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Abstract 
 

The situated approach in cognitive science and artificial intelligence (AI) has argued 

since the mid-1980s that intelligent behaviour emerges as a result of a close coupling 

between agent and environment. Lately, many researchers have emphasized that in 

addition to the physical environment, the social environment must not be neglected. 

In this thesis we will focus on the nature of social situatedness, and the aim of this 

dissertation is to investigate its role and relevance for natural and artificial 

intelligence.  

 

This thesis brings together work from separate areas, presenting different 

perspectives on the role and mechanisms social situatedness. More specifically, we 

will analyse Vygotsky’s cognitive development theory, studies of primate (and 

avian) intelligence, and last, but not least, work in contemporary socially situated AI. 

These, at a first glance, quite different fields have a lot in common since they 

particularly stress the importance of social embeddedness for the development of 

individual intelligence.  

 

Combining these separate perspectives, we analyse the remaining differences 

between natural and artificial social situatedness. Our conclusion is that 

contemporary socially artificial intelligence research, although heavily inspired by 

empirical findings in human infants, tends to lack the developmental dimension of 

situatedness. Further we discuss some implications for research in cognitive science 

and AI. 
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1. Introduction 

This thesis addresses the role and relevance of social situatedness for natural and 

artificial intelligence. The ‘situated’ approach1 has been a growing movement in 

cognitive science and artificial intelligence (AI) since the mid-1980s, as a reaction 

against the classical approach. The situated standpoint offers a radical shift in  

explanations of cognition. Instead of claiming that cognition takes place inside the 

skull the proponents of situated cognition stress that cognition emerges as a result of 

an intimate interaction of brain, body and environment (cf. Clark, 1997; 1999). As a 

result, a lot of literature related to situatedness has been published within the field, 

discussing approaches such as ‘Situated Action’ (Suchman, 1987), ‘Situated 

Learning’ (Lave, 1991), ‘Situated Activity’ (Hendriks-Jansen, 1996), ‘Situated AI’ 

(Husbands et al., 1993), ‘Situated Robotics’ (Hallam and Malcolm, 1994) and 

‘Situated Cognition’ (Clancey, 1997; Clark, 1999).  

 

Today, many cognitive scientists and AI researchers consider that being situated is a 

core property for intelligence, both in humans or artificial systems. Pfeifer and 

Scheier (1999, p.656), for example, characterised situatedness as follows: 

 

An agent is said to be situated if it acquires information about its 
environment solely through its sensors in interaction with the 
environment. A situated agent interacts with the world on its own, 
without an intervening human. It has the potential to acquire its own 
history, if equipped with appropriate learning mechanisms. 

 

However, if we take the stance that human cognition actually is situated, what 

exactly does that mean? Are humans situated due to their physical nature, due to 

biological/evolutionary history, or due to their individual social history? Moreover, 

this question may be followed by a related one, namely, what exactly would it take 

for an AI system to be situated?  

 

                                                        
1 In this thesis we are using the term ‘situated cognition’ as to some degree synomymous with terms 
such as ‘embodied cognition’ or ‘situated action’. 
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The fields of cognitive science and AI have a close relation, since AI is commonly 

used as a way of modelling various cognitive theories. Brooks (1991a; 1991b), one 

of the proponents of the situated approach within AI, formulated a number of 

shortcomings of traditional AI, and he particularly focused on the challenges of 

getting robots to act in the real world. This shift towards a situated approach within 

AI resulted in embodied, mobile robots, which interact with the physical 

environment and therefore could be considered to be physically situated in that sense. 

Although these situated robots typically have a close coupling with their physical 

environment, still something significant might be argued to be lacking. Robots can 

be considered to have some degree of physical situatedness, but it has been argued 

that humans also are socially and culturally situated, resulting in an increased interest 

within cognitive science and AI in taking the social and cultural environment2 into 

account. (cf. e.g., Brooks & Stein, 1993; Dautenhahn, 1995; Hutchins, 1995; 

Edmonds, 1998; Tomasello, 1999; Kozima, 2000). 

 

According to Dautenhahn et al. (submitted) the concept of situatedness can 

effortlessly also function in the social field; by broadening the physical environment 

to the social environment. They argue that “a socially situated agent acquires 

information about the social as well as the physical domain through its surrounding 

environment, and its interactions with the environment may include the physical as 

well as the social world”.  This social aspect of situatedness will be the major focus 

in this thesis, i.e. the main question addressed here is: what are the role and relevance 

of social situatedness in natural and artificial systems, and to what extent can recent 

work in socially situated AI be used to understand the mechanisms of (natural) social 

situatedness.  

 

Traditionally, the study of the social environment, such as social, cultural and 

historical aspects has been ignored and factored out within mainstream cognitive 

science and AI. Gardner (1985), for example, de-emphasised context, culture and 

history, which he described as “murky concepts” (1985, p. 42). He argued that 

context and cultural aspects only should cause problems during the efforts to find the 

                                                        
2 In this thesis we mostly treat the cultural dimension as included in the social dimension. 
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‘essence’ of individual cognition. According to Gardner (1985), social aspects, 

culture and context could be addressed and integrated later on, when cognitive 

science had achieved an understanding of the inner mechanisms of individual 

cognition. However, Hutchins (1995) claimed that there are some unnoticed costs if 

we initially take no notice of the social and cultural nature of cognition. He argued 

that cognition is a result of a socio-cultural process and that we cannot ignore culture, 

context and history, since they might be considered as primary factors of human 

intelligence and cognition. This is an important shift if we are to understand the 

impact of social and cultural interactions on cognition. 

 

The interest in influences of social factors and their importance for cognition and 

intelligent behaviour is relatively new within cognitive science and AI, since they 

traditionally have dealt with isolated cognitive capacities or a single agent’s 

perspective. Investigations within cognitive science and AI have been achieved by 

‘building in’ such characteristics into the agent later on (cf. script for restaurant-

going by Schank & Abelson, 1977). As a result of this way of working, by separating 

intelligence from the actual social situation the agent is then devoted to, leads to a 

significant difference between an agent’s behaviour that has evolved/developed in a 

social environment, and intelligence that is not grounded socially. The difference 

between these separate approaches lies in the priority: traditional AI (following 

traditional cognitive science) addresses the emergence of individual intelligence first, 

then possibly the socio-cultural dimension could be integrated, whereas in particular 

Vygotsky (1934/1978) followed by others as, e.g., Hutchins (1995), and also 

Edmonds and Dautenhahn (1998), claims that a social environment is a necessary 

condition for the development of individual intelligence.  

 

In the last few years it has been suggested that ‘true’ intelligence in natural and 

(potentially) artificial systems, requires a long-lasting developmental period (e.g. 

Zlatev, 2001). The ontogenetic perspective is important since it has been argued that 

we cannot ignore the complex processes that are involved during the development 

from a new-born child to a grown up adult (cf. Hendriks-Jansen, 1996). This is 

contrary to the position of nativists who claimed that the adult existed in beforehand 
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in the baby and the child should develop by ‘itself’ according to some genetic 

blueprint. Similarly, our cognitive abilities and especially our ability to learn 

language have been suggested to be innate capacities. Chomsky (1957, 1975) for 

example, argued that language learning depended on the pre-existence of an innate 

‘language acquisition device’ (LAD) in the mind, which made it possible for the 

child to establish a system of grammatical rules to produce well-formed utterances. 

However, that presupposes an innate device for all our cognitive abilities that at well-

defined stages during the development becomes activated and put into function.  

 

Instead, as mentioned above, it has recently been suggested that our cognitive 

abilities are ‘acquired skills’, i.e. the result of an active developmental process, so-

called epigenesis. Hence, it is during this prolonged period that more and more 

complex cognitive structures and behaviours emerge in the child, as a result of its 

interactions with both a physical and a social environment (cf. Piaget, 1952, 1957; 

Vygotsky, 1934/1962, 1934/1978; Thelen and Smith, 1994; Tomasello, 1999). 

Thelen and Smith (1994), for example, argued that learning to walk, is not ‘hard-

wired’ in the mind, rather is it ‘soft-assembled’, showing that learning to walk is a 

result of complex interactions of several aspects involving brain, body and the 

surrounding world, as a replacement for an innate walking device. Consequently, to 

develop individual intelligence we might have to ‘learn’ to be human beings, and it 

has been suggested that this epigenesis requires an active interaction of the body with 

its surroundings, particularly the social environment and that process is ’supported’ 

by the use of scaffolding. Scaffolding is the strategy to make use of the external 

environment, physical or social, to support and simplify cognitive activity for an 

individual agent (Wood et al., 1976; Hendriks-Jansen, 1996; Clark, 1997). For 

example, an adult can manage and control the infant’s interactions with the 

surroundings to assign new behaviours, like a grown up that supports a child that is 

learning to walk, by holding the child so that it would not fall down. The same 

strategy is used when an adult bootstraps new behaviours in the child, such as 

pointing to a target of interest. Tomasello (2000) hypothesises that if a human child 

grew up from birth with no contacts with human culture, and without exposure to 

human artefacts the child would not develop the cognitive skills that are the 
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hallmarks of human intelligence. Interestingly, some researchers in socially situated 

AI (cf. Brooks et al., 1999; Zlatev, 2001) present a closely related argument: if a 

humanoid (i.e. physically human-like) robot ‘grew up’ in close social contact with 

human caregivers then the humanoid might develop similar cognitive abilities as 

human beings. 

 

While the interest in social and cultural factors in general, and socially situated 

intelligence in particular, is relatively new in cognitive science and AI, the Russian 

scholar Lev S. Vygotsky has pointed out the importance of social interactions for the 

development of individual intelligence already during the 1920s-1930s. Vygotsky 

stated his major theme as follows:  

 

            Every function in the child’s cultural development appears twice: 
First, on the social level, and later, on the individual level; first, 
between people (interpsychological) and then inside the child 
(intrapsychological). This applies equally to voluntary attention, to 
logical memory, and to the formation of concepts. All the higher 
functions originate as actual relationships between individuals…The 
transformation of an interpersonal process into an intrapersonal one 
is the result of a long series of developmental events (1934/1978, p 57, 
original emphases). 

 

In our opinion, Vygotsky’s theory of cognitive development is another way of 

describing the situated nature of intelligence, since it particularly stresses that 

individual intelligence, emerges as a result of biological factors (in today’s term: 

embodiment) that actively participate in a physical and particularly a social 

environment (in today’s term: situatedness), through a developmental process 

(epigenesis). Since Vygotsky was active in the Soviet Union during the 1920-30s, 

while the country was almost totally isolated from the Western world, his work did 

not become spread at once. The first published translations of Vygotsky’s work to 

English appeared in 1962.  

 

Another field that particularly stresses the importance of social interactions for 

intelligence is primatology. Initially this idea was addressed by primatologists such 

as Chance and Mead (1953), and Jolly (1966), but is nowadays often presented under 
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the banners of Social Intelligence Hypothesis (Kummer et. al., 1997) or the 

Machiavellian Intelligence Hypothesis (Byrne & Whiten, 1988; Whiten & Byrne, 

1997). Roughly speaking, these authors have proposed the idea that social 

interactions are the prime factor in the origin of intelligence, and thus a significant 

issue for the study of mind.  

 

At a first glance it may seem very difficult, to relate advanced human cognitive 

abilities and social interactions in other primates. However, Hendriks-Jansen (1996) 

argued that we cannot be satisfied by simulating intelligent behaviour like chess 

playing computers, rather we have to ask: “How did this ability come to be 

there?”(1996, p. 8). According to Tomasello (2000) human cognition is a particular 

form of primate cognition, since many structures of human cognition are identical 

with non-human primate cognition. Tomasello (2000), therefore argued that the 

study of non-human cognition should play a more important role within cognitive 

science than it has had so far. 

 

During the latest two decades more and more psychologists have started to study 

cognitive mechanisms in non-human primates. Nevertheless, there existed some 

psychological explorations of primate cognition earlier, e.g. Köhler (1925), but his 

studies were attacked by behaviourism, and it was not until the 1980s that the 

approach of cognitive ethology entered the scientific scene. Primate studies that had 

a great impact were especially Seyfarth, Cheney, and Marler’s exploration (1980) of 

communication in vervet monkeys, and De Waal’s (1982) investigation on the 

‘political’ plannings of chimpanzees in their social interactions with each other. But 

in many scientific spheres, these studies and others claiming that primate do have 

cognitive mechanisms are viewed with suspicion as ‘anthropomorphic nonsense’ 

(cf.Tomasello, 2000).  

 

Recently a lot of studies of cognitive mechanisms in non-human primates have been 

published, and they have pointed out that primates use a variety of cognitive 

strategies in their understanding of things as space, tools, categories, quantities, and 

causality. Moreover, they also use those cognitive mechanisms in their ability to 
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understand behaviour and (possibly) mental lives of conspecifics in social 

interactions involving communication, competition, co-operation, and social learning 

(Tomasello, 2000). According to Tomasello (2000), these new findings provide 

important information and offer new views to cognitive scientists interested in the 

evolutionary origin of cognitive abilities. Also researchers in AI have been inspired 

by non-human primate cognition and they have implemented some of the basic social 

mechanisms that humans and other primates have in common (cf. Brooks et al., 

1999; Kozima, 2000).  

