
The referential problem space revisited: an ecological 
hypothesis of the evolutionary and developmental origins of 
pointing

Article  (Accepted Version)

http://sro.sussex.ac.uk

Leavens, David A (2021) The referential problem space revisited: an ecological hypothesis of the 
evolutionary and developmental origins of pointing. Wiley Interdisciplinary Reviews: Cognitive 
Science. a1554 1-21. ISSN 1939-5078 

This version is available from Sussex Research Online: http://sro.sussex.ac.uk/id/eprint/96491/

This document is made available in accordance with publisher policies and may differ from the 
published  version or from the version of record. If you wish to cite this item you are advised to 
consult the publisher’s version. Please see the URL above for details on accessing the published 
version. 

Copyright and reuse: 
Sussex Research Online is a digital repository of the research output of the University.

Copyright and all moral rights to the version of the paper presented here belong to the individual 
author(s) and/or other copyright owners.  To the extent reasonable and practicable, the material 
made available in SRO has been checked for eligibility before being made available. 

Copies of full text items generally can be reproduced, displayed or performed and given to third 
parties in any format or medium for personal research or study, educational, or not-for-profit 
purposes without prior permission or charge, provided that the authors, title and full bibliographic 
details are credited, a hyperlink and/or URL is given for the original metadata page and the 
content is not changed in any way. 

http://sro.sussex.ac.uk/


1 

 

To appear in WIREs Cognitive Science 

 

 

 

 

 

Article Title:  The Referential Problem Space Revisited: An Ecological 

Hypothesis of the Evolutionary and Developmental Origins of Pointing 

 

First author 

David A. Leavens 

ORCID ID: 0000-0001-6538-4891 

School of Psychology 

University of Sussex 

United Kingdom 

Email: davidl@sussex.ac.uk 

 

 

Abstract 

Pointing by great apes poses a significant challenge to contemporary theories about the evolutionary 

and developmental foundations of cognitive development, because pointing has long been viewed 

by theoreticians as an evolved, human-unique developmental stepping-stone to linguistic reference.  

Although reports of pointing by great apes have existed in the scientific literature for over a century, 

only in recent decades has it become clear that ape pointing is definitely an intentionally 

communicative signal, by the same criteria we adjudge human pointing to be intentionally 

communicative.  Theoretical responses to this changed empirical landscape have generally taken the 

approach of asserting, without any direct evidence (indeed, in the absence of any possibility of direct 

evidence), that pointing by humans is psychologically distinct from and more cognitively complex 

than the pointing of apes.  It is commonplace in the contemporary literature to appeal to imaginary, 

species-unique causal factors to account for human pointing, rendering a large body of 

contemporary theoretical work untestable with scientific methods: scientific arguments require the 

public availability of core theoretical entities.   In this paper, I will analyse the circumstances of 

pointing by apes and humans and develop an alternative theoretical model of pointing that does not 

rely upon non-physical constructs.  According to the view espoused, here, pointing develops as a 

solution to a particular kind of developmental problem, characterised by (a) a developing capacity 

for tool use, (b) barriers to direct action, and (c) a history of caregiver responsiveness.  Pointing by 

both apes and humans is explicable without invoking imaginary, mental causes. 
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Pathways into the Referential Problem Space. Apes and humans display tool-using competencies 

by the end of the first year of life.  Humans (top pathway) are motorically slow to develop 

throughout infancy and subjected to culturally specific patterns of restraint.  In these conditions of 

endogenous and exogenous constraint, children apply their developing tool-using skills to the 

manipulation of their caregivers, including the use of pointing.  In contrast, great apes in the wild 

(bottom pathway) develop locomotor independence much earlier, before the onset of tool-using 

competency, and therefore almost never encounter a situation in which they can only access some 

entity with the help of another agent.  Captive apes (middle two pathways), by virtue of their 

ubiquitous containment by cash mesh and cage bars, are placed into the Referential Problem 

Space, and in this ecological context, pointing emerges.   

 

1. INTRODUCTION 

 The developmental and evolutionary origins of pointing behaviour are topics of considerable 

contemporary scientific focus (e.g., Cooperrider, Slotta, & Núñez, 2018; Krause, Udell, Leavens, & 

Skopos, 2018).  Pointing is the use of gesture to draw the attention of an observer to a particular 

entity in the shared perceptual or conceptual space.  Two extreme views exist on the origins of 

pointing: at one extreme, it is characterised as a human species-specific biological adaptation for 

definite reference (e.g., Butterworth, 2003; Tomasello, 2006), whereas at the other extreme, it is 

portrayed as a simple operant response, fully explicable with the well-established associative 

learning principles revealed by a century of research in psychology (e.g., Moore & Corkum, 1994).  
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Here, I will describe a middle-ground perspective on pointing: The Referential Problem Space (e.g., 

Leavens, 2004; Leavens, Hopkins, & Bard, 2005a).  The Referential Problem Space is a hypothetical 

influence of a particular set of environmental demand characteristics on the display of pointing by 

some animals, including humans.  Here, I will argue that—contrary to some other contemporary 

theoretical accounts of pointing—The Referential Problem Space is amenable to scientific 

verification.   

 

2. THE TELEMENTATIONAL MODEL 

 Much contemporary discourse on human communication is reliant upon a psychological 

process model that has two essential components: mental causality and mental representation.  

According to the mental causality perspective, behaviour is the outcome of invisible, hypothetical 

mental states that have no unique physical signature (e.g., Povinelli & Giambrone, 2001).  Thus, in a 

modern-day version of Molière’s (1673) Le Malade imaginaire, a state of ‘anger’ might ‘cause’ a 

person’s violent actions.  A ‘desire’ for a banana might ‘cause’ the search for, acquisition of, and 

consumption of that fruit.  A recognition of a ‘false belief’ in another might ‘cause’ a remedial or 

exploitative response.  In no case, in the terms of this model, is there any physical index of these 

hypothetical causes.   

 The mental causality framework, thus, presents significant explanatory challenges for 

scientists interested in behaviour, including communicative behaviour.  First, it is obviously 

impossible to unambiguously measure the putative causal entities for any behavioural response, 

when there is no unique physical index of that alleged causal entity (Leavens, Bard, & Hopkins, 2019; 

Povinelli & Giambrone, 2001), and this fact has been known to psychologists for many decades (e.g., 

Watson, 1913).  Notwithstanding that considerable contemporary psychological research claims to 

address mental states in humans and other animals, nevertheless, nobody has yet come close to 

charting the physical parameters of intentional and epistemic states.  Instead, patterns of behaviour 

are widely—and in the view promulgated here, illegitimately—claimed to constitute evidence for the 

causal effects of particular states of mind.  Yet, despite significant technological advances in in vivo 

brain imaging, in recent decades, nobody can describe intentions or epistemic beliefs in physical 

terms, without appeal to the behaviour patterns, along with their antecedents and sequelae, that 

supposedly index these mental events (Vanderwolf, 1998).  Mental states are wholly imaginary, like 

angels, daemons, sirens, and other fictional entities that allegedly cause or otherwise influence overt 

behaviour.   

 In language-using humans, linguistic responses are often construed as indices of the kinds of 

hidden psychological processes purported to underly these utterances (Grice, 1975).  For example, 

François and Rossetti (2020) rejected many traditional measures of theory of mind, which they argue 

can be accounted for by simpler discrimination learning histories (e.g., Level 1 perspective-taking—

discerning that what another sees is not congruent with what one, oneself sees), yet they retained 

some other measures as, in their view, valid indices of mental state processes (e.g., Level 2 

perspective-taking—describing what another can see).  Strikingly, all of the retained ‘legitimate’ (my 

term) measures of higher-order mental representation involved verbal responses or responses to 

verbal prompts (see their Table 1).   Thus, in their analysis of 23 different experimental protocols, 
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the eight purported ’true’ measures of theory of mind shared the common feature that the evidence 

provided was verbal in nature.  For example, one putatively true measure of theory of mind, in their 

account, is the ability to discern sarcasm.  Another allegedly true measure of theory of mind is the 

detection of a conversational faux-pas.  According to François and Rossetti, convincing evidence of 

mental state representation requires evidence that cannot be accounted for by classical or operant 

conditioning.  This stricture is an application of Morgan’s Canon (1894): ’In no case may we interpret 

an action as the outcome of the exercise of a higher psychical faculty, if it can be interpreted as the 

outcome of the exercise of one which stands lower in the psychological scale’ (p. 53).  Thomas 

(1998) has noted that, absent a universally agreed scale of ‘psychical faculties’, Morgan’s Canon has 

little utility: Morgan, himself, argued that ’the evidence now before us is not . . . sufficient to justify 

the hypothesis that any animals have reached that stage of mental evolution at which they are even 

incipiently rational’ (1894, p. 377).  Anticipating François and Rossetti by 126 years, Morgan 

portrayed humans as a special case; humans can (a) introspect and (b) with language, share their 

introspections with others, thus substantiating our intuitions about our mental processing with 

other language-using beings (see Costall, 1993, p. 119, for discussion).   

