and two-communicator/two-location 

condition (one object: M = 7.12 s, SD = 5.79 s; two objects: M = 10.75 s, SD = 5.96 s) infants 

looked longer at the two-object outcome.  

To further explore this pattern, we conducted the two available 2x2 ANOVAs within the two 

groups of infants. We found that in the one-location group there was a marginal main effect of 

outcome, as infants looked longer at the two-object outcomes (F(1,23) = 4.164, p = .053, η2 = 
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.135), but there was no interaction between the factors. In the two-locations group there was a 

significant interaction between the number communicators and the outcomes (F(1,23) = 6.643, p 

= .017, η2 = .224), without any main effects. 

  

Comparing across groups (which differed in the number of occluders present) in the one-

communicator conditions, we found an interaction (F(1,46) = 5.405, p = .025, η2 = .105), as the 

infants looked longer at the two objects when only a single occluder were present. A similar 

analysis within the two-communicator conditions found a main effect of outcomes (F(1,46) = 

4.560, p = .038, η2 = .090), but the interaction did not to reach statistical significance (F(1,46) = 

2.799, p = .101, η2 = .057). 

Altogether, this complex pattern of results indicates that neither the number of communicators or 

the number of locations were uniquely predictive of the infants’ looking times for the different 

outcomes. But two distinct patterns of looking behavior can be identified. In pattern (a) 

conditions, the infants looked longer for the two-object outcomes than the one-object outcomes 

(one communicator/one location; two communicators/two locations), while in pattern (b) 

conditions the infants looked roughly equally at the two outcomes (one communicator/two 

locations; two communicators/one location). Pre-planned t-tests confirmed this analysis. In the 

pattern (a) conditions, the infants looked longer at two objects than one (t(23) = 2.417, p = .024 

in the one-communicator/one-location condition; t(23) = -2.099, p = .047 in the two-

communicator/two-location condition), while in pattern (b) conditions there was no difference 

(t(23) = 1.237, p = .229 in the one-communicator/two-location condition; t(23) = 0.375, p = .771 

in the two communicator/onelocation condition). 
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Figure 5.3. Infants’ looking times (s) to the different outcomes in Experiment 1. Bars marked 

with (1) represent one-object outcomes, and (2) represent two-object outcomes. Conditions (A) 

and (B) are from the one location group: (A) one communicator, (B) two communicators. 

Conditions (C) and (D) are from the two locations group: (C) one communicator, (D) two 

communicators. We found a three-way interaction between outcome, number of communicators, 

and number of cued locations (p = .010). Stars represent significant differences within conditions 

(p < .05). Error bars represent standard error of the mean. Statistical analyses were performed on 

log-transformed data. 
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5.2.3 Discussion  

Neither a purely location based (Hypothesis 1) or purely communicator based (Hypothesis 2) 

explanation of looking behavior will suffice to explain the data that we collected. The evidence 

also rules out Hypothesis 3: the one-location/one-communicator condition was not the only 

condition where infants were less surprised at a single object. On the other hand, the data shows 

that infants’ numerical expectations are dependent on both of our manipulations. In order to 

account for the obtained looking time pattern, we start by offering two possible explanations.  

Out of the four pre-planned t-tests that analyzed looking time differences within conditions, we 

found a significant difference in two: in the one-communicator / one-location condition and in 

the two-communicators/two-locations condition. The infants in these pattern (a) conditions 

looked longer at the two-object outcome compared to the one-object outcome. This difference 

changed in the pattern (b) conditions, where the infants looked roughly equally at the two 

outcomes. While it seems intuitive to account for these results as infants expecting one object in 

pattern (a) conditions, but not in pattern (b) conditions, we have to consider the possible baseline 

biases of looking behavior. 

There are theoretical reasons to believe that the one-communicator/one-location condition 

reflects infants’ baseline expectations. In that condition, infants did not have either 

spatiotemporal or communicative cues to generate numerical expectations of multiple objects. 

Methodological considerations also supports this view. It is frequently found in individuation 

studies that infants look longer at two objects than one in baseline conditions, arguably because 

of the increased perceptual complexity of the scene. If we take this condition as baseline, then we 

found successful individuation – as operationally defined by expecting two objects – in both 

pattern (b) conditions, but not in the other pattern (a) condition (two-communicators/two-

locations). This would imply that infants can use either of the presented individuation cues in 

isolation but fail to use them in conjunction. In plain English, infants would be able to 

individuate an “object here” versus an “object there”, and they would also be able to individuate 
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an “object she points to” versus an “object he points to”, but fail when they would need to use 

“the object here that she points to” versus “the object there that he points to”. This failure to use 

both cues in conjunction still requires an explanation. 