 

Another researcher that has investigated the role of social interaction for the 

development of natural intelligence is Pepperberg, who has experimented with 

teaching grey parrots basics human language skills. She has developed a teaching 

technique based on social learning and she further suggests that here results of 

‘advanced’ learning and development of intelligence in grey parrots can be used to 

help us to better understand these capabilities in humans and in addition, to improve 

the ability of non-living AI systems (Pepperberg, 1998, 2001). 

 

1.1  Motivation and Aims 
 

Scassellati (2000a) argued that research in (human) cognitive development and 

research in situated AI and robotics can and should be complementary, but 

unfortunately, he points out, this kind of comparative analysis is lacking or rather 

absent. This thesis aims to provide exactly this type of comparative analysis. 

According to Scassellati, robots can be used as tools to validate (or falsify) the 

different developmental theories that exist and at the same time investigate how 

intelligence may be socially situated.  

 

This dissertation will analyse the role, relevance, and mechanisms of natural and 

artificial socially situated intelligence, bringing together work from cognitive 

science, AI, Vygotsky’s cognitive developmental theory, primatology and avian 

intelligence. This collection of separate research areas represents different 

perspectives of natural and artificial social situatedness. On the one side, socially 

situated natural intelligence is represented by Vygotsky’s cognitive developmental 
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theory extended with interesting recent studies on animals, as primate and avian 

intelligence. On the other side, socially situated artificial intelligence is represented 

by studies of robot – human interaction (cf. Billard et al., 1998; Brooks et al., 1999; 

Kozima, 2000), studies of robot – robot interaction (cf. Billard & Dautenhahn, 1997, 

1998, 1999), and agent simulations of social situatedness (Edmonds, 1998).  

 

Firstly, we analyse the role and mechanisms of social situatedness in the different 

perspectives of natural and artificial intelligence. Secondly, we aim to compare the 

present work in socially situated AI to naturally situated intelligence. The intended 

contribution is to analyse the remaining difference between socially situated artificial 

and natural intelligence, and we raise the question to what extent socially situated AI 

can be used as model to understand the underlying mechanisms of social 

situatedness.  

1.2  Overview  
 

To summarise, this introduction chapter has presented the motivation and aims and 

of this thesis. The remainder of this dissertation is split into three chapters, 

‘Background: the Life of Cognitive science’ (Chapter 2), ‘Socially Situated 

Intelligence’ (Chapter 3) and ‘Discussion and Conclusions’ (Chapter 4). The 

following background chapter reviews the historical development of cognitive 

science and AI, presenting and discussing the chronological progress of these 

research areas. This background chapter departs from the initial reaction against 

behaviourism and reviews the progress of cognitive science and AI until today. 

Chapter 3 then addresses different perspectives on the social dimension of 

situatedness, starting with Vygotsky’s theory of cognitive development (3.1), 

followed by sections on the social nature of primate intelligence (3.2), and avian 

intelligence (3.3), and finally this chapter ends with a comprehensive selection of 

work in socially situated AI (3.4). In the discussion and conclusion chapter (4) we 

will then focus on the role and relevance of social situatedness for natural and 

artificial intelligence, and discuss to what extent socially situated AI can be used as a 

model to understand the mechanisms of (natural) social situatedness. By way of 

conclusion we will present some implications and conclusions about the social nature 

of situatedness in cognitive science and AI.  
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2. Background: The Life of Cognitive Science  

The general aim with this cognitive science background chapter is to give an 

overview of the scientific study of intelligent behaviour in both natural and artificial 

systems. Therefore we will present the historical background in a chronological way 

from the driving forces to the foundation of cognitive science and AI until today, 

particularly focusing on the situated approach of cognition. The chapter includes a 

review of some of the criticism against the situated approach, and particularly the 

emphasis of the social dimension of situatedness in the state-of-the-art in 

contemporary situated cognitive science and AI,  

 

2.1 Before the Cognitive Revolution 
 
The predecessor to cognitive science was behaviourism, which dominated 

experimental psychology from the 1920s. Watson (1913), one of the key figures, 

spoke scornfully of the earlier mentalistic attempts of introspection by, e.g., Wundt 

(1874) as a methodological way of experimental investigation in psychology. Watson 

(1913) claimed that such introspective mentalistic methods were unscientific. He was 

influenced by research within physics, which only noticed observable behaviours and 

argued that only objectively verifiable observations of behaviour should be 

considered. All mental content was derived from the surrounding world via an 

associationistic learning process, which linked a certain kind of stimuli with a 

specific response. As a result, scientists had to abandon all statements related to the 

mind, like ‘mental processes’. All that was needed were to find out the lawful 

connections between stimuli and response in observable behaviour. Another 

proponent of behaviourism was Skinner (1953) who was even more radical, and 

argued that we should treat the mind as a ‘black box’.  

 

Behaviourism had a great impact in the field of psychology, especially in the United 

States during the period from the 1920s to the 1960s. But not everybody held the same 

opinion, a growing number of researchers like Piaget, Vygotsky, Bruner, Miller, and 

Chomsky performed investigations of ‘mentalistic’ phenomenon. Those new thinkers 

paid attention to what happened inside the ‘skull’, i.e. our internal processes and 
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reopened closed doors. The advent of the computer became the end of the behaviouristic 

era. The computer was interpreted as evidence that internal representations and mental 

processes can occur in a physical device. As a result, cognitive science was born in the 

middle of 1950s and the ‘cognitive revolution’ started. AI was brought to light during 

the same time through its attempts to build ‘intelligent machines’.  

 

Little attention, if any, was directed to studies in biology and animal behaviour, because 

the new sciences considered that those attempts were wrong and a misleading way to 

follow. However, even if the behaviourists treated the mind as a ‘black box’, this box 

was in any case situated. Thus it was placed in the surrounded world and reacted to it 

real-time interactions. In sum, the behaviourists over-emphasised the role of the 

environment, while the forthcoming ‘cognitivists’ instead should under-emphasise its 

importance for intelligent behaviour (Lloyd, 1989).  

 
 

2.2 The Disembodied Paradigm: Computationalism 
 
 
As mentioned in the previous section, some researchers were unsatisfied with the 

behaviouristic approach as the ‘right’ way for the study of intelligence. That growing 

number of researchers stressed that the ‘mind’ itself had internal processes and 

representations that were a significant issue for scientific study, and therefore should 

not be neglected. The role of representations became one of the biggest cornerstones 

in the new ‘anti-behaviourist’ approach, nowadays referred as the computational 

paradigm.  Representation is the mapping between the elements in the external world 

and the internal symbolic representations, which functions as an internal ‘mirror’ of 

the external environment. The idea of mental models goes back at least to Craik 

(1943, in Ziemke, 2000), who argued that we all have a ‘small-scale model’ of 

explicit knowledge about the world in our mind. Thus, thinking is viewed as 

processing of those internal symbols in the brain. The sensory input become 

transduced to the symbolic representational state and these representational states 

carry an important relation to language, since it uses a linguistic form. Fodor (1975) 

assumes that they are analogous to language processing and calls these linguistic 

structures ‘mentalese’, which is the language of thought. This ‘language of thought’ 

is fundamental to our thinking processes. Cognition is linguistic-based; it is a kind of 
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language not a natural, but a mental one. The mental language mirrors our thinking 

and our picture of the world. 

 

As a result of major developments in logic, and particular within computer science, 

researchers become influenced by formalistic knowledge representations and 

therefore various formal representational languages were created like ‘schemata’ 

(e.g. Posner, 1973), ‘semantic nets’ (Collins & Quillian, 1969), ‘frames’ (Minsky, 

1975), ‘production systems’ (e.g. Andersson, 1983) and ‘scripts’ (Schank & Abelson, 

1977). Symbolic thought was assumed to be analogous to language processing in 

many ways, since both including sequential syntactical processing of words, in the 

same way as in the proposed representational models (e.g. Fodor & Pylyshyn, 1988). 

Hence, the only form of situatedness in such systems is to have a mental model of the 

surrounding world (Ziemke, 2001a).  

 

The dawn of the computer age and progress within information theory (e.g. Shannon 

& Weaver, 1948) took place at the same time, and the result was another cornerstone 

in classical cognitive science and traditional AI, the computer metaphor for mind. 

This analogy was motivated by the belief that the human brain processed information 

in a similar way as the computer did. Consequently, the brain was considered to 

function like a computer, since a computer is an artificial system that has the ability 

to process information, and any machinery that could carry out a similar process, 

independent of its hardware (brain tissue or mechanical device) was said to be 

intelligent. This view is called functionalism (Putnam, 1960) and makes a distinction 

between hardware and software levels and claims ‘it is not the meat, it is the motion’ 

that matters. Following the computer metaphor for mind, researcher within cognitive 

psychology analysed distinct cognitive processes such as memory, perception, 

attention, reasoning, categorisation and problem solving according to the assumption 

that this processes took place within the individual cognizer’s head. The challenge 

for the scientists was to find out the inner processes underlying intelligent behaviour 

and therefore a lot of computer programs were constructed in a functionalistic way 

that simulated higher human cognitive abilities like, e.g., Newell and Simon’s 

General Problem Solver (1961) and more specific expert systems like MYCIN 
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(Shortliffe, 1976). MYCIN was an expert system that proposed diagnoses to diseases 

caused by infections based on inputs as laboratory tests and symptoms. Finally, 

MYCIN also presented as output some suitable antibiotics to cure the illness. An 

additional example of a programme that used computational representations was 

SHRDLU (Winograd, 1972), which mastered a small, simulated world of blocks. 

This program was able to response to various issues about the block world and could 

also handle some manipulations with the blocks as outputs to the questions. 

 

 In 1976, Newell and Simon presented the Physical Symbol System Hypothesis 

(PSSH), a kind of a hallmark of the computational paradigm, claiming that thinking 

and cognition is symbol manipulation. The hypothesis states that a symbol system 

implemented in any device have both the necessary and sufficient resources for 

general intelligence. As a consequence, higher cognitive abilities were then viewed 

as formal rule-based, processing of internal symbols inside the brain analogous to a 

computer program, while body and environment were reduced to some kind of input 

and output devices. 

 

In the late 1970s several attempts of criticism emerged against the ‘narrow’ 

computational approach. Dreyfus (1972/1979) and Searle (1980) made the most 

significant attacks against the strong faith in the computational approach. The 

common theme in their attacks was the lack of connections to the external world that 

is represented internally. Dreyfus (ibid.) argues that the quandary for the traditional 

approach is that the knowledge is represented from the ‘outside’. Someone has 

designed and declared the ‘knowledge’; it is not present or situated in the program 

itself. The only relation to the external environment is through the creator of the 

program, who decides how to conceptualise elements in the surrounding world. The 

designer also makes the selections about what is relevant or not to be represented. 

The programme has not a direct link or mapping between the external world and the 

internal representations of it. The mapping goes via the designer and the direct link is 

an ‘illusion’ by the observer, which shares the linking between the external world 

and the internal representations with the designer. For this reason the system itself 
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lacks understanding of semantics and pragmatics, because it only deals with syntax. 

As a consequence, the program’s creator is its only context (Ziemke, 2000). 

 

Furthermore Searle’s (1980) Chinese Room Argument addressed this lack of 

understanding in the programme itself. Searle (1980) makes the distinction between 

‘strong AI’ and ‘weak AI’.  Searle argued that strong AI is the view that a computer 

programme really could understand and think as having a mind, while weak AI is the 

view that a computer programme could be used as a tool for studying intelligence. A 

brief description of his thought experiment, the Chinese Room Argument, goes 

something like this. A person is located into a room given a narrative in Chinese; 

hence the person does not understand a word of Chinese. There is also a rulebook 

that declares how to link Chinese signs to each other. From the outside the person in 

the room receives questions written in Chinese that he/she must replay (in Chinese). 

To manage this task the person uses the rules and the given set of Chinese signs, and 

as a result, he/she sends out correct answers (in Chinese), while the person in fact 

does not understand a word of Chinese. To an outside observer it looks like that the 

person in the room actually understands Chinese. According to Searle (1980) the 

person is behaving exactly in the same way as a running computer programme, 

manipulating symbols (Chinese signs) by following some rules. The same happens in 

traditional AI programmes, they behave as they were intelligent, but something 

important is missing. The programme itself has no understanding of what it is doing; 

there is a lack of intentionality, since the person or programme never interprets what 

the symbols stand for. The person does not understand what the story in Chinese is 

about, either does a computer system running a programme. Searle (1980) came to 

the same conclusion as Dreyfus (1972/1979) namely that there is no relation between 

the internal representations (symbols) and the external represented objects in the 

world within traditional AI systems. The interpretation of the symbols is made by the 

designer (or the observer) but not by the system itself. This problem is nowadays 

called the ‘symbol-grounding problem’ (Harnad, 1990).  