 Thus, there is a widespread assumption that the exercise of reason can be revealed through 

linguistic discourse.  Descartes (1637), for example, remarked that: 

 

For it is a very remarkable thing that there are no men, not even the insane, so dull and 

stupid that they cannot put words together in a manner to convey their thoughts. On 

the contrary, there is no other animal however perfect and fortunately situated it may 

be, that can do the same… even those men born deaf and dumb, lacking the organs 

which others make use of in speaking, and at least as badly off as the animals in this 

respect, usually invent for themselves some signs by which they make themselves 

understood  

 

François and Rossetti (2020), in arguing for linguistic evidence of higher-order mental-state 

reasoning, have recapitulated the Cartesian idea that language can serve as a veridical index of the 

processes described in discourse.  Their argument entails that, because animals and preverbal 

humans cannot display patterns of (linguistic) behaviour that are allegedly impossible under 

associative learning accounts, therefore ‘legitimate’ evidence for theory of mind exists in only a 

subset of one species of animal, among the 5 million or so animal species that exist: human beings 

with developed language skills. 

 Yet, those of us who use language to convey reasons for actions routinely describe 

implausible causes for our behaviour (e.g., Nisbett & Wilson, 1977), and culturally acquired, widely 

shared cosmological delusions are extremely prevalent in our species (e.g., beliefs in supernatural 

influences on behaviour).  As this article is being written, the world is grappling with a global 

pandemic of COVID-19. There are numerous reports of people succumbing to this disease as a 

consequence of a delusional belief that their spiritual practices would protect them from harm (e.g., 

Stone, 2020a,b).  For one example, a prominent religious leader in Louisiana, U.S.A., rebuffed 
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government advice to exercise social distancing, arguing that ’Satan and a virus will not stop us. God 

will shield us from all harm and sickness’ (quoted in Stone, 2020b), and subsequently denied reports 

that one of his parishioners had died of the disease.  Currently, numerous claims are being 

promulgated to the effect that the COVID-19 pandemic is being over-hyped by the news media 

under the baleful influence of Satan (e.g., Stone, 2020b), demonstrating that delusional beliefs about 

behavioural causation are normalised in large swathes of ordinary human discourse in contemporary 

Western cultures.  Despite efforts to characterise confabulations and delusions as pathologies (e.g., 

Kopelman, 2010), in fact, human beings are routinely subject to confirmation bias, confabulation, 

and delusion regarding the causal underpinnings of overt behaviour.  Bell, Raihani, & Wilkinson 

(2020) noted that ’there are many examples of how strongly held, affectively loaded, epistemically 

irrational beliefs can be reliably formed through social influence—demonstrating that adaptive social 

processes, rather than individual impairments in rationality, are sufficient to form delusion-like 

beliefs in cognitively intact people’ (p. 3), and they listed numerous examples.  Therefore, the 

capacity to make a verbal claim about the underlying causes of one’s own or another’s behaviour 

does not provide any objective evidence about these putative causes, in the absence of publicly 

available, objective confirmatory information (Baum, 2016; Nisbett & Wilson, 1977).  It is manifestly 

obvious that people produce narratives in which agents act for reasons, and that these reasons are 

unverifiable—it is just as impossible to objectively measure satanic influences on behaviour as it is to 

measure epistemic or intentional state influences on behaviour (e.g., Baum, 2016; Leavens et al., 

2019; Leavens, Hopkins, & Bard, 2008; Sehon, 2000; Thompson, 1994).  As Fenici and Zawidzki 

(2020) expressed it: ’the verbal practice of ascribing mental states does not say much about the 

alleged internal psychological reality of an agent’ (p. 10).  This inescapable constraint on the 

explication of behaviour has implications for how we understand pointing, as a communicative 

signal, in both humans and other animals. 

 Linguistic communication has been characterised in information-theoretic terms, as an 

engineering problem in signal transmission, involving particular processes—a message exists, it is 

encoded in a signal, that signal is transmitted through some medium to a receiver, who decodes the 

signal and is therefore able to reconstruct the original message (see Figure 1a).  For spoken 

language, this model has significant prima facie validity.  The order of events and processes is linear, 

and this reflects the linear nature of the speech stream.  In spoken English, if one wishes to discuss a 

cat on a mat, they must decide whether to introduce the cat or the mat, first, in the speech stream.  

Thus, a holistic tableau is parsed into a linear sequence.  The source of the message in this model—

why any particular message or why any other message is ‘irrelevant to the engineering problem’ 

(Shannon, 1949, p. 33, quoted in Leudar & Costall, 2009).  Thus, the information-theoretic model 

depicted in Figure 1 is a model of signal transmission, not meaning. 

 Leudar and Costall (2004, 2009) have cogently, if critically, summarised some philosophical 

approaches to meaning, and their summary is depicted in Figure 1b, in which certain psychological 

processes are substituted into the same model in Figure 1a.  According to this psychological process 

model, the signaller possesses mental states, the origins of which, like the message in Figure 1a, are 

unknown.  These mental states cause overt behaviour which is broadcast and interpreted, leading to 

a reconstruction of the original mental states by the receiver, through processes that are also 

currently unknown.  Leudar and Costall (2004) refer to this as the ‘telementational model’.  Like the 

signal transmission model in Figure 1a, there is a causal stream flowing from left to right, beginning 
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with the manifestation of a communicative motive in the mind of the signaller.  In the 

telementational model, like the signal transmission model, communicative motives are given, not 

something empirically discoverable.  Similarly, the processes of reconstruction of the original intent 

or epistemic state are unknown. 

 This basic, linear model has been adapted by a number of developmental psychologists to 

apply to the development of intentional communication in human children, with a particular 

emphasis on the development of pointing behaviour (e.g., Baron-Cohen, 1989; 1995; Mundy, 

Sigman, Ungerer,& Sherman, 1986, 1987; Rheingold, Hay, & West, 1976; Tomasello, 1995; 

Tomasello, Carpenter, & Liszkowski, 2007—reviewed by Leavens, 2018).  When human children 

 

 

Figure 1. (A) Information-theoretic model of signal transmission; (B) Telementational model of 

intentional/epistemic interpretation, based on the criticism of the telementational model by 

Leudar and Costall (2004). 

 

begin to point, near the end of the first year of life, they apparently point towards a number of 

different ends.  They may use pointing to demand delivery of an object or, more generally, to 

command another to act on the world for them in some way.  This is known as imperative pointing, 

and the theoretical interpretation is that this communicative motive is the developmental precursor 

of later linguistic imperatives (Bates, Camaioni, and Volterra, 1975—note that they termed this 

pattern of behaviour as a protoimperative, to emphasise its foundational status with respect to 

linguistic imperatives).  A second communicative motive is declarative-expressive (Tomasello et al., 

2007), and this form of pointing permits babies to share an emotional attitude about an entity or 

event in the shared perceptual space with an interlocuter, prior to speech.  A third communicative 
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motive is declarative-informative (Liszkowski, Carpenter, Striano, & Tomasello, 2006), in which 

children can point to inform somebody as to a location or episode of interest.   