There is an alternative way of looking at infants’ behavior in Experiment 1. It is also possible 

that the similar looking times for one- and two-object outcomes are closer to infants’ baseline 

preferences (pattern (b)). Thus, these two conditions could be interpreted as infants’ failure of 

changing their numerical expectations based on the cues presented. If pattern (b) reflects baseline 

looking times, we would still need to account for the results in pattern (a) conditions. In these 

scenarios infants looked longer for two-object outcomes compared to one-object outcomes. This 

would mean that in these cases infants expect a (contextually) unique object. This pattern, while 

yet to be observed in individuation studies, is something that could fit well into the linguistics 

and philosophical literature on discourse referents. In different research traditions it is argued 

that pointing and natural language demonstratives pick out a unique referent (Kaplan, 1989). If in 

our experiment the infants expected that pointing implied a contextually unique referent, surprise 

at the two-object outcome in the one-communicator/one-location condition was justified. This 

explanation again fails to elegantly account for the two-communicators/two-location condition. 

We provided two possible explanations to account for the collected data. Based on infants’ 

baseline biases, our data can imply that they successfully individuated iff a single individuation 

cue was present, or that they expected a unique individual iff neither or both individuation cues 

were present. It is possible that both of these statements are true. Infants might have expected a 

unique individual in pattern (a) conditions, and expected two objects in pattern (b) conditions. It 

is unlikely that neither of these statements are true as infants numerical expectations changed 

depending on the presented cues. But, crucially, under either of these descriptions we lack an 

explanation for infants’ behavior in the two-communicators/two-locations condition. 
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To probe which of our two interpretations of the data is more likely to be correct, we ran a 

baseline experiment with the goal of removing all referential cues from the test trials. This could 

help us decide whether pattern (a) or pattern (b) looking time deviates from the baseline.   

5.3 Experiment 2 — Baseline 

This experiment intended to capture infants’ looking behavior to the displays that were presented 

in the main experiment, but without providing cues of referential communication. The study used 

the same procedure and materials as Experiment 1, with some changes in design and stimuli. 

5.3.1 Methods 

5.3.1.1 Participants 

Altogether 24 infants participated a study. Their mean age at testing was 12 months and 2 days 

(SD = 8 days). A further 5 infants were excluded from the sample (4 for fussiness, 1 for parental 

interference). 

5.3.1.2 Design 

We used a 2x2 within-subject design as no communicators were present in the baseline test trials. 

The two within-subject factors were outcome (1 or 2 objects revealed) and number of occluders 

(1 or 2 occluders present). In the two occluder/one object condition we counterbalanced the 

occluder that hid the object.  We used the same object pairs as in the main experiment, revealing 

the same objects in the same counterbalancing orders to achieve as high perceptual similarity 

with the outcomes as possible.  

By not having the communicators present at the test trials, we did not only remove referential 

communication from the design, but communication altogether. To address this issue, we inserted 
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one of our “introductory trial” type videos between consecutive test trials, flanked by the usual 

attention grabbers before and after. 

5.3.1.3 Introductory trials 

The introductory trials remained the same as in the main experiment, with the exception that no 

occluders were present anymore. 

5.3.1.4 Familiarization trials 

We changed the familiarization trials because we used the number of occluders as a within-

subject manipulation. We increased the number of familiarization trials to four, so that we could 

present infants with all four possible states: one occluder/one object; one occluder/two objects; 

two occluders/one object; two occluders/two objects. In order to achieve this, we also shortened 

these trials to 6.5 seconds each. The trials started with the occluder(s) present for 1 second. Then 

the occluder fell revealing the object(s) (2 s). The occluder(s) then were raised to the starting 

position hiding the object(s) for an additional 1.5 seconds. The object(s) was then revealed till 

the end of the trial ( 2 s). The quick pace of these trials ensured that infants keep attending 

through the four familiarization trials. 

5.3.1.5 Test trials 

These trials were almost identical to the last seconds of the test trials in Experiment 1. The 

curtain was lowered at the already at the first frame, and after 2 seconds delay, the occluder(s) 

left the screen, revealing the outcome. We added a sound effect that was used in the test trials of 

the main experiment (when the curtain fell) to the beginning of the trial. This way in the test trial 

there was no referential communication (or even agents) and we could measure infants’ baseline 

looking times to the same outcomes as in Experiment 1. 
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5.3.2 Results and Discussion 

We analyzed the log-transformed looking times with a 2x2 repeated measures ANOVA with  

outcome and number of locations as independent variables. We found no interaction and no main 

effects (Figure 5.4). This shows that infants in this experiment did not have a strong bias to look 

longer at two objects compared to one. Obviously, our baseline experiment differed in a variety 

of ways from the Experiment 1. Trials were considerably shorter as no demonstrations were 

included. No agents were present in the scene at all. A single infant witnessed both one- and two-

location outcomes. Though even as infants usually look at two objects longer in the baseline of 

individuation studies, it seems like that our stimuli did not induce such difference. 