 

We then return back to Dreyfus’ (1972/1979) and his criticism of the traditional 

approach. He argues that the traditional AI-programmes only mastered ‘micro-
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worlds’, slices off limited problem areas and/or isolated parts of human cognitive 

abilities. Examples of micro-worlds are game playing computers, restaurant going in 

form of scripts, and expert systems like MYCIN. The common factor is that they all 

together could not manage tasks in a natural environment. He strongly attacked the 

lack of situatedness in these formal representations. The motivation for his criticism 

was that the programmes did not have the necessary background information, 

independent of the amount of explicit knowledge and rules they enclosed, which was 

the consequence of the lack of ‘first hand semantics’ in traditional AI programmes 

(cf. Ziemke, 2000). According to Dreyfus (1972/1979) there is not sufficient or 

possible to represent ‘everything’. Instead he argued that we had to go beyond the 

formal representations and take the body and the surrounding world into account 

“since intelligence must be situated it cannot be separated from the rest of the human 

life“. This ‘rest of human life’ was according to Dreyfus (ibid.) the body’s influence 

on cognition, cultural factors, and common sense knowledge, which may be 

impossible to define explicitly. Therefore it would not be possible to represent 

intelligence within a traditional computer programme. According to Ziemke (2000) 

Dreyfus might have been the first person to use the concept of ‘situatedness’ within 

the area of AI. Dreyfus motivated his argument that being situated might be the core 

property for intelligence as follows (1979. p. 52-53 emphases added): 

 

                Human beings…are, as Heidegger puts it, already in a 
situation, which they constantly revise…We can see that 
human beings are gradually trained into their cultural situation 
on the basis of their embodied precultural situation,... But for 
this reason a program…is not always-already-in-a-situation. 
Even if it represents all human knowledge…including all 
possible types of human situations, it represents them from the 
outside…It isn’t situated in any one of them…our way of 
being-in-the-world and thus seem to play an essential role in 
situatedness, which in turn underlies all intelligent behaviour.      

 
 
A challenge to cognitive science was to extend the functionalistic view by taking the 

neurological aspects of cognition into account. By considering neurological aspects 

of cognition, such as the brain consists of numbers of neurones, the connectionistic 

approach arisen, resulting in new models to understand cognition were constructed as 

artificial neurological networks (ANN) during the 1980s (cf. Clark, 1997). The main 
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characteristics of connectionism are that cognition is viewed as brain activity since it 

imitates the brain’s functions at a general level. The networks are motivated from the 

parallel and distributed ways of working by the brain cells. This distributed process 

of information in parallel through networks, offered a new and alternative approach 

to intelligent behaviour, in contrast to the earlier language-based and symbolic 

models that were serial and syntactical. The neurones operate individually and there 

is no central processor. As a consequence the assumption that cognition was 

syntactical was replaced with the suggestion that the ‘units’ of thinking were activity 

patterns   (Rumelhart & McLelland, 1986). The connections in an ANN are supplied 

with weights, which can change their value (either excitatory or inhibitory) as a 

result of training. Consequently, the networks have the capability to make mappings 

from input to output by them self, as a kind of learning process. While traditional AI 

systems only were able to simulate and they handle well-defined tasks, the ANNs are 

flexible and can manage fuzzy input. Therefore, they are skilful for assignments that 

are not formalisable, like pattern-recognition e.g. face recognition, vision, concept 

formation and natural language processing. These networks resemble further how 

humans actually perform different tasks then traditional syntactical models, since 

ANNs are worse at logics and better in patter-recognition like reading handwriting 

and face recognition(cf. Cottrell, 1991; Lecun et al., 1989 in Clark, 1997). Thus, 

cognition might be considered as distributed associations between nodes, instead of 

serial symbol manipulations.  

 
In sum, the same major criticism that was directed to the traditional symbol 

manipulating approach has been turned against connectionism. The networks do also 

represent properties in the world, although at another level. But still it is the designer 

that decides from the ‘outside’ which properties that should be represented. 

Additionally criticism was the call for evolutionary explanations. It is not satisfying 

to simulate or resembling human intelligence, we have to know how and why these 

abilities come to be there (cf. Hendriks-Jansen, 1996). Nevertheless, the role of 

embodiment, situatedness and environment was still neglected within both traditional 

cognitive science and connectionism (cf. Clark, 1997).  
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2.3 The Situated Approach 
 
 
The computational paradigm presented in the previous section tried to explain 

cognition and intelligence from a top-down perspective and disregarded the role of 

the body and the environment in their efforts to find the key mechanisms for 

intelligence. On the contrary, the emerging viewpoint of embodied and situated 

cognition claims that our cognitive processes are intensely rooted within our brain 

and body’s interactions with the surrounding world. The relevance of embodiment3 is 

characterised by the supposition that the mind must be understood in the context of 

its connection to a physical body (cf. Varela et al, 1991; Clark, 1997; 1998). Instead 

of studying the brain in isolation, as in the computational paradigm, it might be 

considered that the body plays an essential role in cognition, and particularly the 

importance of the sensory and motor functions, since those organs may be able to 

‘select’ and ‘carry out’ cognitive tasks. This idea was advocated in earlier works 

within perception by, e.g., proponents of Gestalt psychology as Koffka, Köhler, and 

Wertheimer in the beginning of the twentieth century, furthermore in von Uexküll’s 

Umwelt theory (1934), and Gibson’s ecological approach and his notion of 

affordance (1966; 1979). The importance of sensor-motor activity for the emergence 

of intelligent behaviour was stressed in Piaget’s work, and particularly in his 

cognitive development theory (cf. Piaget 1952, 1954). Also in research within 

linguistics, the role of embodiment has become an important issue, since Lakoff and 

Johnson (1980) suggested that abstract concepts might be founded in metaphors for 

bodily, and physical concepts. Roughly speaking, instead of viewing the mind as a 

‘mirror’ of the world as in the computational paradigm, Clark argued (1997) that the 

brain has the role of a controller for embodied activity, and therefore we do not have 

to divorce thought from embodied action. Finally, one of the earliest proponents of 

the embodied and situated approach in cognitive science, the anthropologist Lucy 

Suchman (1987, p. viii) claimed,” that all activity, even the most analytic, is 

fundamentally concrete and embodied”. However, Franklin (1997), for example, 

argued that software systems can be intelligent without a body in a physical sense. 

                                                        
3 It might be worth mention that the concept of embodiment itself is far from being well defined (cf., 
Ziemke 2001b; Wilson, submitted). 
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But he further claimed that “they must be embodied in the situated sense of being 

autonomous agents structurally coupled with the environment”. 

 

Another central theme in the embodied paradigm is the role of situatedness4. 

Suchman stresses the importance of being situated in her book Plans and Situated 

Actions (1987), which presents her study of how plans (when using a photocopier) 

influenced actual behaviour, and she characterises situatedness as follows:  

 

The contingence of action on a complex world...is no longer 
treated as an extraneous problem with which the individual 
actor must contend, but rather is seen as an essential resource 
that makes knowledge possible and gives actions its 
sense…the organisations of situated actions is an emergent 
property of moment-by-moment interactions between actors, 
and between actors and the environments of their action. 
(1987, p. 179) 
 

According to Clancey (1997), the concept ‘situated’ has earlier been used commonly 

within the sociology literature.  The term ’situated’ is present in previous work by G. 

H. Mead (1934) and in a paper by C. W. Mills in 1940 called ‘Situated Actions and 

Vocabularies of Motive’. Mills (1940) discussed to what degree linguistic utterances 

in a social situation function as a ‘driving force’ for social action. Consequently, 

Suchman (1987) has carried the idea of situatedness from the social sciences domain 

to the field of cognitive science, and probably she has made a mapping from Mills 

(1940) suggestion of the impact on linguistic expressions to situated action, to the 

influence of plans to situated actions in general, since she by situated actions means 

“simply actions taken in the context of particular, concrete circumstances” (1987., p 

vii). However, it is worth mentioning that Suchman characterises the concept of a 

plan differently than mainstream cognitive science at that time (cf. Newell & Simon 

1961, 1972, 1976). Suchman characterises a plan as “a weak resource for what is 

primary ad hoc activity”, since our actions “…are never planned in the strong sense 

that cognitive science would have it” (1987, p viii). That means, that Suchman 

stressed the impact of the momentary circumstances in a situation more, than the 

importance of internal representations like anticipated plans. 

                                                        
4 This is also the case with the concept of situatedness (cf. Clancey, 1997 and Ziemke 2000) 
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The initiation of the situated and embodied era within AI started in the mid 1980s, 

when researchers paid attention to various criticisms against traditional AI (cf. 

Dreyfus, 1972/79; Searle, 1980), and started to model intelligence from a bottom-up 

perspective instead. One reason for this bottom-up approach was Dreyfus’s earlier 

critique of the lack of situatedness in ‘microworlds’. The aim of the bottom-up 

approach was to simplifying the task of modelling human intelligence, by starting 

with some easier and less complicated agent than a human, focusing on biological 

foundations like real-time interaction and integration of sensory-motor functions.  As 

a consequence, Wilson created his Animat approach (1985) that is short for ‘artificial 

animal’. The Animat is a simulated simple ‘creature’, which is situated, in its 

simulated environment, which only contains trees and food. The task for Animat is to 

find food, which at all times is located nearby trees. To an observer, it seemed that 

the Animat really was ‘intelligent’, since it was moving around seeking for food 

closed to the trees. Nevertheless, this Animat was in any case situated, but lacked 

embodiment. Wilson’s experiment with Animat was designed by interactions 

between the simple autonomous agent and its environment, based on perception and 

action. The difference according to Clark (1997) of this new incremental way of 

modelling intelligence is horizontal microworlds, instead of vertical microworlds, 

which is a slice off a higher aspect or ability of intelligence, e.g., chess-playing 

computers (cf. Dreyfus’s earlier criticism).  

 

The new alternative bottom-up approach, nowadays called Nouvelle AI or New AI, 

focus on the interaction between an autonomous agent and its environment. Clark 

(1997, p. 6) characterises an autonomous agent as “a creature capable of survival, 

action, and motion in real time in a complex and somewhat realistic environment”. 

Another reason to the attempt to build autonomous agents comes from an 

engineering point of view. The idea with self-regulated mobile robots originated 

initially from NASA-founded projects which aim was to construct robust mobile 

robots with the intention to use them for gathering and conveying information on 

other planets. The traditional way of modelling AI was not suitable for space 

adventures, since the robots have to act by they own and could not be controlled 

from earth (Clark, 1997). As a result, the challenge to build such mobile robots 
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resulted in second thoughts of previous theories of adaptive behaviour and 

intelligence.  

 

One of the most influential proponents of the new mobile robots approach in AI, is 

Rodney Brooks and he claimed that “situatedness and embodiment is the two 

cornerstones of the new approach to Artificial Intelligence” and he characterised 

them as follows:  

 

[Situatedness] The robots are situated in the world – they do 
not deal with abstract descriptions, but with the here and now 
of the world directly influencing the behavior of the system. 
 
[Embodiment] The robots have bodies and experience the 
world directly – their actions are part of a dynamic with the 
world and have an immediate feedback on their own sensations 
(Brooks (1991b, p. 571, original emphases). 
 
 

As a result of the previous criticism, and the new demands on the mobile robots 

addressed above, behaviour-based robots became designed through activity-based 

decomposition. The idea of activity-based decomposition is that the robot has 

independent subsystems for each function of its horizontal microworld, and there is 

no central planner that decides how to control the robot’s behaviour. The different 

subsystems do not communicate with each other; instead, they compete among 

themselves in order to be in charge, by interactions with the external environment 

through its sensors. As a result, an adaptive behaviour emerges since the different 

subsystems interact in real-time with the environment through the sensors. Examples 

of such behaviour-based robots are, e.g., the artificial cockroach Periplaneta 

Computatrix (Beer & Chiel, 1993), and the mobile robot Herbert (Connell, 1989) 

that we will present in more detail below. 

 

Herbert was built at the Mobile robot Laboratory at MIT in the late 1980s by 

Brooks’s graduate student Connell, according to the idea of activity-based 

decomposition or subsumption architecture as Brooks named it (Brooks, 1991a,b). 

Herbert’s task was to collect empty soda cans while he wandered around the offices 

and brought them back to where he had started from. Herbert had to deal with a 
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messy and dynamical environment, avoiding bumping into obstacles like walls, 

people and furniture, but still follow out his assignment. Herbert contained separated 

subsystems for different behaviour based actions, i.e., ‘wandering around, ‘soda can 

scanning’, right position for reaching’, ‘reaching for soda can’, and ‘grasping soda 

can’ to mention some. Herbert was programmed to not contain any inner model of 

the world; he had to rely only on the world itself. From an outside observer it seemed 

that Herbert actually knew what he was doing, since he exhibited a more or less 

intelligent behaviour. Although Herbert avoided jumping into obstacles and followed 

the walls, this ‘intelligent’ behaviour emerged as a result of his interactions with the 

environment, not by generating a plan or inner model of the surroundings. This way 

of modelling intelligence has lead to the moboticists’ slogan; “the world is its best 

own model” (Brooks, 1991b). 

 

A phenomenon that is occurring frequently in the situated paradigm is emergence. 