 These three motivations constitute subsets of larger systems of communicative motivations 

developed by other researchers and philosophers (e.g., Austin, 1962; Searle, 1975; Skinner, 1957); 

however, it is nearly impossible to simply map across different terminologies for communicative 

motives, because different taxonomies of motivations to communicate entail incommensurate 

assumptions about psychological processing (Leavens, 2012).  Thus, Skinnerian approaches to 

communication appeal to the effects of response consequences on the maintenance of behaviour, 

whereas Searlean taxonomies of communication focus more on the objectives of the signaller.  The 

relevant entailments of the telementational model of psychological functioning to the present 

argument are that human babies are held to be able to discern and to attempt to manipulate the 

minds or mental contents of others.  It is my contention that this interpretation of the 

communication of children cannot be empirically verified, and therefore is of little to no scientific 

utility (Leavens, 2018; Leavens et al., 2008, 2019).   

 To briefly summarise the alleged cognitive pre-requisites of pointing, according to the 

telementational model of psychological processing: whereas pointing imperatively can be explicated 

in operant terms (the delivery of the requested food, toy, or other action directly rewards the 

communicative action), pointing declaratively, either to elicit emotional engagement (declarative-

expressive) or to inform another (declarative-informative), requires that the signaller apprehend 

that others have minds that can be influenced by information.  While this perspective currently 

enjoys significant influence in developmental psychology, there is a variety of different theoretical 

interpretations of infant pointing, ranging from operant conditioning (learning perspectives) through 

cognitive explanations (bifurcated representational views) to accounts of evolutionarily unique 

emotional/cognitive complexes (pointing as biological adaptation).  A brief review of this range of 

explanatory concepts is warranted, before turning to a description of the Referential Problem Space. 

 

3. Three Perspectives on the Developmental Origins of Pointing 

 3.1. Learning Perspectives on Pointing 

 In learning, or operant perspectives, such as the view elaborated, below, in Section 4, 

children use pointing to achieve particular ends (Bates et al., 1975, Moore & Corkum, 1994).  Thus, in 

the original formulation of Bates and her colleagues (1975), for whom infant nonverbal 

communication presages the communicative motivations later expressed in language, when children 

point imperatively, they are using a social agent as a means to obtain an object and, similarly, when 

children point declaratively, they are using the referent (the object or event pointed to) as a means 

to achieve a social reward (or, as Bates et al. put it: ’laughter, comment, smiles and eye contact’, 

1975, p. 216).  Moore and Corkum (1994) later observed that, contrary to the mainstream view of 

declarative gestures by infants as evidence for a nascent theory of mind, it might simply be the case 

that infants learn, through experience, that a ’point will tend to lead to an adult head turn and an 

interesting subsequent response from the adult’ (p. 362).  In fact, this precise expectation was 

confirmed by Liszkowski, Carpenter, Henning, Striano, and Tomasello (2004): they found that 12-
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month-old infants were apparently most satisfied (as indicated by their cessation of pointing) with 

an experimenter’s response to the children’s declarative points that included both (a) a head turn 

towards the referent and (b) a positively valenced affective response directed towards the child 

(compared to several other conditions lacking one or both of these two response components).  

Liszkowski and his colleagues (2004) interpreted their finding as a refutation of the claim by Moore 

and d’Entremont (2001) that babies point declaratively with the singular, exclusive goal of eliciting 

infant-directed affective behaviour—and, therefore, they contended that their findings served as a 

general refutation of learning accounts of pointing—but, apparently, they did not recognise that the 

infants’ response profile exactly fitted the slightly different, specific  prediction by Moore and 

Corkum (1994, p. 364).  Thus, Liszkowski et al. claimed to have refuted both Moore and Corkum 

(1994) and Moore and d’Entrement (2001) when, in fact, the pattern anticipated by Moore and 

Corkum, quoted above, is precisely what LIszkowski and his colleagues reported, thus confirming 

Moore and Corkum (1994) prediction of infants’ expectations of head turns and affective responses, 

while refuting Moore’s and d’Entrement’s (2001) prediction of infant-directed responses only.  To 

my knowledge, there is no compelling scientific evidence that human infants cannot learn to use a 

pointing gesture; in other words, there is no clear evidence that Western infants’ rearing 

environments are too impoverished to support the acquisition and/or maintenance of a pointing 

gesture through both classical and operant conditioning.  Moreover, there is no clear evidence that 

human babies can develop pointing gestures in the absence of months of exposure to language-

using communities.  Finally, there is no evidence that pointing requires any uniquely human 

cognitive capacities (indeed, pointing or comprehension of pointing has been reported in about 40 

vertebrate species: Krause et al., 2018, and most pointing emerges in great apes, in captivity, in the 

complete absence of any explicit training, e.g., Leavens & Hopkins, 1998).  As Franco (2005) 

observed: pointing developments 

 

do not take place in a social void, but are the results of hundreds of hours of social 

interaction between babies and caretakers. It is of course important to investigate the 

contribution of the adult to the process of developing joint attention in particular, and 

social cognition in general (pp. 160-161). 

 

 Hence, the fact that human infants point declaratively does not discriminate between 

operant theoretical (i.e., learning) interpretations (e.g., Moore & Corkum, 1994) and telementational 

interpretations (e.g., Liszkowski et al., 2004).  In summary, at the ages at which infants in Western 

cultures tend to begin producing pointing gestures (near the end of the first year of life), they are 

incapable of evincing any linguistically parallel evidence of the psychological bases of their signalling 

behaviour.  Therefore, as is the case for fully competent language users (see above), the 

psychological processes involved in human infant communication are not available for public 

scrutiny.  It is, thus, not possible to confidently assert that human children learn to point in much the 

same way they might later learn such things as, for example, how far away to stand from an 

interlocuter, or the most comfortable interpersonal distance in a queue.  However, learning-based 

approaches to the development of pointing have the distinct theoretical advantage that no species-
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unique, hypothetical, unverifiable psychological processes need be invoked to account for the 

development and maintenance of pointing as a communicative signal.  In Section 4, below, I will 

develop one learning-based model, which I call the Referential Problem Space, but, first, I will 

describe and critique a couple of prominent, alternative theoretical accounts of pointing. 

 

 3.2. Bifurcated Representational Accounts of Pointing 

 In bifurcated perspectives, separate psychological processes are proposed to account for the 

development of imperative and declarative pointing, respectively (e.g., Baron-Cohen, 1989, 1995; 

Mundy et al., 1986, 1987).  Imperative pointing is viewed as a potential operant that is acquired 

through either trial-and-error or observational learning and entails no awareness of others’ mental 

states by the signalling infant.  In contrast, declarative pointing is characterised as an application of a 

human species-specific understanding that others have minds, the contents of which can be 

manipulated (i.e., an awareness—albeit, not necessarily explicit—that others have their own, 

separate psychological relationships with the entities that surround the child and their 

interlocutors).  With only a handful of exceptions, most representational theoretical accounts of 

pointing development in humans fall into this category (exceptions would include, e.g., the 

’interrogative pointing’ described by Southgate, van Maanen, & Csibra, 2007; they posit that 

pointing is displayed by human infants due to their allegedly ’uniquely human’ (p. 729) motivation 

for learning about the world through interrogation; in their account, there is no deep functional 

cleavage between imperative and declarative pointing.) This classic dual-process model posits an 

operant process for the acquisition of imperative pointing and, depending on the source, either (a) a 

human species-unique cognitive adaptation for representing the contents of other minds (e.g., 

Baron-Cohen, 1989, 1995; Povinelli, Bering, & Giambrone, 2003; Tomasello et al., 2007) or (b) a 

human species-specific motivational adaptation for collaborative engagement (e.g., Tomasello & 

Carpenter, 2007) for the acquisition of declarative pointing.  Irrespective of whether it is a cognitive 

capacity or a motivation that is claimed to be species-specific to humans, this theoretical perspective 

lacks any direct empirical support and is, moreover, unfalsifiable, in principle (see reviews by 

Leavens, 2011, 2018; Leavens et al., 2019).   