This result suggests that in Experiment 1 the changes from baseline expectations were induced 

by the one communicator/one location and the two communicators/two locations conditions. In 

particular, infants in these conditions were prone to look longer for two objects rather than one, 

implying an expectation of a unique object 
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Figure 5.4. Baseline looking times (s) to one object (1) and two objects (2) outcomes. Error bars 

represent the standard error of the mean. 
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5.4 General discussion 

We started this chapter by asking how infants’ numerical expectations are modulated by different 

cues in ostensive-referential situations. We tested two possibly individuating information types: 

location and discourse, the latter one operationalized by separate communicative agents. We 

argued in previous chapters that location information, or more generally spatiotemporal 

properties are one of the earliest emerging individuation cues, probably processed in the visual 

system, but in the current study we only provided communicative information to encode such 

unformation. Empirical and theoretical considerations that unify a range of phenomenon in the 

infant literature on object individuation and referential communication led us to hypothesize 

about a further, communicator-based object individuation process (Chapter 4).  

We contrasted these two types of information in a paradigm that manipulated the number of 

communicators and the number of spatially separate locations. We put forward three hypotheses: 

object individuation based on location (H1), on the number of communicators (H2), or on either 

one (H3). We found that infants were sensitive to both spatiotemporal and communicator based 

cues, but not in the way predicted by the third hypothesis. After claiming that a low-level account 

would fail to explain these results, we offer three possible explanations that are compatible with 

the notion of discourse-bound indexing. The first two maintains that infants can integrate indices 

from disjoint contexts, but they differ in how they interpret infants’ looking time pattern. One 

claims that infants interpreted some communicative acts to build expectations of multiple 

objects, while the other claims that in some conditions infants built expectations of a unique 

individual. Finally we offer a third explanation that posits that infants fail to integrate indices 

from disjoint discourse contexts. 

5.4.1 Low-level explanations 

Notice that there seems to be no straightforward explanation that could account for all the results 

without appealing to discourse-relevant phenomena. There was no single perceptual feature 
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present (e.g., the number of occluders, the number of communicators, directionality of pointing 

acts) that were uniquely predictive of infants’ looking time pattern. We also do not have any 

reason to assume that infants employed visual-index based representations during 

familiarization. Before revealing the outcome, no objects were visible, and visual-indices require 

objects to track. On a richer interpretation of the concept of location-based indices (e.g., object 

files), some top-down mechanisms might create object representations inferentially that are still 

spatiotemporally indexed (cf. Scholl & Leslie, 1999; Xu, 2005; Carey, 2009). Still, infants did 

not always expect two objects when referential communication was directed to two locations, 

and object files by definition should always individuate based on spatiotemporal cues. There is 

perhaps a further version of object file theory, in which spatiotemporal continuity violations do 

not trigger individuation. But it is unclear whether that version of the theory could keep all the 

explanatory power over the phenomenon that it explains very well: the variety of tasks where 

infants do use the location of visually available objects for individuation. 

5.4.2 Explanation 1: Individuating objects between discourses 

A possible interpretation of our data is that infants build expectations of two objects based on 

either, but not both, types of information. This interpretation fits well with earlier individuation 

studies methodologically, and it is mostly consistent with the idea that infants can integrate 

information from different discourse contexts. A change from the one-communicator /one-

location condition to the one-communicator/two-location condition could imply that infants take 

into account the location of the object within a discourse context: if there is a novel referential 

act to a new location, a novel discourse referent is created. The two-communicator/one-location 

condition could be taken as evidence that, in case of separate discourses, individuation happens 

in each discourse context independently, but the two pieces of information are integrated. This 

would imply that, solely based on the the distinctness of the communicators, infants build 

expectations of two objects, even if the spatiotemporal evidence is insufficient for such a 

conclusion. The only result that would require further assessment is the two-communicator/two-
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location condition where the infants in Experiment 1 did not expect two objects, even though 

both cues were present. 