Klir (1991) describes emergent properties as a certain degree of complexity as a 

necessary condition to obtain some specific system properties. Herbert’s soda can 

collecting strategy has not been planned explicitly inside the ‘head’ like a mental 

representation, instead it emerges from the interactions with the environment. The 

same happened in the previous presented Animat, which did not know that it was 

searching for food explicitly, but in the eyes of the observer, both Animat and 

Herbert behaved, as they had the intention for searching food and collecting soda 

cans. Therefore, Ziemke (2001a), following Sharkey and Heemskesk (1997), and 

Nolfi (1997), makes a distinction between distal and proximal descriptions of 

behaviour. A distal description is from the observer’s point of view, while proximal 

description is from the mechanisms underlying the behaviour, like in Herbert’s case, 

e.g., the action mechanism:  ‘if perceiving a soda can on a table, go in position to be 

able to reach it’. Resnick (1994, p. 120, original emphasis) showed how we usually 

make the effort to describe complex phenomena as a result of one single factor 

“…people tend to look for the cause, the reason, the driving force…they often 

assume a centralized causes where none exist.” It has been argued that a lot of 

complex phenomena come from self-organisation. Clark (1997) mentioned bird 

flocks that do not follow a leader when flying. Instead, each bird is just following 
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some simple tactics that makes its behaviour result on the behaviours of its nearest 

neighbours. The flocking pattern is an example of an emergent behaviour based on 

the birds’ interactions with each other’s. No central plan really ‘exists’ in the birds’ 

head.  

 

According to Brooks (1991a, 1991b) the idea of a central planner or ‘homunculus’ is 

not practical, since it leads to a representational bottleneck, hindering rapid real-time 

reactions. Brooks argues that the idea from the computational era, namely that the 

sensory inputs gets translated to a ‘symbolic code’ in which the planning (or 

cognition in general) takes place, and then decoding the outcome back into another 

format for motor response, are vast of time and require too lot of resources. Herbert 

does not have a central controller; instead his sensors guide him through the 

environment. On the other hand, Clark (1997) points out that a central planner also 

may have advantages, and that we should not totally reject the idea of internal 

representations or mental models, since we may need them for higher cognitive 

abilities. He continues with a kind of a middle-way adjustment, arguing that we 

should avoid unnecessary world models in our heads, and to equip such models when 

required to the needs of real-time interactions. The aim of this thesis is not to discuss 

the role of representations and therefore we will leave this on-going debate (cf. Agre, 

1993; Beer, 2000; Brooks, 1991a, 1991b; Markman & Dietrich, 2000; Vera & 

Simon, 1993). In sum, the situated paradigm stresses the use of situative resources in 

a situation more then the possible occurrence of internal representations, and their 

proponents have argued that it does not exists any units of thinking, like the prior 

cognitivists claimed, or that these units of thinking are activities (cf. Suchman, 

1987). If it might be considered that we actually lean more on the environment in a 

situation than on our internal models (if any), but how do we manage the task of 

acting in real time without inner models, using the world as a model for itself?  

 

One solution that has been argued is the use of effective environments (Clark, 1997), 

meaning that the agent has to be sensitive (subjectively) to specific aspect of ‘its’ 

surrounding world, since these aspects have a special importance, dependent of the 

habitat, which is the environmental niche of the agent. A niche world is the close fit 
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between the demands and way of life of an agent, by letting certain characteristics of 

the environment bears some of the information needed in order to simplify for the 

agent. As a result, the information- processing load may be reduced. The idea of 

niche-dependent sensing goes back to J. von Uexküll (1934), who explained how 

different species, may experience the surrounding world in different ways due to 

their various designs of their body and their perception capabilities. It has been 

noticed that a bee perceives its surrounding world differently from a human, since 

they e.g., can apprehend infrared light, which humans cannot by nature (without 

apparatus). Therefore the bee’s subjective view of the world is separate from the 

human perception and interpretation of the ‘same’ world. Von Uexküll (1934) claims 

that different species/agents inhabit separate effective environments, since 

underlying biological constructions of cognition differ between species and the 

strategy of using certain aspects in their ‘own’ environment – Umwelt in von 

Uexküll’s words. An Umwelt is the environmental set of features that matters to 

certain agents and in the case of Herbert; his niches are the offices at Massachusetts 

Institute of Technology’s (MIT) artificial intelligence lab. The features in Herbert’s 

environment that he is sensitive to, are chosen to stimulate his task, namely, 

collecting empty soda cans on tables. The selected features are shape of tables, soda 

cans, and having a soda can in his ‘hand’. Other objects as, e.g., carpets, people, and 

walls are neglected to obstacles to avoid. Herbert does neither not ‘see’ the colours of 

the walls, nor makes a difference between various obstacles, they just are obstacles. 

Herbert’s Umwelt differs considerably from the humans’ Umwelt, working in the 

same lab.  

 

Also Wilson (to appear) mentioned the importance of off-loading cognitive effort to 

the environment, since it is quite obvious that we have cognitive limitations when 

acting in real time or ‘on-line’ cognition to use her vocabulary. She argues that it 

might be considered that we reduce our cognitive burden of work by using epistemic 

actions (Kirsch & Maglio, 1994). Epistemic actions mean the capacity to modify the 

surroundings in strategic ways to decrease the cognitive workload, to still act on the 

world.  One example is Kirsh and Maglio (1994) study of the computer game Tetris, 

in which geometrical figures are falling down from the top of the screen, and the 
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player has to rotate and translate the block, to fit as tidily as possible with the bottom 

row, containing earlier dropped blocks. Kirsh and Maglio (1994) suggested that the 

players really use actual alteration movements, instead of mentally represent a 

solution. Hence, we may ‘think’ faster with the hands, than the brain. However, 

Wilson (to appear) argues that we will go as step further, since she claims that our 

ability to off-load cognition is much broader than this manipulation on the world 

itself. She suggests that we perform cognitive actions in the utilisation of 

representing something else, like counting on one’s fingers, doing arithmetical with a 

paper and pen etceteras. According to Clark (1997) the utility of written language, 

which we interpret as a form of off-loaded cognition, has extended the usability for 

our cognitive abilities, by writing down our ideas, we generate a sort of ‘thought 

traces’ that opens up a range of new possibilities. We might be able to re-examine 

our ideas, by ‘thinking about our thinking’ (cf. Flavell, 1976), which Clark (1997) 

called ‘second-order-cognitive-dynamics’. He further suggested that the ability of 

being able to ’think about thinking’ is unique for our species, and he argued that this 

little, but important distinction, may be the major difference between human 

intelligence and animal intelligence. 

 

Bringing together, the use of such strategies like taking advantage of external 

structures (i.e. Umwelt and epistemic actions) to co-ordinate action and cognitive 

behaviour might be considered as another way of explaining intelligent behaviour, 

instead of mental representations of explicit knowledge. These external structures 

functions as a kind of supportive framework or scaffolding, which is the strategy to 

lean on external resources to support and simplify cognitive activity for an individual 

agent (Hendriks-Jansen, 1996; Clark, 1997). In the case of Herbert, it is evident that 

the robot makes use of its external environment or Umwelt as a scaffold for his 

behaviour of acting. Hendriks-Jansen (1996) argues that the concept of scaffolding is 

present in work by, e.g., Newson (1979), Kaye (1982), Fischer and Bidell (1991), 

and particularly within Bruner (1982). Hendriks-Jansen (1996) discusses various 

forms of scaffolding, primarily the ability to use it as a supportive framework 

provided by an adult, which lets the child to perform tasks that it cannot achieve by 

its own, like an elderly that supports a child that is learning to walk, by holding the 
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child so it would not fall down. In this case, Hendriks-Jansen (ibid.) views the use of 

scaffolding as a pedagogical device, in the same way as Bruner (1982) initially 

meant by the term. Moreover, Clark (1997) claims that the notion of scaffolding has 

its roots from Vygotsky (1934/1962). According to Clark (ibid., p. 45, emphasis 

added) Vygotsky stressed “the way in which experience with external structures (as 

tools, signs and social interactions) might alter and inform an individual’s intrinsic 

modes of processing and understanding”. Indeed, both Hendriks-Jansen (1996) and 

Clark (1997) have the same opinion that scaffolding is central during child 

development. Hendriks-Jansen (1996) mentioned that the important role of 

scaffolding is to bootstrap and launch the infant into a social and cultural 

environment, to be able to think in intentional terms and communicate through 

language and manipulate tools and artefacts. Hendriks-Jansen (1996) interprets our 

public language as a scaffold to articulate our concrete understanding.  

 

The role of language differs between the previous computational paradigm, and the 

situated approach. The computational approach viewed language as an internal and 

essential part of cognition (cf. Fodor’s ‘Language of Thought’, 1975). In contrast, the 

situated approach considers language as external to the cognitive system, since it has 

been argued that language has the function of a tool, as an instrument for thinking 

and communication (cf. Dennett, 1991, 1995; Gauker, 1990; Goody, 1995, 1997; 

Clark, 1997). Goody (1995, 1997) argues that spoken language is a tool for thinking 

with, a cognitive tool, a tool for acting on others with which we can ‘get inside each 

others’ heads. It has been suggested that language functions as a scaffold to guide us 

through different activities, and Gauker (1990) simply describes language as a tool 

for getting things done in the world.  

 

Consequently, it has been suggested that the external environment is used as a kind 

of extension to our mind, since these external structures function as to complement 

our individual ‘skin and skull’, which Clark (1997, p. 180) describes in the following 

way:  
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We are masters at structuring our physical and social worlds 
so as to press complex coherent behaviours from these unruly 
resources. We use intelligence to structure our environment 
so that we can succeed with less intelligence. 

 

As a consequence, the human brain plus these external factors of external scaffolding 

(for example Umwelt and epistemic actions) results in the ‘mind’ or intelligence, 

since our boundaries extend further out to the world, than we initially assumed. As a 

result, it has been argued that cognition is not an activity of the mind alone, since the 

mind is ‘leaking’ out to the environment, using Clark’s (1997) own vocabulary, but 

instead cognition is distributed across the agent, the actual situation and its resources. 

This has led to the claim that the environment is a part of the cognitive system (cf.  

Clark, 1997, 1998; Hutchins, 1995; Thelen & Smith, 1994; Wertsch, 1998; Wilson, 

to appear). Therefore, it is very hard to decide what the ‘border’ is between our 

senses and the world. There is not possible to draw a sharp line between what goes 

on ‘inside’ the mind and what takes place in the world. Bateson (1972, p. 459) has 

earlier raised the same question in the following thought experiment. 

 

Suppose I am a blind man, and I use a stick. I go tap, tap, tap. 
Where do I start? Is my mental system bounded at the hand 
of the stick? Is it bounded by my skin? Does it start halfway 
up the stick? Does it start at the end of the stick? 

 

Hence, the border between our senses and the surrounding world may be erased, and 

it has been argued that we may ‘think’ with calendars and road signs (Norman, 

1993a). It is considered that the social and cultural environments function in the 

same way, namely to better support and extend our natural cognitive abilities. 

Moreover, Clark (1997) particularly argues of the importance of two very special 

forms of scaffolding, namely public language and culture. 

 

In sum, we may interact with other people, situations and artefacts to accomplish 

purposeful actions. The circumstances and the interactions you confront will never 

be identical; therefore they affect your behaviour in different ways. The environment 

never triggers anything; instead it is in this flow of interaction with the environment, 
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our body and the thoughts in our head that we acquire knowledge, meaning and 

intelligence according to the situated approach (Suchman, 1987). 

 

2.4 Critiques of the Situated Approach and State-of-the-Art 
 
The previous presented sections in this background chapter have, until this point, 

reviewed the development in cognitive science and AI from its foundation in the 

middle of the 1950s to the foundation of the situated approach. However, this 

overview may so far have given the false impression that the traditional 

computational paradigm and its foundations have been replaced by the situated 

approach. Indeed, this is not the case, since there is an ongoing debate between these 

two separate views of cognitive science5. The following sections will present, and 

discuss some of the criticism aimed against the situated approach, and then 

concluding with an account for the ‘state-of-the-art’ of the situated cognition. We 

particularly stress the importance of the social and cultural environment, since it has 

been argued that social situatedness may be of importance for the development of 

individual intelligence, both in human and artificial systems (cf. Dautenhahn, 1995; 

Edmonds, 1998; Lave, 1991). 

 

Roughly speaking, on the one hand, the traditional computational approach tends to 

emphasise the internal (symbolic) processes inside the individual ‘cognizer’, creating 

a gap between ‘things’ outside, and the internal processes taking place within the 

head. On the other hand, the situated paradigm focuses entirely on the interaction 

between the environment and the human, which means that we cannot divorce 

human cognition from the actual situation and its circumstances, like historical 

explanations, social and cultural factors. In sum, the computational approach may 

underrate the value of these external structures, and emphasises the role of internal 

processes, while the situated approach tends to overrate the importance of the 

surroundings, and neglects the internal aspects of cognition, according to Norman 

(1993b).  
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Some proponents of the computational approach argue that the situated approach is 

taking a step back towards behaviourism, since the environment plays such an 

important role in the situated approach. Conversely, the situated approach striked 

back, claiming that the computational approach is disembodied and lacking 

situatedness (cf. Norman, 1993b). 

 

The situated approach has a lot of unsolved problems, generally the lacking of a 

unified theory and especially the struggle of the role of representations. Vera and 

Simon (1993), which are proponents of the computational approach, made a critical 

review of the situated paradigm and come up with the conclusion that the situated 

approach still is symbol processing and therefore do not propose anything new in a 

theoretical way. Vera and Simon (1993) argue that the situated approach makes use 

of external representations, rather than internal ones, through an operative symbolic 

manipulation of the affordances provided by the environment. According to Vera and 

Simon (ibid.) the situated approach’s criticisms against the computational approach 

are misleading and redundant, since the situated approach still in their opinion are 

computationalism, but the computational loop is extended to include the 

surroundings. On the other hand, the situated approach has also been accused to be 

another form of behaviourism, since it does not pay so much attention to the internal 

processes. It has been argued that if we take away the representations we will be 

back on the behaviourist stage. According to proponents of the situated approach this 

is a misleading interpretation of situated cognition, since they argue that there are 

important differences between these paradigms.  