 As noted in the Introduction, above, this theoretical strand has, in my opinion, little scientific 

utility, because there is no objective measure of key hypothetical processes, including a subject’s 

representations of others’ intentional or epistemic states (e.g., Barrett, 2015; Gómez, 2007; 2009; 

Leavens, Hostetter, Wesley, & Hopkins, 2004a; Leavens et al., 2019).  A central pillar of the claim 

that declarative pointing implicates a higher-level or more sophisticated psychological process than 

imperative pointing is the claim that, allegedly, humans’ nearest living relatives, the great apes, do 

not point declaratively, and that this is due to their inability to represent—and therefore their 

putative inability to form a desire to manipulate—the contents of other minds (e.g., Baron-Cohen, 

1989, 1995).  Children apparently point declaratively to some end, to elicit infant-directed affective 

responses (Bates et al., 1975; Liszkowski et al., 2004), and this poses a significant challenge to 

representational interpretations of declarative pointing—in general, once an interlocutor delivers 

infant-directed positive affect and acknowledgement of the referent of the point, then babies seem 

satisfied, as measured by their cessation of pointing.  In truth, pre-verbal children display no 
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unambiguous evidence of an understanding of others’ intentional or epistemic states.  All empirical 

evidence cited in support of this rich interpretation, to date, involve children discriminating between 

physically different states of the world—children discriminate, in their pointing behaviour, different 

physical conditions in which experimenters, for example, do or do not display infant-directed 

affective responses to the infants’ points, or experimenters do or do not gaze-follow the children’s 

declarative points (Leavens, 2011; 2012).  Older children, with more developed verbal skills, display 

no recognition in their verbal responses that others have perspectives and psychological stances that 

might differ from the child’s perspective until they attain their fifth year of life, in Western, 

postindustrial cultural contexts (Baron-Cohen, Leslie, & Frith, 1985; Lillard, 1999; Wellman, Cross, & 

Watson, 2001).  Thus, empirically, there is no impoverishment of the stimulus environment that 

requires the postulation of precocious representations of others’ utterly invisible mental states; that 

is, children can and do perceive the intentional acts of others, and can therefore directly perceive 

preparatory behaviour followed by actions on objects.  Theoretically, this is sufficient stimulation to 

permit infants to learn to discriminate the directedness of others’ actions without necessarily 

needing to posit hidden, mental reasons for these actions.  Moreover,  denying such precocious 

representations to preverbal children dissolves the apparent mystery of how preverbal children 

allegedly discriminate others’ false belief in their own gazing behaviour, by looking where a person 

might falsely believe an object to be hidden (e.g., Onishi & Baillargeon, 2005), but cannot verbally 

express this putative insight until well into their fifth years of life (see, e.g., Wellman et al., 2001, for 

discussion).  Concerning claims of infant discriminations of false beliefs, in a recent review published 

in the present journal, Barone and Gomila (2020) have developed a second-person perspective on 

mental attribution that they characterise as a non-propositional attribution of mentality to others; 

mentality, in this perspective, is transparent in the interactive patterns of babies and their 

caregivers.  As they put it, these ‘indirect false belief tasks’ that are administered to preverbal infants 

 

do not require the attribution of a belief state to pass the tasks. What is required is the 

ability to track the position and trajectory of the relevant object in the situation, and the 

gaze of the agent, and keep that integrated system of information active in working 

memory (p. 7). 

 

Similarly, Hutto (2007) noted that ‘[i]t is . . . false to say that without a capacity for folk psychology 

we would be bereft of any reliable means of interacting with others’ (pp. 44-45).  In summary, then, 

the evidence that children develop patterns of context-appropriate engagement with their 

caregivers before they can verbally express theories of mental functioning does not entail that 

children possess elaborate pre-speech theories of minds.  Like any other social mammal, human 

children develop expectations about how social interactions unfold, including interactions that 

include pointing gestures. 

 There are additional, systematic problems with the empirical record that is cited in support 

of representational models of declarative pointing.  First, the specific stimuli used to elicit pointing, 

and the distances between these stimuli and the infant participants, differ systematically in 

numerous experimental assays of infant communication.  For example, Franco and Butterworth 
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(1996) elicited declarative pointing with large, animated, planometric dolls set at a distance of 268 

cm. from babies strapped into a feeding chair, whereas imperative pointing was elicited by small 

toys on a platform placed ’just out of reach’ (p. 313) of the infants.  This general approach 

characterises the majority of scientific work in this area—use of large objects at a large distance to 

elicit declarative points and the use of small, highly manipulatable objects presented relatively 

closely, to elicit imperative points (see Table 1).  Again, we find that—far from identifying a 

precocious and preverbal capacity to read others’ minds--the typical experimental tasks used to 

elicit pointing gestures from human babies demonstrate only that the babies can discriminate, in 

their pointing behaviour, between physically different entities and contexts; that is, between small, 

easily grasped objects and larger, less easily gripped objects or between close and distant objects 

(Leavens, 2012).  Thus, there are experimental imperative contexts and experimental declarative 

contexts, these comprise systematically different states of the world, and Western babies, at about a 

year of age, can easily discriminate between these radically different circumstances.  None of this 

evidence can, in principle, identify infants’ representations of others’ invisible mental states as a 

factor in these well-established discriminations.   

 In addition, numerous researchers have noted that children with autism display less 

declarative pointing than do typically developing children, in a variety of experimental and 

observational contexts (e.g., Curcio, 1978; Mundy et al., 1986, 1987).  Baron-Cohen (e.g., 1989, 

1995) argued (in essence) that because children with autism lack a theory of mind and because they 

display significantly less declarative pointing than do typically developing children, therefore 

declarative pointing must be a sign of a kind of nascent theory of mind in children, even as young as 

a year of age—years before they actually pass false-belief tasks.  At that time, it was widely believed 

that great apes do not point declaratively, and therefore declarative pointing was interpreted to be 

an index of uniquely human cognitive ability.  According to the original model proposed by Bates and 

her colleagues (1975), children display declarative pointing in order to elicit infant-directed affective 

responses (p. 206); therefore, one plausible explanation, under learning-theoretic approaches, is 

that children with autism do not find those affective responses to be rewarding, and therefore do 

not seek to elicit them with pointing. 

 While it is widely believed that great apes do not point declaratively, in fact, this is not true.  

Declarative pointing has been reported in both captive and wild populations of great apes (e.g., 

Hobaiter, Leavens, & Byrne, 2014; Lyn, Greenfield, Savage-Rumbaugh, Gillespie-Lynch, & Hopkins, 

2011; Pedersen, Segerdahl, & Fields, 2009; Veà & Sabater-Pi, 1998; reviewed by Leavens & Bard, 

2011).  Considerable confusion exists about this fact, in the contemporary literature.  Call (2011), for 

example, noted in relation to claims of declarative communication by great apes that, nevertheless, 

the apes’ ’underlying motive remains unclear’ (p. 8).  This is true, but it is no less true for preverbal 

humans who, as we have seen, are incapable of evincing their underlying communicative motives 

when they point declaratively.  Again, if children eventually learn to point to effect a change in the 

physical and social streams of events in their daily lives, then they cannot know that their gestures 

are successful or unsuccessful unless something discernable to the senses (i.e., something physical) 

changes as a consequence of their signalling.  Thus, it is a general constraint in this area of research, 

that there is no objective way to discriminate between motives to (a) change another’s perception 

or epistemic status as indexed by physical changes in the communicative context or (b) physically 
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change the communicative context (e.g., to elicit more infant-directed affect; see Leavens et al., 

2004a).   

 Golinkoff (1986) examined how human infants negotiated episodes of failed communication 

between infants and their mothers, and, following Bates et al. (1975), identified perseveration in 

signalling as one tactic that human infants use in their communicative signalling, relating these 

tactical skills to the development of advanced goal-directed skills in human children, around the time 

of their first birthdays.  Absence of perseveration, thus, can be taken as evidence of satisfaction with 

the consequences of a signal.  This is the principle that Liszkowski and his colleagues (2004) applied 

in their demonstration that when experimenters looked at the targets to which the children had 

pointed, and then turned back to the children while displaying a positive affective response, the 

children refrained from persevering in their pointing behaviour; the babies were apparently satisfied 

with this response to their pointing, relative to the other experimentally manipulated response 

consequences in that study.  Leavens, Russell, and Hopkins (2005b) later applied this method to the 

communication of captive chimpanzees, demonstrating that chimpanzees ceased gesturing 

(including pointing) when experimenters delivered the food the animals were gesturing about, 

relative to other experimentally manipulated response consequences, and this finding was extended 

to orangutans (Pongo pygmaeus) by Cartmill and Byrne (2007).  Thus, cessation in signalling (or 

Apparently Satisfactory Outcomes, ASOs: Cartmill & Byrne, 2010; Hobaiter & Byrne, 2014) can be 

taken as an operationalisation of signallers’ communicative goals.  Here, I wish to make the point 

that apparently satisfactory outcomes—the cessation of signalling, the switching from 

communicative to consummatory or other non-communicative activity—is a powerful technique for 

objectively identifying ’goal-directedness’ in the communicative signalling of organisms.  When 

organisms orient towards—and attempt to orient others towards—particular elements in their 

environments, then these orientations constitute objective patterns of engagement, there is no 

logical need to posit that there is a kind of shadow realm in which completely ineffable entities such 

as ’goals’ interact with the physical realm and cause this orienting behaviour.  That pointing is 

manifestly ’about’ particular entities does not entail that the pointing organism is in the grip of, or 

somehow possessed by, invisible, hypothetical goals; goal-directedness is manifest in the organism-

environment interplay (e.g., Bard, 1992; Gómez, 2009). 
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Table 1 

Systematic differences in eliciting contexts of imperative and declarative points. 