This failure might be due to a limit in working memory capacity. The infants in the two-

communicator/two-location condition of Experiment 1 might have tried to remember more than 

the 3 items in their working memory, which is the working memory limit of this age. One can 

argue that even if the infants had expected two objects, they might have been forced to keep four 

items in working memory: two agents and two objects. This is especially likely as, at some point 

of the trial, both agents and objects were simultaneously occluded. It is well established that at 

this age infants are prone to a catastrophic memory failure when they are trying to remember 

more than three items (Feigenson & Carey, 2005). While they do not completely forget about the 

existence of the items, they are not individually maintained anymore. The breakdown of 

performance might be attributed to a breakdown of working memory. This interpretation is 

testable by re-running the study without the curtain hiding the agents during test trials. 

5.4.3 Explanation 2: Expecting a unique object 

However, the baseline experiment (Experiment 2) points to an interpretation of the data where 

infants’ expectations were driven by other factors. It seems that infants expected a unique object 

if there was a single communicator and a single location, and if there were two communicators 

and two locations, while lacked this expectation in the other two cases. While we did not predict 

this outcome, uniqueness can be conceptualized well in a theory of communication. For example 

the idea that something is unique can be asserted in natural language: (eg. “there is only one ball 

behind the occluder”) and furthermore sometimes argued to be contentful part of definite noun 

phrases (Russel, 1905; Strawson, 1950). While it is unclear whether pointing acts can have a 

definite interpretation in infancy, later in life this interpretation is available, possibly even the 

default. Some natural languages like Russian and Polish do not necessitate the marking the 

definite/indefinite nature of a noun phrase, and it has been argued that in these ambiguous or 

unmarked cases speakers of these languages default to the definite interpretation (Dayal, 2004; 
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Simik & Demian, 2020). Also in sign languages pointing can be used to signal definite anaphoric 

reference, when signers point back to the same location where they introduced a novel discourse 

referent. Thus a pointing gesture might lose its discourse independent referentiality, but still 

maintain an anaphoric (definite) discourse referential reading (Schlenker, 2011). Altogether this 

explanation is theoretically more demanding, but has some support from the baseline experiment. 

Still, just as before it fails to account for infants’ behavior in the two-communicators / two-

locations condition. 

5.4.4 Explanation 3: Discourse-bound indices are not integrated 

Instead of the above explanations, we can try to describe the pattern of results from a solely 

discourse referential viewpoint, focusing on the assumption that index-creating communicative 

acts have a novelty requirement, and anaphoric communicative acts have a familiarity 

requirement (reviewed in Chapter 4) . If we take the results of the two-communicator/two-10

location condition at face value, we would conclude that infants are unable to integrate indices 

across discourse contexts. Theoretically this is easy to accommodate: any represented index has 

to be local to the specific discourse, as discourse-bound indexing is defined as indexing within 

the common ground of the given discourse. The two different communicative acts displayed by 

the two communicators could be construed as distinct from each other and thus novel from the 

infants’ first-person perspective. But if instead we analyze it from the perspective of either of the 

two discourses that infants supposedly maintained, in neither of the two contexts two novel 

index-creating action was presented. In each discourse a single action was repeated multiple 

times. Putting the pieces together, we can argue that because there was only a single (novel) 

communicative act within each discourse, there was no reason to create two indices in either. 

This would mean that infants can not integrate discourse referents from different contexts. We 

 Notice that for this interpretation we assume that the pattern was due to infants’ expectations of two 10

referents in the corresponding condition, rather than expectations of a unique referent in the other 
conditions. One benefit of this explanation is that the conclusions are not dependent on which of the two 
stances we take on the data. One could rephrase the same argument by appealing to the fact that a 
familiarity requirement for anaphoric reference to a unique entity was only met in in the one-
communicator/one-location and the two-communicator/two-location conditions.
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can easily extend this analysis to both of the one-communicator conditions. Infants in the one-

communicator/two-location condition successfully interpreted the second pointing act, directed 

at a novel location, to establish the existence of the novel index. In contrast in the one-

communicator/one-location condition the repeated pointing actions to the familiar location were 

not novel actions, and thus these did not result in novel indices. Finally, how did infants establish 

the presence of a two indices in the two-communicators/one location condition? According to 

this analysis, infants should have not expected two objects in this condition because different 

referential acts were presented between discourse contexts rather than within a single discourse. 

Still, they did. 