 

According to the behaviourist school (cf. Watson, 1913: Skinner, 1953) we can be 

able to manipulate behaviour, if we know the exact stimuli, we will know the correct 

response in beforehand, since the resulting behaviour is linked through a certain 

stimuli-response association. Hence, we are reacting according to a certain stimuli. 

On the contrary, according to Suchman (1987) we will never be able to ‘manipulate’ 

the human in the strong sense as in behaviourism, since the behaviour emerges as 

                                                                                                                                                             
5 But we shall remember that both share the basic assumption that cognition is purely materialistic, 
namely that it does not exist any mentalistic substances like a ‘soul’ or a ‘spirit’, since all cognitive 
and mental experiences is completely a result of materialistic components (cf. Franklin, 1995). 
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result of the circumstances in the actual situation. Suchman (1987, p 179) 

exemplifies this by claiming, “the emergent properties of action means that it is not 

predetermined, but neither is it at random”. Therefore similarly situation can lead to 

different behaviours, and different situations can result in the same behaviour. We 

can have our own output as input, as a kind of recursive action loop. Hence, the 

person himself subjectively defines the problem and constructs a solution according 

to the circumstances and the person own experiences. By way of conclusion we 

cannot predict what is going to happen, except that something is going to happen, as 

situations change as time flows. This is illustrated by an utterance of Heraclites who 

once said:”You cannot enter the same river twice”, since the act of ‘entering’ 

changes the nature of the river itself.  

 

Another issue for the situated approach is the question of subject and identity. If the 

mind is ‘leaking’ out to the environment, through its flow of interactions (cf. Clark, 

1997, 1998; Suchman, 1987, 1993; Wertsch, 1998), where does the subject ‘end’ and 

where does the environment ‘begin’? Consequently, it has been argued that we will 

be a ‘different’ person in different environments, since identity will be flexible and 

bringing to a head, it might be considered that the individual will ‘disappear’. The 

proponents of the situated approach claim that this will not happen; since we carry 

our individual continuous history of experiences and that we have tuned ourselves to 

certain paths in certain circumstances (Lave, 1988). Bringing together, according to 

the nature of the situated approach there are new demands for the scientific study of 

cognition, both conceptual and methodological (cf. Clark, 1997). The above 

statement of some of the criticism and problems that have to be solved within the 

situated approach will end this topic for the moment. Instead, we will go on and 

address the social dimension of the situatedness. 

  

Clancey (1997) argued that the transmission of the concept ‘situatedness’ from the 

social sciences domain to the AI field has lead to an alteration of its initial meaning, 

which is “something conceptual in form and social in content to merely “interactive” 

or “located in some time and place””(1997., p 23). If we review the notion of 

situatedness from the social sciences perspective, (Lave 1991) has, as an 
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anthropologist, argued that being ‘physical located’ is not the same as being really 

situated. She argued that we have to consider the impact of the agent’s historical 

background and previous experiences in a situation, and not only focus on real-time 

interactions with the surroundings at the moment. If we relate Lave’s view of 

situatedness to Dreyfus’s (1972/79) earlier criticism against traditional AI (see 

section 2.2), we will remember that he in general argued of the importance of 

situatedness to achieve intelligence “since intelligence must be situated it cannot be 

separated from the rest of human life”. Dreyfus’s declaration of the concept of 

situatedness has a tenor that includes more than a close coupling with a physical 

world, since Dreyfus (ibid.) stresses the impact of ‘cultural practice’ and ‘coping 

with objects and people’.  

 

If we then return back to the previous presented mobile robot Herbert, which 

actually is situated according to Brooks (1991b) characterisation of situatedness from 

an AI perspective, but in the view of Clancey’s (1997) criticism against the use of the 

concept in the AI field, Herbert actually is not situated in that case. Hence, Herbert 

then is to some degree physically situated, but lacks complete situatedness, according 

to the social science point of view, and also to Dreyfus’s opinion, since the robot 

only copies with his physical surroundings, but not posses ‘cultural practice’ or 

‘copying with other people’, thus Herbert apparently is not situated, since he actually 

lacks the social dimension of situatedness.  

 

From a situated AI perspective, physical situatedness can be considered to be a first 

necessary step, but probably not in itself sufficient, for the development of individual 

intelligent behaviour. Moreover, the previous ‘narrow’ view of only physical 

situatedness within situated AI has been extended through attempts taking the social 

and cultural environments into account; so-called socially situated AI (cf. Brooks et 

al., 1999; Dautenhahn, 1995; Edmonds, 1998, Kozima, 1999).  

 

This chapter has presented the chronological progress in cognitive science and AI 

until now, and focused on the situated approach. In the next chapter we present 
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different perspectives of the social nature of situatedness for natural and artificial 

intelligence.
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3. Socially Situated Intelligence 

The previous chapter has presented a historical overview of the chronological 

progress of the scientific study of intelligent behaviour within cognitive science and 

AI, from its predecessor behaviourism to the embodied and situated paradigm. The 

chapter ended with a discussion of some of the general criticism, problems, and 

‘state-of-the-art’ in the situated approach, particularly addressing the role of social 

situatedness as a core property for intelligence and its lacking in new/nouvelle AI.  

 

The main motivation in this section is to present different perspectives of the social 

nature of situatedness, more specifically we will present the role and mechanisms of 

social situatedness in various fields. We will begin with Vygotsky’s theory of 

cognitive development (section 3.1), followed by an overview to the field of 

primatology and studies on primate intelligence (section 3.2), and then avian 

intelligence (3.3). Finally we will present some contemporary work on socially 

situated AI (3.4). 

 

These, at a first glance, very different fields have a lot in common, as we will see, 

since they have, from different but complementary perspectives, investigated and 

explored the role and mechanisms of social situatedness to develop individual 

intelligence. However, they have distinct positions, since they arrive from different 

eras and contexts, but let us see what the respective perspectives have to tell us about 

the role and relevance of social situatedness for natural and artificial intelligence. 

 

 

3.1 Vygotsky’s Theory of Cognitive Development 
 
The Russian scholar Lev Semyonovitch Vygotsky, viewed individual cognition and 

intelligence as culturally based, since he grounded his theory in the cultural history 

of the human species and the child’s interactions with other people in its particular 

culture. Vygotsky was active during the 1920s and initial 1930s, and died an 

immature death from tuberculosis in 1934, at the age of 37. Unfortunately, his work 

was not spread to the Western world before the 1960s, when the first translation to 
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English appeared in 1962. The causes for this delay6 are probably the past form of 

government in Soviet Union under Stalin, which forbid Vygotsky’s work until 1956, 

and the fear against communism, especially in the USA, since Vygotsky’s work 

initially had the aim to support Marxism theory (Kozulin, 1986).  

 

3.1.1 The Nature of Human Intelligence 
 
According to Gredler (1992) and Kozulin (1986) was Vygotsky initially active 

during an era when Russian psychology was dominated by behaviouristic reflex 

theories, proposed by, e.g., Pavlov. Besides contemporary Russian psychology, 

Vygotsky was familiar i.e. with the European Gestalt psychologists as Koffka, 

Buhler, and Köhler, and also the early works of the Swiss psychologist Piaget. 

Vygotsky himself was critical of both behaviourism and Gestalt psychology; he 

argued that these studies, in their “zoological models”(Vygotsky, 1934/1962 p. 130) 

removed the essential differences between human and animal intelligence. Vygotsky 

(1925/1979a) claimed that human intelligence was “more than a leather sack filled 

with reflexes”.  

 

According to Gredler (1992) Vygotsky did initially compare animal and human 

behaviour. He stated that animal behaviour only consists of two sorts of responses, 

namely innate reflexes and acquired (or conditioned) reflexes. On the other hand, 

human behaviour comprises three sorts of ‘knowledge’. Primary, a sort of inherited 

experience that is more extensive than the innate responses of animals, and it also 

incorporates the experience of former generations as a kind of historical experience. 

Next, is the large amount of associations that emerged in the experience of others, 

and Vygotsky called this form social experience and characterised it as follows:  

 

If I know Berlin and Mars although I have never travelled outside 
my country and I have never looked in a telescope, obviously the 
origin of this experience is linked to the experience of other people 
who have travelled to Berlin and who have looked into a telescope. 
(Vygotsky, 1925/1979a p. 13). 

                                                        
6 We want to mention that the references to Vygotsky’s writings therefore sometimes will be 
presented twofold, as a result of this hold-up. The first year indicates when published within Russia, 
and the second year is the year of publishing in English, since the first translation of Vygotsky’s 
writings to English appeared nearly 30 years after his death. 
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The last sort of experience is how humans adapt to the environment. Animals 

explicitly fit into place in the environment by passive adaptation, since they only use 

the environment, as in the cases of spiders that weave webs and bees that build hives 

mechanically, always in the same manner (Vygotsky, 1925/1979a). However, 

humans actively alter the environment, according to their own interests, by active 

adaptation, for instance the when a weaver initially builds a plan of its work in the 

mind. The movements conducted during the making process and the modification 

replicate what is inside the creator’s head. Vygotsky (ibid.) called this behaviour 

repeated experience, and according to him it allows humans to develop active forms 

of adaptation that are lacking in animals.  

 

With these standpoints functioning as a basis, Vygotsky requested a psychological 

theory, which would describe the development of the abilities that is exclusively 

human (Gredler, 1992). To be able to fulfil this endeavour, he claimed that this 

would only succeeded, if all dimensions of human consciousness were the question 

of analysis. Vygotsky (1925/1979a) argued that the existing psychology had failed, 

since they were not capable of explaining the structures of human behaviour. 

According to Kozulin (1986) Vygotsky tried during the rest of his life to search for a 

new psychological methodology (neither behaviouristic nor Gestaltic), in which 

psychology would be scientific, but not at the cost of making cultural phenomena 

naturalised, and also make use of the Marxist method, without slipping into a kind of 

‘Marxist psychology`.  

 

Vygotsky’s psychological research agenda begun in his early paper Consciousness as 

a Problem in Psychology of Behavior (1925/1979a), in which the major ambition 

was to bring back the legitimacy of the concept of consciousness, but not in the form 

of introspectionism (cf. Wundt, 1874). Vygotsky (1925/1979a) was critical against 

this mentalisticä’’ convention, since it confined itself through circularly reasoning in 

which states of consciousness were ‘explained’ by the term of consciousness. 

Instead, Vygotsky (ibid.) argued that if consciousness is taken as a subject of study, 

then the explanation of it must be sought in some other dimension of reality. 

Vygotsky proposed that socially meaningful activity and functions play this role as a 
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‘producer’ of consciousness. Vygotsky’s first move towards specification of this 

stance was his idea that individual consciousness is constructed from outside, 

through interactions with other people.  

The mechanism of social behaviour and the mechanism of 
consciousness are the same…We are aware of ourselves, for we are 
aware of others, and in the same way as we know others; and this is as 
it is because in relation to ourselves we are in the same as others are to 
us (Vygotsky, 1925/1979a, p. 29-30). 
 
 

3.1.2 Basic Assumptions in Vygotsky’s Theory 
 
According to Gredler (1992), Vygotsky’s goal was to generate a theory that was both 

theoretical and methodological valid to investigate exclusively human abilities and 

he declared four basic assumptions (discussed in further detail below). First, he 

stated his view of the nature of human intelligence. Second, he described two 

separate lines of psychological (or cognitive) development, namely, biological and 

sociohistorical factors Third, the character of human psychological processes, and 

finally a design of an experimental method, which would be able to investigate these 

dynamical psychological processes.   

 

The Nature of Human Intelligence is according to Vygotsky developed through the 

individual’s interactions with the external world; more precisely it is a result of social 

interactions and social experiences (cf. Vygotsky, 1929/1977; 1934/1978).  

 

Vygotsky (1929/1977, 1934/1978) made a differentiation between elementary and 

higher mental functions, since he imagined that our elementary mental functions had 

to be those functions that were genetically inherited, and then existed both in animals 

and humans. These elementary (at times called natural) mental functions were 

elementary memory, perception, attention, and will, which were controlled by the 

recognition of co-occurring stimuli in the environment. Gredler (1992) gives an 

example of the young gazelle that learns to identify the presence of a lion as a sign of 

‘danger’. Vygotsky (1929/1977) called this process signalisation, and it is a fraction 

of the biological inheritance in both animals and humans. Gredler (1992) exemplifies 

this process in human behaviour, as a child places his/her hand on a hot stove, then 
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gets burned and feels pain. When the child id approaching the stove once more, the 

child remembers the pain and experiences ‘warning’.  

 

The higher (occasionally called cultural) mental functions are exclusively human and 

emerge increasingly in a dynamic way of radical transformations of the lower ones. 

The basic shapes of Vygotsky’s distinction between the elementary and higher 

mental functions are displayed in the following note on memory, (notice that 

Vygotsky here used the term ‘natural’ instead of ‘elementary’). 