DISTANCE 

   
Source Imperative Distance Declarative 

    

Franco & Butterworth (1996) Just out of reach < 2.68 meters 

Camaioni et al. (2004) 1.10 meters < 3.00 meters 

Vaughan van Hecke et al. (2007) Just out of reach < ’on walls’ (not specified) 

Cochet & Vauclair (2010) Just out of reach < 1.00 to 1.50 meters 

 

    
STIMULUS TYPE 

   
Source Imperative Size Declarative 

    

Franco & Butterworth (1996) Toy phone, musical toy < 

Large, planometric, 

animated mannequins 

Camaioni et al. (2004) Music box, wind-up car < Mobile (birds or airplanes) 

Vaughan van Hecke et al. (2007) Various handheld toys < , = Posters, distal toys 

Cochet & Vauclair (2010) Various handheld toys < Posters (drawings of faces) 

 

------------------------------------------------Please insert sidebar about here------------------------------------------ 

 

 3.3. Pointing as Biological Adaptation 

 Finally, not so long ago, pointing was viewed as a human specialism, with cognitive and 

anatomical aspects (e.g, Butterworth, 2003; Povinelli et al., 2003).  Povinelli and Davis (1994), for 

example, noted that the resting position of the index finger is proud of the remaining digits in most 

humans, but not in chimpanzees, when the forearm is held vertically in relaxed or anaesthetised 

subjects.  Povinelli and Davis suggested that this anatomical difference between humans and 

chimpanzees could serve as (a) a postural predisposition for index-finger extension during reaching 

that could be further shaped by the social environment into a species-typical pointing gestures, (b) a 

direct adaptation for pointing with the index finger, or (c) part of an anatomical complex involving 

both extension and flexion of the thumb and index finger, although—as they noted--their data do 

not discriminate the evolutionary basis for this anatomical difference.  Butterworth and Itakura (e.g., 

1998) reported that whereas young human children tended to increase their use of index-finger 
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points and precision grips in parallel, during development, in contrast, chimpanzees tend to rely 

predominantly on non-precision gripping.  Butterworth (e.g., 2003) believed that this anatomical 

transition to precision gripping and what he characterised as the more precise form of pointing with 

the index finger reflected a higher-resolution conceptual world in the human children, compared to 

chimpanzees.   

 Several lines of evidence exist that challenge this picture of index-finger pointing as a 

biological adaption for definite reference.  First, pointing with the index finger is not the universal, 

canonical manner of pointing in humans (Cooperrider et al., 2018; Enfield, 2001; Wilkins, 2003); 

many people point with their whole hands and with other extremities, such as the nose and lips.  

Therefore, the absence of a universal human reliance on pointing with the index finger argues 

against the idea of index-finger pointing as a biologically given adaptation, although it remains 

possible that index-finger pointing is a developmental universal in our species, which is differently 

shaped in different cultural contexts (e.g., Salomo & Liszkowski, 1993).  Second, among apes who 

have been highly enculturated (i.e., language-trained and home-raised apes), pointing with the index 

finger is their preferred manner of pointing (Call & Tomasello, 1994; Krause, 1997; Krause & Fouts, 

1997; Leavens & Hopkins, 1999; Leavens, Bard, & Hopkins, 2010), hence, the anatomical differences 

between human and other great ape hands do not inhibit index-finger pointing in great apes.  

Finally, congenitally blind children point at high frequencies, yet their pointing is predominantly with 

their whole hands (’palm points’), which suggests that the index-finger point in humans is a 

conventionalised, rather than biologically given deictic gesture (Iverson & Goldin-Meadow, 1997; 

Iverson, Tencer, Lany, & Goldin-Meadow, 2000). 

 

4. The Referential Problem Space 

 The Referential Problem Space is a psychological model of the ecological circumstances in 

which pointing is a developmentally useful skill; it is, thus, both a learning-based and ecologically-

oriented developmental model.  Psychological models that posit the role of an understanding of 

others’ mental states in the onset and development of pointing are scientifically untestable (Leavens 

et al., 2019; Vanderwolf, 1998).  There is no unambiguous evidence that any nonverbal or preverbal 

creatures are capable of representing the contents of others’ minds, including human children (i.e., 

there is no unassailable evidence that human children or any other organism possesses a precocious, 

pre-symbolic theory of mind: e.g., Leudar & Costall, 2004; Horschler, MacLean, & Santos, 2020).  

Developmentally, newborn humans do not display deictic behaviour, and in the populations that 

have been most studied--typically, but not exclusively, Western, postindustrial societies—pointing 

onsets typically occur well into the end of the first year of life and beyond (e.g., Leung and 

Rheingold, 1981; Salomo & Liszkowski, 2013).  Moreover, that pointing emerges in congenitally blind 

children shows that the gesture emerges in populations without access to visual perception, albeit 

they point in an unconventional, whole-handed fashion without explicit training to use the index 

finger; this demonstrates that developmental contexts lacking visual input are nevertheless 

sufficient to elicit pointing in young children (Iverson & Goldin-Meadow, 1997; Iverson et al., 2000).  

Therefore, there is no sense in which a poverty-of-the-stimulus (or poverty-of-the-environment) 

argument is necessary to account for the development of pointing in our own species—there is 
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plenty of opportunity to learn to point, for human children.  There also is no need to postulate any 

specialised learning or cognitive mechanism to account for the acquisition of pointing in our own 

species; well-understood principles of observational and individual learning can adequately account 

for the development of pointing in humans.  Human children are born into social contexts in which 

both verbal and nonverbal reference is taking place constantly—people refer to things with words, 

with looks, with points, and by many other means, such as overtly showing things to others (e.g., 

waving a handful of radishes just plucked from the garden); their rearing environments are rich in 

referential activities: human cultures are referential cultures.  Thus, not only is it the case that 

telementational models of mental causality are not amenable to public verification—a core 

requirement for any scientific activity—also, the development of human pointing does not pose any 

particular mystery that requires the positing of uniquely human learning capacities. 

 It follows from these considerations that a theoretical model of the development and 

evolution of pointing can be constructed without appeal to unverifiable, imaginary psychological 

processes.  If every parameter of a theoretical model of pointing has a physical existence—that is, if 

every relevant factor can be directly measured—then, in principle, one can develop an empirically 

testable model of pointing development, in humans and other animals.  This is the approach that we 

took when we discovered that apes display pointing behaviour, in 1994 (Leavens, Hopkins, & Bard, 

1996) and that, in fact, that pointing is commonplace in captive chimpanzees, meeting every 

objective criterion of intentional communication in preverbal humans (Leavens, 2004; Leavens & 

Hopkins, 1998; Leavens, Hopkins, & Thomas, 2004b; Leavens et al., 2005b).   

 The incidence of pointing among great apes varies dramatically and systematically with 

rearing history: there are vanishingly few reports of pointing among wild apes (Douglas & 

Moscovice, 2015; Hobaiter et al., 2014; Veà & Sabater-Pi, 1998), whereas, roughly, about half of 

institutionalised apes point (e.g., Leavens & Hopkins, 1998).  Remarkably, all apes who have been 

cross-fostered by humans (home-raised and language-trained apes) also point, and, moreover, when 

they point, they tend to prefer to point with their index fingers (reviewed by Leavens et al., 2010).  