At this point we are forced to say that the successful index creation can only happen within a 

discourse. So to account for infants’ expectation of two objects in the two-commincators/one-

location condition, we are required to make an auxiliary assumption that infants established a 

single discourse context rather than two. This would mean, that our manipulation in this 

condition failed to succeed in creating separate discourses. But if we grant this assumption, we 

could then argue that the novelty requirement was met when the second communicator engaged 

in a novel index-creating communicative act within the shared discourse context, one that 

included both communicators. There are arguments in favor of this auxiliary assumption. In this 

condition (as opposed to the two-communicator/two-location condition) the communicators 

shared gaze direction as they were looking and pointing to the same location. This is cue that 

infants take into account in implicit ToM tasks (e.g. Onishi & Baillargeon, 2005). As beliefs are 

the main currency of establishing a common ground, having overlapping visual perspectives or 

beliefs might be highly relevant in establishing discourse boundaries. More generally, it is likely 

that establishing a discourse boundary is dependent on how third parties communicate with each 

other, and also on their attentional states (cf. Vouloumanos, Onishi, & Pogue, 2012; 

Vouloumanos, Martin & Onishi, 2014; Krehm, Onishi & Vouloumanos, 2014).  

This interpretation is also appealing as it is directly testable. We can derive the clear prediction 

that if infants construed of a single discourse in a scenario with two-communicators and two-
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locations, they would expect two objects. This could be operationalized by the two 

communicators talking to each other, and attending to the others’ gaze and pointing direction. In 

the same vein, if we could ensure that infants construed the two-communicator/one-location 

situation as two separate discourses, they should expect a single object. This is a harder to 

operationalize because it is unclear what cues infants use to establish separate discourses instead 

of a single discourse. One possibility is that if the two experimenters repeatedly swapped 

locations, only one of them being present for each communicative act, that would be sufficient to 

achieve this. 

5.4.5 Conclusions 

To sum up, the solely discourse referential description of the data fits well with the theoretical 

notion of discourse based indexing system, it is not inconsistent with available data, and provides 

novel predictions. Crucially, it assumes that our manipulation of eliciting multiple discourses 

failed in one condition. But establishing whether communicative agents belonged to the same 

discourse required further inferences about the relations between third parties and the context. 

The processes that might be responsible in establishing who is participating in a specific 

discourse context might be part of the complex and holistic problems of belief fixation (Fodor, 

2008) rather than the possibly encapsulated problems of indexing entities. 

Infants have a sophisticated understanding of communication. Our data in conjunction with the 

literature described in Chapter 4 demonstrate that interpretation of communicative reference go 

beyond simple mappings to and visual indices. 
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Chapter 6 – Discussion 

This dissertation aimed to examine how infants represent objects. More specifically, we were 

interested in how objects get tokenized as particulars. A key starting assumption was that 

representing objects as particulars requires a specific computational apparatus: an indexing 

system. While it is well-established that infants have an indexing system that utilizes visual 

evidence of objects, we argued throughout that there are empirical and theoretical reasons to 

believe that they might have further indexing systems. This hypothesis set the stage for our 

empirical studies. We began by probing for the potential interaction of distinct indexing systems 

in two individuation studies (Chapter 2 & 3). Having obtained partial support for our hypothesis, 

Chapter 4 proposed a novel theory of a second indexing system, linking it to communicative 

understanding. Chapter 5 was aimed to test predictions derived from this theory. In this chapter, 

we will summarize the main theoretical and empirical consequences of the findings from 

previous chapters, discuss an important limitation of the present investigation, and provide a set 

of open questions for further research. 

6.1 Representing particulars in vision and in communication 

We started out in Chapter 1 by following Pylyshyn’s insight (2006) that indexing entities is a 

precondition for entertaining structured representations of particulars. What this means is that in 

order to see, think, or talk about a particular entity, some internal mechanism has to represent it 

separately from all other entities. This mechanism, a system of indexing, can act as the basis for 

a variety of functions, including recognizing and creating representations of particulars, and 

providing an address to those particulars to which information can be bound. In order to fulfill 

these functions, the representational system has to be constrained in a way that the resulting 

indices are comparable and uniquely identifiable. We argued that to meet these requirements 

within a single indexing system, only indices of the same type and format should coexist. 
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Throughout, our main interest has been in the nature and architecture of this indexing process. 