 

           A comparative investigation of human memory reveals that, even at 
the earliest stages of social development, there are two, principally 
different, types of memory. One, dominating in the behavior of 
nonliterate peoples, is characterized by the nonmediated impression of 
materials, by the retention of actual experiences as the basis of 
mnemonic (memory) traces. We call this natural memory, and it is 
clearly illustrated in E. R. Jaensch’s studies of eidetic imagery. This 
kind of memory is very close to perception, because it arises out of the 
direct influence of external stimuli upon human beings. From the 
point of view of structure, the entire process is characterized by a 
quality of immediacy. 

 
           Natural memory is not the only kind, however, even in the case of 

nonliterate men and women. On the contrary, other types of memory 
belonging to a completely different developmental line coexists with 
the natural memory. The use of notched sticks and knots, the 
beginning of writing and simple memory aids all demonstrate that 
even at early stages of historical development humans went beyond 
the limits of the psychological functions given to them by nature and 
proceeded to a new culturally-elaborated organization of their 
behavior. Comparative analysis shows that such activity is absent in 
even the highest species of animals; we believe that these sign 
operations are the product of specific conditions of social 
development. (Vygotsky, 1934/1978, p 38-39) 

 
 
In the above quote Vygotsky focused on the central principles that differentiate 

between elementary and higher mental functions. Primarily he mentioned the shift of 

control from the environment (signalisation) to the individual’s voluntary regulation 

of his/her behaviour. Next, he claimed that social origins and nature are the driving 

force of higher mental abilities, as well as the use of psychological tools (like signs) 

that mediate higher mental functions.  
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Vygotsky (1934/1978) continued to argue that such a simple operation for example, 

as tying a knot as functioning as a memory cue, altered the psychological 

construction of remembering. As a result, the memory process was extended beyond 

the biological inherited factors, by incorporating artificial or self-generated stimuli 

that Vygotsky called signs (nowadays refereed as psychological tools cf. Wertsch, 

1985), and was the key difference between animal and human behaviour. He argued 

that previously in human evolution, humanlike ancestors developed simple tools, and 

this invention led to a shift of behaviour, since it resulted in an important change in 

the pattern of thinking. Humans created artificial symbols, with the aim to assist 

them in important tasks in communication, and this changed the whole structure of 

thinking. According to Gredler (1992) two psychological events result from this 

action, namely that new connections are established in the brain through the act of 

perceiving the external remainder, and returning back the ‘thought’ it represents. 

Second, Vygotsky (1929/1977, p. 69) argued that human behaviour is not only 

controlled by environmental stimuli (signalisation), since humans are “constructing 

the process of memorizing by externally forcing an external object to remind them of 

something”. Vygotsky (1929/1977) calls this process of conveying meaning to an 

arbitrary stimuli, as described above as signification, whereas this process makes it 

possible for humans to master their memory and new modes of remembering and 

thinking are developed (Gredler, 1992). Vygotsky (1930/1966) argued that this 

signification operation is not possible for an animal, and this process was the starting 

point for the separation between human and animal intelligence. Scribner (1985) 

interpreted this use of arbitrary stimuli, like symbols (or psychological tools) as the 

advent of culture, and through history humans have sustained to invent and develop a 

variety of symbols and signs, which operate to increase the cognitive abilities of each 

new generation.  

 

In elementary functions there is a direct link between stimuli in the environment and 

a response from the organism, which Vygotsky expressed by a stimuli� response 

formula. On the other hand, for higher mental functions the structure differs 

significantly, since it entails an intermediate link between the stimuli and the 

response. This intermediate link is a sign or another psychological tool, which is 
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‘drawn into’ the cognitive operation to fulfil a special function, creating an altered 

relation between stimuli and response. Vygotsky (1934/1978) used the expression 

‘drawn into’ because it stresses that the individual must be actively engaged in 

establishing such a link. This sign also possesses the important characteristic of 

reverse action (that is, it operates on the individual, not on the environment). 

Consequently, the simple stimuli-response process is replaced by a complex, 

mediated act.” (Vygotsky, 1934/1978, p. 39-40). This altered process is illustrated in 

figure 1. 

 

 

        Stimuli  Response 

  

 

Mediated act 

Figure 1. The organisation of higher behaviour via a mediated act. Adapted from Vygotsky 
1934/1978.p. 40 
 

Vygotsky (1934/1978) declared that this type of organisation is fundamental to all 

higher mental processes; hence in a much more complicated structure than illustrated 

above.  The nature of this intermediate link is neither a method of improvement of 

the cognitive operation, nor an ‘extra’ link in the stimuli-response principle. Thus 

this auxiliary stimulus has the function of reverse action, since: 

 

It transforms the psychological operation to higher and qualitatively 
new forms and permits humans, by the aid of extrinsic stimuli, to 
control their behaviour from the outside. The use of signs leads 
humans to a specific structure of behaviour that breaks away from 
biological development and creates new forms of culturally-based 
psychological processes. (Vygotsky, 1934/1978, p. 40, original 
emphasis).  

 

The lower mental functions do not disappear in the ‘developed’ or ‘extended’ mind, 

but they undergo an organisation and structuration according to particularly human 

cultural activity. According to Kozulin (1986) we only find the natural lower 

functions if we decompose a higher mental function into its subparts. Vygotsky 

(1934/1978) argued that this fact assures the scientific stance of his method, since it 
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does not require any ambiguous metaphysical categories in order to come up to the 

higher, more intelligent forms of behaviour. All the components of higher mental 

behaviour appear to be materialistic and could therefore be investigated by common 

empirical methods. But, Kozulin (1986) argues that this supposition does not entail 

that a higher mental function can be decreased to lower functions. Hence, the only 

thing that the decomposition displays to us is with which substance the higher forms 

are built, not how they are constructed. The reason for this view is that this 

constructive notion of higher mental functions lies outside the individual, in form of 

arbitrary symbols, and signs as psychological tools and interpersonal relations. 

Hence, these psychological tools function as mechanisms for the construction of 

higher mental functions, as Vygotsky (1928/1981, p. 141) stated as follows: “in the 

instrumental act, humans master themselves from the outside – through 

psychological signs”.   

 

As a result of Vygotsky’s analysis of the differences between animal and human 

behaviour, resulting in elementary and higher functions, he identified two different 

outlines of psychological development, namely biological principles and 

sociohistorical factors (Vygotsky, 1929/1977).  

 

Starting with the biological factors, which are a part of our phylogenetic 

development, and incorporates the development of the central nervous system, and 

physical growth and maturation. These biological factors control the early month of 

life in humans, responsible for the development of perception, simple memory and 

involuntary attention, and Vygotsky (1929/1977) called the emergence of these 

elementary mental functions natural (or primitive) development. The second outline 

of development is the sociohistorical, and it embarked on with the invention and use 

of culturally based sign and /or symbol systems (signification) in primitive humans. 

They function as ‘organisers’ and ‘regulators’ of human social behaviour, and 

especially language is an important organiser and/or regulator, both in form of 

speech and written text. The process of sociohistorical development differentiated 

human behaviour from animal behaviour, and it also has a significant role in the 

cognitive development of the individual child, since the child literally is born into the 
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symbol system of his/her particular culture, and depending on their ‘power’ and 

complexity, they lead to a development of less or more advanced cognitive abilities. 

Vygotsky (1929/1977) sustained that the range of symbols (e.g. different languages 

or counting systems) will direct to differences in the levels of cognitive (mental) 

functions that can be developed in the individual child. As a result, Gredler (1992) 

argues that we cannot identify universal stages of psychological development across 

different cultures, if we follow Vygotsky’s theories. 

 

Although sociohistorical factors influence both phylogeny and ontogeny, there exist 

three distinctions, between these perspectives (Gredler, 1992). Primary, the ontogeny 

in the individual child does not replicate the stages of phylogeny in human 

civilisation. Second, the creation of human culture and the internalisation process in 

the child are psychologically different, since humans are the inventors and 

elaborators of sign and/or symbol systems in the improvement of culture, whereas 

the child becomes caught up in the activity of learning to master and internalising the 

available sign system in his/her particular culture (Scribner, 1985). Finally, the 

cultural factors for the biological development in humans were initially of minor 

importance, in terms of affecting phylogeny, whereas in the ontogeny of the 

individual child, the biological factors seem to be of secondary importance to cultural 

development, in a complicated and intertwined process, that he stated as follows:  

 

The cultural development of the child is characterized first by the fact 
that it transpires under conditions of dynamic organic changes. 
Cultural development is superimposed on the process of growth, 
maturation, and the organic development of the child: It forms a single 
whole with these processes. It is only through abstraction that we can 
separate one set of processes from another.  
 
The growth of the normal child into civilization usually involves a 
fusion with the processes of organic maturation. Both planes of 
development – the natural and the cultural – coincide and mingle with 
each other. The two lines of change interpenetrate one another and 
essentially form a single line of sociobiological formation of the 
child’s personality. (Vygotsky 1960, p. 17, quoted from Wertsch, 
1985, p. 41). 
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Hence, the behaviour of an ‘enculturated’ adult human is the product of the process 

of cognitive development, namely ontogeny, in which ‘primitive’ humans transform 

into cultural ones. Therefore, the major goal of Vygotsky’s research was to explain 

these qualitative changes by recognising the different accountable factors in this 

transformation process, and to be able fulfil his aim; he had to state the nature of the 

psychological processes.  

 

The nature of psychological processes is merely the properties of human brain and 

the nervous system, and inspired by dialectal materialism, the philosophical 

foundation of Marxism, Vygotsky was influenced by its view that the nature is a 

combination of processes, eternally changing and developing (Gredler, 1992). 

Therefore Vygotsky stated that psychological processes constantly are undergoing 

change, and to understand the dynamics of human cognitive development it entails 

the study of processes in all their modifications and phases, from the new-born infant 

to death (Vygotsky, 1934/1978). Only by conducting investigations in this way, the 

very nature of psychological processes and their essence may be discovered, “for it is 

only in the movement that a body shows what it is” (ibid, p. 65). Vygotsky then 

criticised the current behaviouristic model of psychological investigation, and he 

claimed that until psychology alters its investigation methods, and bases its studies 

on the idea that psychological functions modify under the power of sociohistorical 

experience, psychology as a science would never find out how human intelligent 

behaviour emerge. 

 

In order to discover the development of higher mental functions, Vygotsky and his 

collaborators, set up experiments referred to as the experimental-genetic method 

(Vygotsky, 1929/1979b). The investigations were often conducted on children of 

various ages, performing different tasks, whereas the experimenter presented 

different ‘obstacles’, and wanted to observe how the child managed (or not) the 

‘new’ situation. Another form of investigation technique was to present the child 

with a somewhat too difficult problem, and investigate how the child tried to manage 

the situation, with different aids, as pictures or symbols, and the experimenter then 

observed how and to what extent the child used the helping objects. By conducting 
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these various experiments on children of different ages, as well as with adults, 

Vygotsky recognised differences in cognitive behaviour (Vygotsky, 1934/1978). He 

also mentioned a major worry in his studies of behaviour, namely, the problem of 

fossilised behaviour, i.e. processes that have gone through a long phase of historical 

development and have become automated or mechanised processes, since they have 

been repeated for uncountable times, they have lost their original form. The major 

problems with these processes are that their external forms do not tell us anything 

about their internal construction. Gredler (1992) gives an example of such a 

fossilised behaviour. She mentions ‘voluntary attention’, which is controlled by the 

individual in its ultimate form are self-directed internally using self-generated 

stimuli, and since this process is unnoticeable and has become automated in adults, it 

is identical on the outside with involuntary attention. But Gredler (1992) declared 

that involuntary attention is neither self-monitored nor self-directed. 

 

Summing up Vygotsky’s basic assumptions, we can note that he particularly stressed 

the important role of sociohistorical experience, as primary (in combination with 

biological factors) responsible for the development of uniquely human cognition. 

Human cognition differs from animal cognition, which only develop with cognitive 

processes of signalisation, whereas humans actively modify the environment to suit 

their objectives. Consequently, in order to organise and regulate social groups 

humans invented complex sign and symbol systems (psychological tools), which are 

the key characteristics of human experience that control cognitive development, as 

language, speech, mathematical systems etc. The higher mental functions, like 

logical thinking in humans, are a result of this process of signification. The nature of 

human psychological (or cognitive) processes is dynamic and constantly changing, 

and must therefore be investigated by research methods that expose their dynamic 

matter. The run-a-way train for human intelligence was this creation and use of 

arbitrary stimuli, like symbols. The symbol represents a thought and this process 

generates new links between the object (symbol or sign) with the thought, resulting 

in a modification of the cognitive processes of thinking and remembering by 

mediated acts. By way of conclusion, both biological and sociohistorical factors 

contribute to the cognitive development in humans. The biological factors are 
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responsible for the elementary mental functions, while the sociohistorical factors, as 

the specific culture that the child is born into, its symbol system and the interactions 

with the people of the culture are essential factors in cognitive development. 

Nevertheless, while we have displayed the role and impact of sociohistorical factors 

for intelligent behaviour, we will now focus on the processes and mechanisms that 

transform elementary functions into higher ones. 