Thus, great apes display extraordinary and systematic plasticity in both the incidence of pointing and 

the postures of the pointing hand, depending upon their early rearing history; this pattern suggests 

that the heritability of pointing among great apes is negligible (Leavens, 2004).  For great apes, 

pointing ranges from nearly absent to ubiquitous, depending upon early experience: there is no such 

thing as ’”pointing genes” or ”pointing gene complexes”’ in great apes (Leavens, 2004, p. 389). 

 Despite these substantial differences in the frequencies and forms of pointing across 

different groups of great apes, and significant differences in hand anatomy between humans and the 

other great apes, the pointing of humans and apes is remarkably similar.  Like human children 

(Golinkoff, 1986; Liszkowski et al., 2004), great apes point towards some particular ends (Leavens et 

al., 2005b); that is, there is an apparently satisfactory outcome to, or an apparent stopping rule for 

(Cartmill & Byrne, 2010; Hobaiter & Byrne, 2014) apes’ pointing gestures—a state of the world in 

which continuing to point is deemed unnecessary by the signaller.  Like human children (Franco & 

Butterworth, 1990), great apes point socially—they will not point to desirable, unreachable entities 

in the absence of a person who is in a position to retrieve that entity (Call & Tomasello, 1994; 

Leavens et al., 2004b).  Like human children (Lock, 2001), great apes are sensitive to the social 

constraints of gestural signalling—they adjust their communication to accommodate the attentional 



16 

 

status of an interlocutor, using auditory signals when an interlocutor is facing away from them, and 

using visual signals when the interlocutor is looking at them (Hopkins, Taglialatela, & Leavens, 2007; 

Hostetter, Cantero, & Hopkins, 2001; Leavens et al., 2004a; Leavens, Russell, & Hopkins, 2010).  Like 

human children (Bohn, Call, & Tomasello, 2015; Morford & Goldin-Meadow, 1997), great apes use 

pointing to communicate about absent entities (Bohn et al., 2015, 2016; Lyn, Russell, Leavens, Bard, 

Boysen, Schaeffer et al., 2014).  Like human children (van der Goot, Tomasello, & Liszkowski, 2014), 

great apes sometimes point to unreachable entities from a distance, relying on the gesture to 

achieve their apparently satisfactory outcomes, and also sometimes use their bodily positioning in 

proximity to an unreachable object to augment their pointing (Leavens, Reamer, Mareno, Russell, 

Wilson, Schapiro et al., 2015).  Like human children (Bates, Benigni, Bretherton, Camaioni, & 

Volterra, 1977; Desrochers, Morissette, & Ricard, 1995; Lempers, 1979); great apes alternate their 

gaze between the referent indicated and their interlocutors, integrating distant entities and 

interlocutors in manifestly triadic displays (Leavens & Hopkins, 1998; Leavens et al., 2004b, 2005b; 

reviewed by Leavens et al., 2008). 

 Therefore, when we first tried to account for why captivity has such global effects on the 

communicative habits of chimpanzees and other great apes, we looked to the environments of 

human children and the environments of captive apes, to determine which similarities they shared 

and how their environments might differ systematically from the environments of apes in the wild 

(Leavens et al., 1996; Leavens et al., 2004b, 2005a, 2008).  We identified three seemingly essential 

parameters: (a) a capacity for means-ends reasoning, (b) barriers to direct action, and (c) a history of 

caregiver responsiveness to signals.   

 Developmentally, human children develop means-ends reasoning at the end of the first year 

of life.  (Although frequently termed a ’reasoning’ process, in essence, this is a developmental 

progression in manipulative skill.)  The development of intentional communication has long been 

associated, in Western postindustrial samples, with the developmental transition from the use of 

tools to act on objects to the flexible use of tools to a variety of different ends (e.g., Bates et al., 

1975; Harding & Golinkoff, 1979; Sugarman, 1984).  Children, after about eight months of age, for 

example, will use a stick to bring something closer to their playpen, and this capacity is well-

demonstrated in the great apes, both in the wild, through their extractive foraging techniques (e.g., 

Boesch, 2012; Goodall, 1986) and in captivity (e.g., Köhler, 1925).  Thus, the use of gestures, 

including pointing, was long viewed as a kind of ’social tool use’ (Bard, 1990; Bates et al., 1975).  

When a child or an ape points to a distant object in an apparent request for the interlocutor to 

retrieve it, or act on it in some way, this is seen as being concordant with what we know about 

human development (human children rarely display pointing before about eight months of age) and 

the cognitive capacities of great apes (tool use—though quite surprising when discovered in 

chimpanzees in the 1960s—is now a well-established element in the foraging of wild great apes, and 

apes’ tool use in captivity has been well-studied at least since Darwin’s meeting with an orangutan 

named Jenny, in 1838—see van Whye & Kjærgaard, 2015).  Thus, at the ages at which human 

children begin to point, they display a relatively advanced capacity for the tool-mediated 

manipulation of their environments, and this cognitive capacity is shared by great apes and human 

infants.  As Gómez (2007) noted, ’[c]himpanzee pointing is at least as intelligent as their tool use is in 

the physical domain’ (p. 731).  Therefore, we surmised that pointing, when it emerges in both apes 

and humans, is displayed in sequences of intentional communication that are consonant with this 
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advanced manipulative cognitive stage of development (Bard, 1990; Gómez; 1990; Leavens et al., 

1996; Woodruff & Premack, 1979). 

 The second parameter is a barrier to direct action.  Children who point often point non-

communicatively, that is, as part of a solitary activity (Delgado, Gómez, & Sarriá, 2009; Rodríguez & 

Palacios, 2007), but we are concerned, here, with the social use of the gesture to transcend barriers.  

Human children are extremely altricial (slow) in their locomotor development, relative to other great 

apes, and therefore they have endogenous constraints on their ability to interact with many 

desirable entities that are placed out of their reach.  In addition, in most human cultures, including 

the Western cultures in which children’s pointing has been most intensively studied by scientists, it 

is customary to place infants in various restraints—cots, cribs, feeding chairs, backpacks, slings, car 

seats, and so forth.  Thus, human babies face a frequent, familiar problem: they are either 

intrinsically or extrinsically constrained in environments that are profligate with interesting, 

desirable entities that they cannot reach.  In this context, pointing emerges as a tool to manipulate 

others to act vicariously on the environment on behalf of the signalling child.  Similarly, when great 

apes are brought into captivity, or born and raised in captivity, they face a structurally similar 

problem space, what we call the Referential Problem Space: desirable entities are visible, but 

unreachable.  In this circumstance, pointing emerges in captive populations of great apes (Leavens & 

Hopkins, 1998).   

 Finally, the responsiveness of the receiver in these signalling episodes directly rewards and, 

thus, reinforces the pointing behaviour of the pointing individual.  We know from over a century of 

psychological inquiry that the specific schedule of reinforcement has well-understood effects on 

response frequencies, and responsiveness by interlocutors can maintain any given response, 

including pointing gestures, at high frequencies in the repertoires of young children and animals 

(and, of course, punishment or even mere indifference can reduce the frequency of any given 

response, including pointing; e.g., Wilkins, 2003).  Call and Rochat (1996) trained three orangutans to 

point in less than 40 minutes, each, with a simple operant training protocol in which finger 

extensions to ever further targets were rewarded with juice; this training required the responsive 

delivery of juice by the experimenters.  That pointing can be maintained in the repertoires of apes 

for long periods is demonstrated by the pointing behaviour of Chantek, a sign-language-trained 

orangutan, who already had pointing in his repertoire at the start of their study (Miles, 1990, also 

see Call & Tomasello, 1994).  Thus, although the overwhelming majority of great apes and human 

children acquire pointing in the absence of explicit training, these training studies do demonstrate 

that simple learning principles are sufficient to account for the maintenance of pointing.  The 

immediate consequences of pointing are important for understanding its maintenance, or 

otherwise, in the gestural repertoires of both apes and humans.   