Some well-known explanatory frameworks for how representations of a given type can be 

individuated are the visual-indexing theory (Pylyshyn, 2003), the object-file theory (Kahnemann 

et al., 1992), and the object-indexing theory (Scholl & Leslie, 1989). Though the technical details 

and implementations diverge, a core shared feature of these theories is that they all identify the 

spatiotemporal nature of the input as the main information source relevant for indexing. In 

general, they have explanatory power over a wide range of phenomena in infants’ behavior 

where perceptual and spatiotemporal information is available (Leslie et al., 1998; Scholl & 

Leslie, 1999; Carey, 2009). At the same time, we also reviewed a set of phenomena where visual-

index based representations do not seem to be sufficient to explain infants’ behavior: infants 

seem to be able to represent objects even in cases where they lose the visual index. This is what 

led to our hypothesis regarding the existence of further indexing systems beyond visual-

indexing. In particular, a variety of results show that in communicative contexts, infants 

seemingly disregard spatiotemporal information. We proposed that in these contexts, objects are 

indexed independently, and not in perceptual systems. 

Studies 1 & 2 tried to empirically assess this idea. In two individuation studies, we replicated 

previous results showing that infants can use spatiotemporal cues to posit the existence of 

multiple objects. In both studies, we ran further conditions where the objects were labeled in 

referential-communicative contexts. In these conditions, infants' expectations radically changed, 

as they seemingly did not use the same spatiotemporal cues to build expectations of the number 

of objects. Importantly, this performance did not improve when the labeling events included 

different nouns. This was markedly different from previous findings (Xu, 2002, Xu 2004). We 

interpreted these results as supporting the general idea of multiple individuation systems, and as 

suggestive evidence against the notion that sortal concepts necessarily mediate the process of 

individuation in communicative contexts. 
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What then mediates indexing in these communicative contexts? In Chapter 4 we took the adult 

communicative system as a starting point. Natural language makes available ways of discussing 

entities that are not dependent on perceptual evidence. We can talk about entities that exist only 

in the past or the future, or in some possible but not actual state of affairs, just to name a few of 

the relevant phenomena. Understanding and producing these communicative acts require a 

system where the relevant entities are represented and indexed. Similarly to visual indices, the 

system has to be able to fulfill a variety of functions, like recognition of already represented 

entities, creating novel representations, binding properties to the representations and reasoning 

about the entities. In natural language semantics, research on discourse representation explains 

these capacities by appealing to a discourse-bound system of indexing (Kamp. 1981; Heim, 

1982, 1983).  

Returning to infancy, we tried to assess whether this system of indexing could be applicable early 

in development.  One-year-old infants have a sophisticated understanding of communicative acts 

(Tomasello, 2009), and we argued in Chapter 4 that there are variety of theoretical and empirical 

reasons to assume that infants possess the necessary preconditions to entertain a  discourse-based 

indexing system. Infants recognize communicative partners, bind communicative acts to specific 

discourse participants, and establish/approximate a common ground in these discourse contexts. 

We also argued that the available evidence implies that communicative acts are sufficient to 

induce an expectation of an object, even when sortal or spatiotemporal information is not 

available. We took this to show that referential communication has an index creating function for 

infants. As a starting point on how indexing works in this system, we invoked File Change 

Semantics (Heim, 1982), a theory that uses notions of familiarity and novelty in order to 

distinguish between index-creating versus anaphoric communicative acts. 

In Chapter 5 we experimentally probed the idea that infants are equipped with such a discourse-

based indexing system. To do so, we tested whether infants can build referential expectations of 

multiple objects from multiple discourse contexts. We manipulated the number of distinct 

communicators (as a means to operationalize different discourse contexts) and the number of 

 123



locations that referential communication was directed at. The pattern of results that we obtained 

was complex and did not neatly fit any of our hypotheses. Our best interpretation of the findings 

is that infants failed to integrate indices from two disjoint communicative contexts. This 

underscores the idea that indices are bound to the discourse: if two communicators independently 

referred to distinct spatial locations, infants did not expect multiple objects. On the other hand, 

we also found evidence that within a discourse context, different sources of information like 

location, or the identity of speaker can modify infants’ numerical expectations. As an important 

caveat, note that this interpretation relies on a post-hoc auxiliary assumption. We needed to posit 

that the shared attention of two communicators to a single location can result in infants encoding 

them as part of a unitary discourse.  

6.2 Index creation in the discourse-bound system 

Altogether the reviewed empirical evidence and the studies we conducted support the idea that 

infants are equipped with multiple systems that can represent objects as particulars. More 

specifically, our proposal was that beyond the visual-indexing system, infants, like adults, 

entertain a discourse-bound system of indexing. Here we discuss some properties of that system. 

As we discussed before, indexing in a discourse is solely dependent on the interpretation of 

communicative acts. As a direct result of this, the perceptible properties of objects are not 

deterministically responsible for the creation of novel indices. This makes the resulting system 

capable of representing particulars without any perceptual access to them and even allows for the 

representation of ones that do not exist in the actual world (e.g., in counterfactual statements). 