 

3.1.3 The Transformation from Elementary to Higher Mental Functions 
 
Kozulin (1986) pointed out that Vygotsky’s focus of interest in his research during 

1926-1930 was the experimental investigation of the mechanisms of transformation 

of elementary (natural) functions into the higher functions, as logical memory, 

selective attention, decision-making, and language comprehension. Vygotsky 

declared that “the development of complex mental functions involved two unique yet 

connected processes” (Vygotsky, 1930/1966, p 16). Firstly, the mastery of the 

external means of cultural development and thinking; such as language, counting and 

writing, and second, the process to learn to use symbols to master and regulate one’s 

own cognition, stated as follows: “Complex mental functions are developed in the 

process of subordinating symbol systems to human control to carry out cognitive 

tasks” (Vygotsky, 1929/1979b, p 69).  Stated briefly, the child initially has to learn 

the particularly symbol system in his/her culture, and then learn how to use it to 

master and control its own behaviour. This transformation process, from elementary 

(or natural) mental functions to more complex higher functions is described (not 

explained) by two key principles, namely, the previous described process of 

signification, and the other principle referred to as the General Law of Cultural 

Development (Wertsch, 1985). The essence of the formulation of the General Law of 

Cultural Development is stated as follows:  
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(a) An operation that initially represents an external activity is 
reconstructed and begins to occur internally. Of particular 
importance to the development of higher mental processes is the 
transformation of sign-using activity, the history and characteristics 
of which are illustrated by the development of practical intelligence, 
voluntary attention and memory. 

(b) An interpersonal process is transformed into an intrapersonal one. 
Every function in the child’s development appears twice: first, on the 
social level, and later, on the individual level; first, between people 
(interpsychological), and then inside the child (intrapsychological). 
This implies equally to voluntary attention, to logical memory, and 
to the formation of concepts. All the higher functions originate as 
actual relations between human individuals. 

(c) The transformation of an interpersonal process into an intrapersonal 
one is the result of a long series of developmental events. The 
process being transformed continues to exist and to change as an 
external form of activity for a long time before definitively turning 
inward…The internalisation of socially rooted and historically 
developed activities is the distinguish feature of human activity, the 
basis of the qualitative leap from animal to human psychology. 
(Vygotsky, 1934/1978, p. 56-57, original emphases) 

 
 

Vygotsky (1934/1978) called this process of transforming an interpersonal process 

(human-to-human interaction) into an intrapersonal one - internalisation. In order to 

explain the essential role of social interactions during this transformation process, 

Vygotsky (1934/1978) illustrated that by the developmental process of pointing in 

the child. He claimed that initially, it is only a simple and incomplete grasping 

movement directed towards a desired object, and is only represented by the child’s 

reaching and grasping movement, and nothing more. When the caretaker comes to 

help the child, the meaning of the gesture situation itself changes, since it obtains 

another meaning, as the child’s failed reaching try provokes a reaction, not from the 

desired object, but from another person. The individual gesture ‘in itself’ becomes a 

gesture ‘for-others’. The caretaker in this case interprets the child’s 

grasping/reaching movement as a kind of pointing gesture, resulting in a social 

meaningful communicative act, whereas the child at the moment is not aware of 

his/her communication ability. However, after a while the child becomes aware of 

the communicative ability of his/her movements, and then begins addressing his/her 

gestures towards other people, rather then to the object of interest that was the child’s 

primary focus initially. The grasping movement changes to the act of pointing (ibid. 
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p 56). Kozulin (1986) mentioned that it is essential to note that the child 

himself/herself is the last person who ‘consciously’ grasps the ‘new’ meaning of 

his/her own pointing gesture. 

 

The zone of proximal development is related to the transformation process of 

internalisation in the child, whereas interpersonal functions emerge to intrapersonal 

ones. It is in the zone of proximal development, through social interactions that the 

child learns how to use the tools available for them, especially the psychological 

ones. Vygotsky (1934/1962; 1934/1978) noticed that when a parent or another 

person gives meaning to the child’s interaction, when the child is unable to do so for 

himself/herself, the person is working in the zone of proximal development. 

Vygotsky (1934/1978. p.86, original emphasises) characterised the zone of proximal 

(or nearby) development as follows: 

 

It is the distance between the actual developmental level as 
determined by independent problem solving and the level of potential 
development as determined through problem solving under adult 
guidance or in collaboration with more capable peers. 
 

According to Vygotsky (1934/1978) it was more interesting to investigate the child’s 

mental development by studying what a certain child is able to do with the assistance 

of other people, than study what the child can perform alone. The reason for 

Vygotsky’s interest in the difference that a child can achieve without, and with 

assistance as stated in the zone of proximal development, was that in this zone he 

could identify those mental functions that were in the process of maturation. He then 

termed those functions as the “buds” or “flowers” of development, before the “fruits” 

of development (the matured individual). 

 

The actual developmental level characterizes mental development 
retrospectively, while the zone of proximal development characterizes 
mental development prospectively. The zone of proximal development 
furnishes psychologists and educators with a tool through which the 
internal course of development can be understood. (Vygotsky, 
1934/1978, p 86-87).  
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The assistant person realises the child’s achievement by means of clues, hints, 

explanations, joint participation, encouragement, regulating and controlling the 

child’s focus of attention and so on.  The more skilled person develops, and extends 

the actual mental processes and competencies that already have matured in the child 

and proposes him/her with supportive manners at a stage a bit further than the actual 

stage that the child is for the moment. Vygotsky (1934/1978) also related imitation 

and learning to the zone of proximal development. He declared that a child merely 

can imitate what is within his/her zone of proximal development, and he illustrated 

this with an example in lecturing mathematics.  If a teacher presents a solution to a 

mathematical problem with too advanced arithmetic, the child would not grasp the 

solution, even if the solution were presented repeatedly. The child can therefore only 

‘imitate’ and adopt a solution to a problem or an activity if it is within the boundaries 

of the child’s particular zone of proximal development.  

 

Vygotsky (1934/1978) argued that only humans possess a zone of proximal 

development, since he interpreted Köhler’s (1925) studies of chimpanzees’ problem 

solving as showing that chimpanzees only could imitate and solve problems at the 

same difficulty level as the problems that they can solve on their own, since 

chimpanzees cannot be ‘taught’ or ‘lectured’ by imitation. Therefore will their minds 

never be developed and extended further than their biological heritage, because they 

are lacking a zone of proximal development, stated as follows:  

 

A primate can learn a great deal through training by using its 
mechanical and mental skills, but it cannot be made more intelligent, 
that is, it cannot be taught to solve a variety of more advanced 
problems independently. For this reason animals are incapable of 
learning in the human sense of the term; human learning presupposes 
a specific social nature and a process by which children grow into the 
intellectual life of those around them. (Vygotsky, 1934/1978, p. 88, 
original emphases). 
 

 

According to Vygotsky (1934/1978) the main difference between humans and 

animals in general is that human children are able to imitate a set of activities that 

goes far above the limits of their present capabilities. When using imitation the child 
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can manage more difficult tasks with guidance or assistance. Therefore he argued 

that all learning should be oriented towards the forthcoming developmental levels, 

instead of focusing on the present levels. Hence, “the only ‘good learning’ is that 

which is in advance of development” (Vygotsky, 1934/1978, p. 89).  

 

3.1.4 The Role of Psychological Tools and Mediated Actions 
 
Initially, Vygotsky stated that the basic psychological ‘unit’ of internalisation was 

word meaning, since “new psychological processes develop when signs are used as 

the mechanisms by which the mind extends itself into the world” (Vygotsky, in Lee, 

1987, p 92). However, Vygotsky later altered his opinion, and concluded that all 

human higher mental functions have to be viewed as products of mediated (or 

indirect) activity (1934/1978). Both psychological tools (arbitrary stimuli and sign 

systems) and the means of interpersonal communication play the roles of 

‘mediators’, and these psychological tools are artificial configurations. They function 

as internally oriented, since they transform the naturally human abilities and skills 

into higher mental functions, and a well-known example of a ‘psychological tool’ is 

a knot in a handkerchief as a memory aid. However, the person that tied the knot 

established the connection between the ‘thought to be remembered’ and the ‘process 

of remembering’ it, since the person functioned as a regulator of mediated  (or 

indirect) activity. The process of tying a knot, to function as a ‘self-regulated 

stimulus’ in form of a sign (psychological tool) as a kind of indirect (or mediated) 

memory is an example of the internalisation process from elementary to higher 

mental functions.  

 

The invention, and use of sign (or arbitrary stimuli as auxiliary ‘supporting’ means) 

to perform an advanced cognitive ‘task’ like remembering, decision-making, etc, is 

analogous to the invention and use of tools, since the sign (psychological tool) 

functions as mechanisms of psychological activity in a manner analogous to the role 

of a tool in work. However, this analogy has significant differences, because the two 

separate activities have crucial distinctions. Vygotsky (1934/1978) warned for 

serious misinterpretations of this analogy, like statements as “the tongue is the tool of 

thought” (ibid. 53). Instead, he searched for understanding the behavioural role of 
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signs as tools. The basic foundation in the analogy between sign and tool lies on their 

mediating function, which characterise both of them. Consequently, they will be 

included under the same category, from a psychological standpoint, as illustrated in 

figure 2 below.  

 

 

 

 

 

Figure 2. The relation between tool and sign as regulators of mediated activity. Adapted from 
Vygotsky, 1978, p. 54. 
 

Vygotsky (1934/1978) declared that the essence of the use of signs for mediated 

activity is that they influence and have an effect on human behaviour, since actions 

conducted with these psychological tools, create thoughts. In 1933 he stated that “the 

central fact about our psychology is the fact of mediation” (Vygotsky, 1982, p 166, 

quoted from Wertsch, 1985, p. 15). 

 

The most important distinction between a technical tool and a psychological sign lies 

in how they affect human behaviour. The technical tool is externally oriented, 

towards changing objects; compare the different writing process with a word 

processor in relation to write with a pen. On the other hand, signs or psychological 

tools are internally oriented, by changing ways of thinking, controlling, regulating 

and organising behaviour. As a consequence, tools both in form of technical and 

psychological (signs) transform cognition. Vygotsky also declared that the mastering 

of external tools and the mastering of psychological tools are inter-linked through 

phylogeny and ontogeny, resulting in higher psychological functioning or behaviour. 

These psychological tools enable to bridge the gap between elementary and higher 

mental functions, and they include “various systems for counting; mnemonic 

techniques; algebraic symbol systems; works of art; writing; diagrams; maps, and 

technical drawings; all sort of conventional signs, and so on”(Vygotsky 1928/1981 

p.137). Of the psychological tools, which mediate our thoughts, feelings and 

behaviour, language is the most significant. Vygotsky (1934/1962, 1934/1978) 

Mediated activity 

Technical tools Signs (Psychological tools) 
ns 
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declared that the primary function of language, in form of speech, is a social device 

for social contact, and interpersonal communication, influencing other people, since 

“the child begins to master his surroundings with the help of speech” (Vygotsky, 

1934/1978, p 25). Later, this social speech transforms and becomes egocentric 

speech, which internalises social speech for the child’s own ends, characterised as 

follows: 

 
The transformation process from the external social plane to the 
internal psychological plane is one which the child begins to practice 
with respect to himself the same forms of behaviour that others 
formerly practiced with respect to him (Vygotsky, 1930/1966, p 40). 
 
 

Vygotsky (1934/1962) argued that this egocentric speech is a transition from social 

speech (between people) to inner speech, which ‘goes’ inward into the mind, by 

directing thinking, organises the behaviour of others and in oneself. Consequently, 

the interpersonal becomes intrapersonal, and ‘actions’ with this special psychological 

tool, creates thought, since language liberates us from our immediate perceptual 

experience and allows us to also represent the past, the future and the un-present. 

Thinking and language are dynamically related, since understanding and producing 

language are a process that not just only influence rather transforms the process of 

thinking. “Just as a mold gives shape to a substance, words can shape an activity into 

structure” (Vygotsky, 1934/1978, p. 137). Vygotsky stated that language “alters the 

entire flow and structure of mental functions. It does this by determine the structure 

of a new instrumental act, just as a technical tool alters the process of natural 

adaptation by determining the form of labour operations” (Vygotsky, 1928/1981 p. 

137).  

 

3.1.5 Critique  
 

Various forms of criticism has been raised against Vygotsky’s work, especially that 

he did not pay enough attention to the biological factors in his work, particularly in 

his empirical research. According to Davydov and Radzikhovsky (1985) there is a 

major gulf between ‘Vygotsky the psychologist’ and ‘Vygotsky the methodologist’. 

They argued that Vygotsky almost exclusively focused on the socio-cultural forces in 
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his empirical studies, and that he neglected the biological line of development, 

especially the physical maturation in the child during its first years of life. They 

further argue that Vygotsky tended to view the biological factors as ‘raw materials’, 

which then were transformed by the socio-cultural forces, whereas he mentioned 

almost nothing about how changes in the biological factors may influence the socio-

cultural ones. On the other hand, Wertsch argued (1985) that Vygotsky himself was 

aware of the necessary, but not sufficient, conditions provided by the biological 

factors, since he assumed that the natural factors played the major role in early 

ontogeny, and that the cultural forces take the leading role later in ontogeny. 