 This general model is depicted in Figure 2.  According to this ecological-developmental 

model, great apes and human have a shared cognitive capacity to use tools to manipulate their 

environments, and it is this capacity that is invoked when characterising pointing as social tool use—

the use of an animate entity to act on the world (Bard, 1990).  It is evolutionarily given that human 

children, relative to our nearest living relatives, the great apes, are slow to development locomotor 

competency, which in our species is a multiphase, complex, years-long series of developmental 

changes to fully upright, bipedal walking (e.g., Adolph & Berger, 2005).  Importantly, human children 
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are still relatively immobile at the ages at which they tend to display means-ends reasoning, near the 

end of the first year of life.  Thus, pointing emerges in response to a Referential Problem Space that 

uniquely characterises human development, relative to other apes.  When great apes in the wild also 

attain advanced sensorimotor cognition, the ability to use tools, they already have substantial 

freedom of movement, and therefore only rarely encounter circumstances in which they are reliant 

on others to act on the world for them (Hobaiter et al., 2014).  When great apes are taken into 

captivity, they experience the Referential Problem Space, and pointing emerges in these populations 

(Leavens, 2004; Leavens et al., 1996, 2005a).   

 Captive environments vary substantially in numerous physical and social parameters across 

different captive great ape populations: from relatively austere, institutional settings, such as some 

biomedical research centres, where apes interact with people only sporadically through the day, to a 

diverse range of zoos and sanctuaries, in which captive apes typically have relatively more daily 

contact with people, but little experience engaged in joint activities with these people.  In contrast, 

certain research centres are devoted to the study of cognition and other behaviour in great apes, 

and these animals might spend hours per day interacting with people around certain tasks.  

Language research centres, in which apes are taught the use of symbols, probably represent the 

highest levels of ape-human joint engagement (Bard & Leavens, 2014; Call & Tomasello, 1996; 

Leavens & Bard, 2011; Racine, Leavens, Susswein, & Wereha, 2008).  The significance of these 

differences in quality and quantity of ape-human interactions in captivity is that these engagements 

are opportunities for learning.  A human child, in virtually any culture, occupies an environment rich 

in referential behaviour: people talk and gesticulate about things all of the time.  As noted above, 

strikingly, 100% of captive apes who occupy these richly enculturating environments (i.e., language-

trained and some home-raised apes) point and, moreover, they prefer to point with their index 

fingers, in accordance with the Western cultural practices of their keepers (Leavens et al., 2010).  

Great apes who have been subject to language-training are also exposed to richly referential 

environments, in which symbols are being used at high frequencies by people who are invested in 

making symbols transparent to their subjects.  Testing protocols typically involve apes pointing out 

the target referent among an array of foils (e.g., Kellogg & Kellogg, 1933; Gardner & Gardner, 1969; 

Rumbaugh, 1977—see Hillix & Rumbaugh, 2004, for review).  Language-trained apes, 100% of whom 

point, experience a level of responsiveness by their caregivers to their pointing gestures that is 

unparalleled in other captive environments.   

 Captive apes in institutional settings do not point nearly as frequently as enculturated apes, 

and when they point, they are much less likely to display conventional, index-finger points, typically 

preferring to point with their whole hands (Leavens & Hopkins, 1999).  Thus, pointing is maintained 

by response consequences to markedly different degrees across these different captive rearing 

environments which vary systematically in the frequencies of opportunities for caregivers to offer 
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Figure 2. Pathways into the Referential Problem Space.  Four pathways into the Referential 

Problem Space. Apes and humans display tool-using competencies by the end of the first year of 

life.  Humans (top pathway) are motorically slow to develop throughout infancy and subjected to 

culturally specific patterns of restraint.  In these conditions of endogenous and exogenous 

constraint, children apply their developing tool-using skills to the manipulation of their caregivers, 

including the use of pointing.  In contrast, great apes in the wild (bottom pathway) develop 

locomotor independence much earlier, before the onset of tool-using competency, and therefore 

almost never encounter a situation in which they can only access some entity with the help of 

another agent.  Captive apes (middle two pathways), by virtue of their ubiquitous containment by 

cash mesh and cage bars, are placed into the Referential Problem Space, and in this ecological 

context, pointing emerges.   

 

social consequences to ape gestures.  This is precisely the pattern one would expect if pointing is 

subject to variation in individual learning experiences—the greater the exposure of apes to human 

engagement, the greater the number of opportunities for animals to be rewarded for successfully 

deploying pointing, in accordance with long-established psychological principles of behavioural 

expression.  Note that this perspective on the origins and maintenance of pointing in great apes is 

not a general model for gesture origins in these species, but an account of how pointing, long 

considered a hallmark of human communication, emerges so easily in our nearest living relatives (for 

a range of theoretical discussion on the origins of gestures, per se: see, e.g., Bard, Maguire-Herring, 

Tomonaga, & Matsuzawa, 2019; Byrne, Cartmill, Genty, Graham, Hobaiter, & Tanner, 2017; Call & 

Tomasello, 2007; Fröhlich & van Schaik, 2020).  The essential point, here, is that pointing by great 

apes is massively variable in its incidence in different populations of great apes, and this variability 

cannot be explained by appeal to genetic variance, because wild apes, who almost never point, and 

captive apes, who frequently point, are all sampled from the same gene pools (Leavens, 2004; 

Leavens et al., 2010). 
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5. Strengths and Predictions of the Referential Problem Space Model 

 In contrast to the Bifurcated Representational and the Biological Adaptation accounts of 

pointing, the Referential Problem Space model easily accounts for each of the following six empirical 

aspects of pointing (see Table 2): (a) the late onset of pointing in our species, (b) the cultural  

 

Table 2.  Comparison of different theoretical models in accounting for global empirical patterns of 

pointing in apes and humans 

 

Notes: ’+’ indicates that the phenomenon does not challenge the theoretical approach, ’-’ indicates 

that the theoretical approach is significantly challenged.  See text for elaborations of the Referential 

Problem Space, Bifurcated Representational, Biological Adaptation interpretations of pointing. 

 

variation in the forms of pointing among humans, (c) the wide variation in the forms of pointing by 

captive apes, and it explains why pointing is (d) rare in wild apes, (e) commonplace in 

institutionalised apes, and (f) ubiquitous in enculturated (language-trained or home-raised) apes.  

Only the Referential Problem Space model, with its appeal to constructivist foundations and 

standard associative learning processes, effectively accounts for the late onset of pointing in our 

species; neither the Bifurcated Representational nor the Biological Adaptation models explicitly 

account for the late onset of pointing by direct appeal to developmental learning prerequisites.  

Both the Bifurcated Representational approach and the Biological Adaptation perspective can 

account for cultural variability in pointing by positing that pointing with the fingers is a human 

universal, but subject to different cultural shaping influences, suppressed in some cultures, fostered 

in others, in a similar fashion to how left-handedness has been variously subject to different shaping 

influences across different human cultures (e.g., Kushner, 2011).  Regarding the overwhelming 

preference for pointing with the index finger displayed by enculturated apes, again, The Referential 

Problem Space model easily accounts for this difference by appeal to the differences in the 

environments between institutionalised and enculturated apes; the former are rarely called upon to 

indicate one entity among an array of items, whereas the latter frequently are called upon to make 

these fine spatial distinctions (see also Call and Tomasello, 1994).   

 

Referential Problem 

Space 

Bifurcated 

Representational 

Biological 

Adaptation 

Late developmental onset + - - 

Variation in form (humans) + + + 

Variation in form (apes) + + - 

Rare in wild apes + - - 

Common in captive apes + - - 

Ubiquitous in enculturated apes + - - 
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 Regarding the differences in the incidences of pointing, Biological Adaptation models require 

that ape pointing is absent, whereas the Bifurcated Representational models can accommodate 

imperative, but not declarative pointing by wild apes; yet, both Veà & Sabater-Pi (1998) and 

Hobaiter et al. (2014) reported declarative points by, respectively, a bonobo and a chimpanzee, thus 

falsifying one of the core assumptions of the Bifurcated Representational Models, the assumption 

that declarative pointing requires uniquely human cognitive adaptations.  Regarding pointing by 

captive apes, both institutionalised and enculturated, again, the Biological Adaptation models 

require its absence, whereas the Bifurcated Representational models permit imperative pointing, 

but are challenged by declarative pointing (e.g., Lyn et al., 2011; Pedersen et al., 2009; see review by 

Leavens & Bard, 2011).  From the perspective of the Referential Problem Space model, the 

imperative-declarative distinction is miscast as springing from two fundamentally different cognitive 

processes—both kinds of pointing represent social tool use through an application of means-ends 

reasoning.  In the case of imperative pointing, social agents are used as means to achieve desired 

objects, whereas, in the case of declarative pointing, entities are used as means to elicit infant-

directed social engagement (laughter, smiles, etc.—see Bates et al., 1975, esp. p. 216).  Moreover, 

this is the only model that requires the specific pattern observed: pointing in the wild is rare, but not 

wholly absent—where the circumstances comprising the referential problem space exist, pointing 

will be found, as reported by Hobaiter and her colleagues (2014).  The difference in pointing 

frequencies between institutionalised and enculturated apes are simply explained by the relative 

difference in learning opportunities between denizens of these different captive rearing 

environments.  Bard (personal communication) reports a mean of about 4 minutes of daily, positive 

face-to-face interaction between captive apes and caregivers in an institutional setting, whereas 

enculturated apes typically spend many hours per day in engagement with humans; thus, 

institutionalised apes experience far fewer opportunities for maintenance of pointing in their 

repertoires, relative to enculturated apes. 