On the flipside, the resulting system does not have any primary properties that could be defined 

extensionally. The discourse referent of “the cake” in the sentence “The cake that Mary never 

baked” does not exist in the actual world, and as such has no actual properties that could be used 

to separate it from the discourse referent of “the dog” in the sentence “The dog that Peter never 

had”. In the discourse, they still are indexed separately, allowing us to selectively attribute 
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information to them (for instance one could believe that the dog would bark (if it existed) but not 

the cake).  

If there are no extensionally defined primary properties, that leaves open the question of what 

information infants use to separate distinct indices. What is the minimal differentiating property 

between any two represented entities? Given there are no extensional properties that infants 

could rely on, the simplest solution is to assert that indices are solely separated by them being 

separate indices. Implementing this system using symbolic representations, we would require a 

list of symbols that can be in one-to-one correspondence with the discourse referents. 

Differences amongst the symbols would suffice as a basis for minimal differentiation between 

tokened entities. This crucially does not help to elucidate the nature of the information that 

compels the system to create indices in the first place. In natural language, the way the discourse 

referents are invoked can be marked, for example, with the definite / indefinite articles. These 

words can help the listener distinguish whether an entity under discussion is novel or familiar in 

the discourse, which in turn result determines whether or not a new index is created (Heim, 1982, 

2011).  

There is no straightforward way to apply the same reasoning to infancy, where it is less clear 

how non-verbal communicative acts could provide deterministic cues that mark the necessity of 

index creation. It seems likely that the specific interpretations that infants make are context 

dependent. For instance, if in some context infants cannot interpret a communicative act as 

referring to an already represented discourse referent, they create a new index. This is not 

particularly insightful. If there are no external properties that always distinguish entities that 

belong under indices and there are no communicative acts that are necessarily index creating, the 

claim that infants create a new index when they interpret a communicative act as introducing a 

novel entity, just puts all the exploratory burden on the process of interpretation.  

While we are not sure on how to make progress on the theoretical background of interpretative 

processes behind index creation in infancy, there is room for exploratory empirical research to 
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probe some characteristics of that system. In fact, the studies we presented can be analyzed in 

this framework. In studies 1 & 2 we found that the 10-month-old infants likely did not interpret 

the communicative acts (pointing and labeling to two visible objects) as two separate index 

creating actions, even in conditions where two different labels were used. Under this 

interpretation neither the kind information (indicated by the label) nor the direction of the 

pointing (pointing to different spatial locations) compelled infants to treat these actions as 

employing different indices. In contrast, we know from studies by Xu (2002) that 9-month-old 

infants can interpret two referential-communicate acts as referring to two objects if the two acts 

involve different labels. And the one-communicator/two-location condition of Study 3 can be 

described as evidence that 12-month-old infants can interpret two pointing actions directed at 

different locations, as referring to two distinct entities. Taken together, it seems that under some 

conditions infants use either location and kind information to interpret referential acts as novel 

and index-creating, while in other conditions they do not; an analysis that again provides limited 

insight, other than showing that these cues are not deterministic, but subject to contextual 

interpretation.  

The two studies where we found that infants did not expect multiple objects (Studies 1 & 2) 

differ from studies where they do. In these two studies infants had multiple sources of 

information at their disposal, as spatiotemporal information for the visual-indexing system was 

also available to individuate the objects. Is it possible that this visual evidence for two objects 

interfered with the discourse-based indexing of two entities? While we have no way to directly 

address this question without further experimentation, it highlights some underlying assumptions 

behind the present work that we have yet to explicate. 

6.3 Interface between indexing systems 

We have argued throughout the dissertation that, to account for infants’ behavior in a set of 

studies, the visual-indexing system (as understood by the literature) is insufficient, and that it is 

better described in a framework for discourse-based indexing. But these studies were not directly 
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measuring the number of discourse-based indices that infants employed. For obvious reasons, 

what we measured in all experiments, were responses to outcomes that presented information to 

the visual-indexing system: spatiotemporally distinct objects. Thus, in order to connect our 

measurements (e.g., looking times to different numbers of spatiotemporally distinct objects) to 

the theoretical construct of discourse-bound indices, we need further assumptions of how 

discourse referents are translated into expectations of perceptually available, spatiotemporally 

distinct entities. 

This is not only a methodological problem but a general one. Note that if we accept that the 

mechanisms for indexing objects/entities in perception and in discourse are largely independent, 

we need a further theory to to account for the indisputable fact that quite frequently we perceive 

the objects that we talk about. This means that we need some specification of the interface 

between the systems. How is between-systems coreference established? And what does 

establishing coreference computationally entail? These problems are far from trivial, as the 

relationship between visual indices and discourse referents in adulthood is not bijective.  