 Moreover, unlike core attributes of other models of pointing origins, these parameters are 

objectively measurable aspects of the organism-environment interface; their presence or absence 

can be objectively determined, and in the case of barriers and caregiver responses, they can be 

experimentally manipulated (e.g., Cartmill & Byrne, 2007; Clark & Leavens, 2019; Clark, Flack, & 

Leavens, 2020; Hopkins et al., 2007; Leavens et al., 2005; Liszkowski et al., 2004), with sometimes 

surprising results.  For example, a simple imposition of a barrier in a standard object choice task with 

human 18- and 36-month-olds rendered the result that the younger infants were more likely to rely 

on communicative signalling to indicate the location of a hidden object than the older preschoolers 

(Clark et al., 2020); according to the Bifurcated Representational approach, the relatively reduced 

use of communication by the older children indicates the developmental loss of an appreciation of 

psychological common ground somewhere between 18 months and 36 months of age (see van der 

Goot et al., 2014), which is an implausible interpretation. 

   The Referential Problem Space approach to understanding the evolution and development 

of pointing is not significantly challenged by most of the major patterns of its distribution and use, in 

both humans and great apes.  This is not the only theoretical model to eschew a precocious theory 

of mind capacity in preverbal humans to account for pointing development: among others, Gómez 

(e.g., 2007, 2009) has long argued that pointing motivations are not accessible to objective 

observers, and Racine and his colleagues (e.g., Racine & Carpendale, 2007; Racine et al., 2008) argue 
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that descriptions of human infants’ overt behaviour (what they do) cannot, in principle, unveil why 

or how they do it (the underlying hypothetical motivations or cognitive processes).  The Referential 

Problem Space essentially boils down to the claim that whenever the environment provides a both 

the need and efficacy for deictic signalling, then pointing will emerge.  A recent systematic review 

confirms that pointing is widely, if somewhat patchily distributed among diverse vertebrate species 

(Krause et al., 2018), confirming a key prediction of the Referential Problem Space model. 

Sidebar title: Declarative Pointing is Cognitively Simple 

There is a widespread belief that declarative pointing is cognitively more sophisticated than 

imperative pointing (Baron-Cohen, 1989; Mundy et al., 1986; Tomasello et al., 2007).  It is frequently 

reported that the onset of declarative pointing correlates more strongly than imperative pointing 

with later language acquisition (e.g., Colonnesi, Stams, Koster, & Noom, 2010), but it could simply be 

that imperative pointing elicits less linguistic information from caregivers than declarative pointing.  

Bates and her colleagues (1975) identified a developmental sequence: exhibition of self, showing of 

objects, offering of objects, culminating, at about 12 months of age, with declarative pointing.  

Exhibition of self is commonplace among great apes—they will draw somebody’s attention to an 

injury (personal observation), or indicate where they want to be tickled (Bard et al., 2019), or draw 

attention to particular parts of their bodies during grooming interactions (Pika & Mitani, 2006).  

Showing, offering, and declarative pointing have all been reported in systematic studies of ape 

communication (e.g., Hyatt & Hopkins, 1998; Lyn et al., 2011; Russell, Bard, & Adamson, 1996); thus, 

declarative communication is characteristic of apes.  Cochet, Jover, Rizzo, and Vauclair (2017) found 

no significant relationship between declarative-expressive pointing and the development of theory-

of-mind capacities in 3- to 4-year-old children.  The idea that declarative pointing indicates that the 

signaller is representing the contents of others’ minds is unverifiable—there is nothing that an 

observer can objectively measure to confirm or disconfirm the hypothesis that a creature represents 

others’ minds while they point (Leavens et al., 2019).  

 

Conclusion 

 With shared symbols, language-using humans can easily refer an interlocutor to nearby 

entities, absent entities, and even—perhaps especially—completely imaginary entities, such as 

daemons, angels, gods, devils, unicorns, intentions, and beliefs.  Before humans can communicate 

with language, they develop tactics for what many refer to as ’nonverbal reference’; the ability to 

capture and direct the attention of an interlocutor to a specific focus in the immediate or nearby 

environment (Franco & Butterworth, 1996).  While, for many years, pointing was viewed as a 

uniquely human gesture for definite reference that developmentally scaffolds later linguistic 

reference, and therefore evolved for that purpose (e.g,, Butterworth, 2003), in fact, reports of 

pointing by apes date back over a century (Furness, 1916; Witmer, 1909—reviewed by Leavens & 

Bard, 2011).  Systematic studies of pointing by apes over the last 30 years demonstrate that 

pointing by apes is extraordinarily malleable in the face of environmental variation (e.g., Leavens 

et al., 2010).  Pointing is almost, but not completely, absent from the gestural repertoires of apes 
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living in their natural habitats, yet it is commonplace among ape living in captive, institutional 

settings, and universal among enculturated apes.   

 This remarkably strong effect of rearing environment on deictic communication—which 

emerges in apes virtually always in the complete absence of any conscious attempt to train the 

animals to point—is not predicted by two classes of theoretical explanations for the evolution and 

development of pointing in our own species.  According to Bifurcated Representational accounts, 

apes ought not be able to communicate declaratively, but they manifestly do, and this gap 

between evidence and theory suggests either that (a) declarative communication does not require 

uniquely human cognitive adaptations or (b) animals who communicate declaratively do so via 

qualitatively distinct psychological processes.  My contention is that the latter possibility cannot 

be objectively confirmed or refuted, and it is not, therefore, a scientifically useful hypothesis.  

According to the Biological Adaptation class of theories, apes ought not to be able to point, but 

they manifestly do, and therefore proponents of the Biological Adaptation perspective are forced 

into sometimes absurdly tortuous denials that ape pointing exists.  For example, Povinelli et al., 

(2003) argued that when apes extend their hands through cage mesh, although they conceded 

that the act is communicative, nevertheless, it is a sign of different psychological processes when 

apes do it than when humans do it, and this double-standard of interpretation is widespread in 

the contemporary literature, as we’ve described elsewhere (e.g., Leavens et al., 2019).  Because 

there is no objective measure of these hypothetical causal mental states, there is no scientific 

capacity to confirm the presence or the absence of these kinds of core theoretical notions; when 

we limit our evidence to what can be objectively measured—the behaviour of organisms in 

context—then the Biological Adaptation perspective is significantly challenged by the late onset of 

pointing in humans and its specific pattern of distribution among apes raised in very different 

ecological circumstances.   

 The Referential Problem Space is an ecologically oriented model, in which features of the 

rearing environment (barriers to direct action, attentive social partners) interact with well-

established, shared cognitive abilities (tool-using) to draw out pointing gestures from apes and 

humans.  Pointing emerges as an ontogenetic response to environmental affordances that are 

commonplace in artificial human rearing environments, but largely absent from the environments 

of wild-born great apes.  The Referential Problem Space represents an attempt to account for the 

development of pointing by humans and great apes without appeal to imaginary, unverifiable 

entities.  This theoretical approach situates signallers into particular ecological frameworks, and 

views cognitive development as a dialectic that is distributed across the actions of an agent and 

the affordances of its social and physical surround. 
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