Visual indices operate on singular objects, while the domain of entities that discourse referents 

can take (at least for adults) is infinite and only constrained by our conceptual repertoire. Thus, 

the simplest and most desirable solution of positing that “every visual index have to be mapped 

to a single discourse referent and the other way around” is hopeless as a general purpose 

solution. Even if we only consider the overlapping domain of physical objects, a desirable 

bijective relationship does not hold. Discourse referents can pick out pluralities (“the ducks”), 

thus being mapped by multiple visual indices (surjective mapping). The displacement properties 

of communication also allow discourse referents not to be mapped by visual entities (like “Mom” 

when she is not around) resulting in injective mappings. Even more profoundly, the different 

discourse referents can be mapped by the same visual index (“a ball”, “a round object”, “a toy”) 

resulting in non-injective, non-surjective mappings. The fact that there could be no simple 

mapping functions to establish correspondence highlights the complexity of this interface 

problem. The required systemacity cannot be achieved without a rich archive of background 
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knowledge and contextual understanding. Mapping a visual object that have the perceptual 

features of a ball to a discourse referent like “the toy” prima facie requires the knowledge that 

balls are toys, implying that this process again is inferential.  

Taken together, there are no simple solutions for establishing correspondence between entities 

that visually indexed and entities that are indexed in the discourse. But until further progress is 

made on uncovering the computational processes that drive communicative interpretation in 

infancy, we still need a set of some assumptions on how these systems exchange information in 

order to make progress. We propose that this starting assumption can be characterized as a bias 

along the following lines: if not otherwise specified a discourse referent is mapped by a visual 

index. We can interpret some of the results we obtained in the view of this bias. Take the one-

communicator/one-location condition of Study 3. Infants looked longer at two-object outcomes 

compared to a single object, although in the familiarization no information specified whether the 

discourse referent picks out a plurality of spatiotemporally separate objects or not. Similarly, in 

the study by Xu (2002), where infants built expectations of two spatiotemporally distinct objects 

in response to utterances that included different nouns, positing this bias of mapping discourse 

referents to spatiotemporally separate entities is a necessary assumption in the current 

framework. 

The application of this bias would imply that infants try to establish an injective relationship 

between the two systems at hand. While they might be biased to map all discourse referents to 

distinct visual indices, they are not biased the to map distinct visual indices to distinct discourse-

referents. Maintaining a visual index does not compel infants to create a corresponding discourse 

representation, as shown by the studies in Chapter 2 & 3 where, in the labeling conditions, 

infants witnessed multiple visual objects but it did not generate expectations of multiple objects. 

On the other hand, we have good reasons to believe that the ceteris paribus clause we included 

when characterizing the bias is necessary. Infants can entertain discourse referents where the 

injective mapping to spatiotemporally separate entities does not hold. In a recent study we found 
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that 12-month-old infants can successfully learn that a complex noun phrase (including a head 

noun and a modifier/determiner) can refer to a plurality of objects rather than a single object 

(Pomiechowska, Brody, Teglas, & Kovacs, 2018). This again shows that positing an injective 

bias carries no explanatory power: It simply redescribes the way infants behaved in most 

previous studies, and provides an assumption that empirical research can build on. 

6.4 Conclusions 

We explored how infants around one year of life create and maintain representations of objects. 

We argued for a cognitive architecture where multiple indexing systems fulfill these functions 

with different internal structures. We provided converging evidence to the well-established idea 

that infants have a system that uses perceptual evidence for object indexing, where the creation 

of an object representation is based on the spatiotemporal information. We found that in 

communicative contexts, where the objects were labelled, the same visual information did not 

seem to guide infants’ expectations. Building on research in natural language semantics we 

proposed a novel system for indexing, one that represents entities in relation to a specific 

discourse. This dissertation leaves a variety questions open. In particular, we are in dire need of a 

predictive theory that could describe the interpretative system that infants use for encoding a 

referential communicative act as index-creating or anaphoric. Another open question is related to 

the interface between distinct systems of indexing, and how the mind establishes coreference 

between entities that are tokened in multiple systems. On the other hand, our notion of discourse-

bound indexing can not only increase our understanding of how objects are represented in 

infancy, but it can also provide a new framework to investigate fundamental issues in 

development. Characterizing a system that can represent entities that are not perceptually 

available is an important step towards understanding the displacement property of human 

thought and language. 
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