However, Vygotsky stated his opinion of the role of biological factors in the 

following quote: “organic maturation plays the part of an condition rather than a 

motive power of the process of cultural development, since the structure of that 

process is defined by outward influences” (1929, p. 423). Moreover, Wertsch (1985) 

continued to argue that Vygotsky did not view advanced cognition and thinking as 

the outcome of social factors alone, since Vygotsky stated that “culture creates 

nothing; it only alters natural data in conformity with human goals” (1960, p. 200).  

 

Another criticism is that Vygotsky only managed to accomplish a broad outline, with 

very few details. This disadvantage is partly explained by the fact that Vygotsky died 

at the age of 37, before he had developed a complete theory (Wertsch, 1985). 

Weaknesses of details are, for example, vagueness of the notion of the zone of 

proximal development, which lacks explanations for which psychological processes 

are involved in the transformation process from intermental to intramental 

psychological functions, and also how we would measure the ‘width’ of the zone of 

proximal development (Miller, 1983).  

 

These examples of criticism display some of the problems with Vygotsky’s broad 

outline, but the main contribution of his theory is his claim that our advanced 

cognitive abilities emerge as a result of a prolonged ontogenetical period 

(epigenesis), in which our biological factors become shaped and constrained through 

social interactions in our particular culture. Vygotsky’s most important and unique 

claim is that these cognitive processes only can be understood if we actually 



 50 

understand the arbitrary stimuli and signs systems (psychological tools) that mediate 

them (Wertsch, 1985). Vygotsky’s explanation of mental processes is heavily 

dependent on the forms of mediation involved, thus offering a ‘wider’ explanation of 

human cognition than classical cognitivism.  

 

3.2 Primate Intelligence 
 
This section will present a very brief overview to the field of primatology, and then 

focus on the role and relevance of social interaction for the development of primate 

intelligence, both phylogenetical and ontogenetical. Then we will present some 

results obtained from wild living, and captive non-human primates concerning basic 

social mechanisms and the role of social interactions as a ‘learning mechanism’.  

 

3.2.1 Overview to the Field of Primate Cognition 
 
According to Tomasello (2000) primates emerged as a distinct order of mammals 

nearly 60 million years ago and their most apparent characteristic is the 

morphological adaptation of their hands, resulting in an increased ability to obtain 

and process food that earlier were difficult to access (Passingham, 1982). Some 

species in the order of Primate are illustrated in the phylogeny tree below (figure 3).  

 

In addition to the morphological evolution of the hand, primates have evolved 

several behavioural adaptations, some of them may be characterised as cognitive or 

intelligent, since the individual primate has to make flexible behavioural choices that 

are based on the individual’s acquired knowledge (Menzel & Wyers, 1981). To be 

able to ‘learn’ all this knowledge primates have the longest immaturity period of all 

mammals (Richard, 1985). The reason for this prolonged period may be, according to 

Tomasello (2000) that primates are in peculiar need of flexible cognitive adaptations, 

since they confront complex problems in their foraging for food, and interacting 

socially with conspecifics. 

 

 

 

 



 51 

 

 

 

 

 

 

                                                                                                                                                                         

                                                       Great apes                                                   

 

 

   

                                                       Old World monkeys 

                    Simians 

  

                                          New World monkeys 

Primates 

 

                      Strepsirhines 

 

 

Figure 3. Primate phylogeny, with examples of spieces. Adapted from Byrne (2000, p. 437). 

 

Milton (1981) argued that the searching for food in primates offers more challenging 

tasks than for other mammals, since the primate’s food are patchily distributed in 

time and space, sometimes hidden inside nut shells and tree trunks, but particularly 

the search for fruits that mature at a certain time of the year, and then are located in 

separate areas. Milton claimed that this ecological reality might be the driving force 

for primate intelligence, since they have to remember a lot about foods and their 

spatio-temporal locations.  

 

Another common activity of primates is social interactions, and the impact of these 

interactions has lately been addressed as the major factor for the emergence of 

primate intelligence. Instead of performing tasks merely in the physical world, as 

remembering important food places, the response to the requests of a complex social 
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life is suggested to be the run-a-way train for intelligence (Tomasello, 2000). De 

Waal (1982) expressed these ideas as ‘primate politics’, and Byrne and Whiten 

(1988) called it ‘Machiavellian intelligence’. The basic idea is that primates do not 

only ‘search for food’, they also have social strategies of their own, since they may 

gain adaptive advantages by co-operating with selected conspecifics as ‘friends’ and 

learning important things from each other (King, 1994). Cheney et al. (1987) have 

reviewed the scientific evidence and proposed that primates social interactions are 

particularly more complex compared with other mammals, (which recognise 

individual group members and interact socially), especially in terms of the amount of 

and characteristics of social interactions and the numbers of communicative 

mechanisms that they use in their social relations.  

 

Which of the two adaptive problem areas – searching for food and social 

interactions, pointed out by Tomasello (2000), were the primary forces in primate 

cognitive evolution is for the moment an unsolved question. However, Dunbar 

(1993) has proposed some general support for the social origin of intelligence. He 

found out that primate neo-cortex size in the brain correlates highly with size of 

social group (operationalised as social complexity), but it does not correlating highly 

with size of foraging range (operationalised as spatio-temporal complexity). 

 

Tomasello (2000) mentioned that he together with Call (1997), have reviewed most 

of the significant studies on primate cognition. They found out and showed evidence 

that only primates form relational categories. They based their conclusion on 

evidence from learning experiments, in which the tasks were solved by transitivity, 

relational matching in away that indicates that primates may have a deep 

understanding of the problem. Tomasello and Call (1997) found evidence of forming 

relational categories from investigations of social interactions, in which primates 

appear to understand both their own relationship with other conspeficts and the 

relationship that these conspeficts have with each other. As an example, when one 

individual acts harmfully against another one, the attacked individual’s ‘friend’ 

responds by attacking the assaulting individual’s ‘friend’, since it is aware of their 

kinship relation. Following the line of these arguments, Tomasello and Call (1997) 
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suggested that human intelligence continued this kind of understanding of the 

relations between outside entities in both the social and physical domain, resulting in 

intentionality ands causality. They argued that the understanding of these subjects 

involves an understanding of dynamical relation as ‘why’ the first antecedent leads to 

the following consequent. In the physical domain this may have lead to a more 

flexible approach in problem solving. Moreover, in the social domain this 

understanding ‘why’ some behaviour happens led to an understanding that others are 

intentional beings and their behaviours are based on goal, desires etceteras that led to 

more flexible co-operations in the social domain.  

 

Tomasello (1999) addressed that there exist various forms of cultural transmission 

depending on four specific social learning mechanisms that will be presented in 

detail in the following passage:  

• Exposure: youngsters may be exposed to new learning 
experiences because they stay physically close to conspecifics, 
without learning anything from the behaviour of conspecifics 
directly –as when a youngster follows its mother and so stumbles 
upon water, thereby learning the water’s location. 

• Stimulus enhancement: youngsters may be attracted to objects 
with which others are interacting, and then learn things on their 
own about those objects – as when a young chimpanzee is 
attracted to a stick its mother has discarded, and the attraction 
sets in motion certain individual learning experiences with the 
stick.  

• Mimicking: youngsters that have adaptive specializations for 
reproducing the actual behavior of conspecifics, although 
without an appreciation for its instrumental efficiency and 
typically within a very narrowly behavioural domain – as when 
some bird species acquire their species-typical vocalizations (or 
as in the prelinguistic babbling of human infants) 

• Imitative learning: youngsters actually reproduce the behaviour 
or behavioural strategy of the demonstrator, for the same goal as 
the demonstrator. (Tomasello, 1999, p. 26). 

 

Moreover, Tomasello (1999) claimed that what really makes human intelligence 

significantly unique is its collective nature. By this he means all of the artefacts that 

enable and empower human cognition, from spoons, tools, and computers, to 

language numerical systems, and maps. They are all together the joint product of lots 

of people’s working over generations, combining and accumulating cognitive skills 
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and knowledge. The mechanism needed for being able to enter this ‘collective 

knowledge’ is according to Tomasello, Kruger, and Ratner (1993) cultural learning. 

It is during this learning process that children learn to use the symbols, artefacts and 

tools in its particular culture. The adults also function as a support for the children to 

acquire the intentional relations to these artefacts as mediators. Tomasello (1995) has 

earlier argued that this cultural learning depends critically on the ability to 

understand other’s behaviour as intentional, and he argued that human infants starts 

to acquire an understanding of other’s as intentional when they are nearly one-year-

old as they begin to engage in different kinds of joint attention interactions with other 

human beings, especially their caretakers, using such mechanisms as gaze following, 

imitation and gestural communication. 

 

3.2.2 Social Mechanisms in Primates 
 
There exist some impressive similarities between how chimpanzees and humans 

process information the eye direction and gaze-following (Povinelli, et al., 2000). 

Human infants start to respond to the gaze-direction of other humans about 6 to 

twelve months of age (cf. Scaife & Bruner, 1975; Butterworth & Jarret, 1991; Moore 

& Corkum, 1998). However, at this early age the infants watch their care-takers 

looking off in a particular direction, and then they will also turn over and look in the 

same direction. But the infant is supposed not to understand what the adult is looking 

at. Moreover, they do not follow the gaze behind themselves to allow them to follow 

the gaze into ‘invisible’ places. But when the infant reaches the age of one to one and 

a half year, they are able to focus on the same object as the adult really is looking at 

and follow the gaze behind them and into ‘hidden’ spaces (cf. Butterworth & Jarret, 

1991). In series of studies on gaze-following abilities in chimpanzees, the results 

displayed scientific evidence of gaze-following as in 18-month-old human infants 

(cf. Povinelli & Eddy, 1996a, 1996b; Povinelli, Bierschwale & Cech, 1999). Hence, 

Chimpanzees were able to follow the gaze of others (a human) in response to head 

movements and /or eyes. They were also able to follow the gaze to spaces outside 

their nearest own visual field (like looking behind them) and finally they were able to 

follow the gaze although they did not watch the head movements of the other 

individual. Furthermore, the chimpanzees did not make the mistake of following the 
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gaze right through an impenetrable vision barrier (Povinelli et al., 2000). They also 

proposed that gaze-following may be an ancient behavioural mechanism. Other 

results from Emery et al. (1997) and Tomasello, Call, and Hare (1998) showed that 

gaze-following also appears in several species of Old World monkeys and hence 

there may exist a general ability of gaze-following in primates.  

 

Povinelli et al. (2000) also discussed the ability of mutual gaze in non-human 

primates, which they argued are necessary for spontaneous communication in 

chimpanzees and other primates. Mutual gaze does not only serve as an important 

mechanism that informs and orientates of danger, it also serves to mediate complex 

social interactions. For example, Redican (1975) and Perret et al. (1990) mentioned 

that in many anthropoid monkeys direct eye contact functions as stereotyped threat 

behaviour, and e.g. de Waal (1989) mentioned that this behaviour of direct eye 

contact is also avoided in circumstances of advanced kindly social interactions. On 

the other hand, Povinelli et al. (2000) argued that mutual gaze seems only to have a 

more effective and flexible role in other great apes and humans. In these species, 

mutual gaze functions as an important mechanism, both in agnostic and affiliative 

social interactions (cf. Köhler, 1925; Goodall, 1986; de Waal, 1989; Gomez, 1990). 

For example in chimpanzees, the ability to establish mutual gaze appears to be of 

major importance throughout ‘reconciliatory’ social interactions, which follow as 

soon as possible after conflict situations (de Waal, 1989). Furthermore, experiments 

conducted by Povinelli and Eddy (1996c) displayed that chimpanzees were attracted 

to interact to a higher degree with individuals that made direct eye contact to them, 

than individuals that did not made contact.  

 

Whiten (1999a) characterised human intelligence as more deeply social than other 

species, since only human beings have the ability t penetrate other’s minds so-called 

mindreading or theory of mind, and learning important things of what we know and 

do from our inherited culture, which Whiten (2000) also called cultural learning. As 

a result of these social factors humans take advantages of co-operation abilities that 

are much greater than the individual’s own cognition. One important mechanism in 

primate cultural living is social learning (learning from others). Although primate 
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social learning and culture have been studied for since the foundation of both 

psychology and evolutionary Darwinism, it is just recently that crucial shifts of 

perspectives, theories, methods and findings have occurred (cf. Boesch, 1996a, 

1996b; Boesch & Tomasello, 1998; Byrne, 1995; Heyes & Galef, 1996; Tomasello & 

Call, 1997; Whiten, 1996, 1998b).  

 

Whiten (2000) argued that the most cognitive complex learning strategies is 

imitation. By imitation he means the ability that “an animal may learn from the 

actions of another” (ibid, p 479). As a very special form of learning, imitation is 

viewed as rather cognitive complex and distinctive, since “the imitator sees an action 

performed by another individual (the ‘model’) from the imitator’s perspective, and 

from this has to generate the actions appropriate to their own action action-

perspective” (Whiten, 2000). According to Whiten and Ham (1992) does this 

imitation process involve more than just a modification in visual perception, rather 

the imitator has to reconstruct the actions from its point of view and must recreate an 

‘action program’ of their own to be able to carry out the same actions as the model. 

What really happens cognitively in this process is yet an unanswered question 

according to Whiten (2000), and he suggested that a possible explanation is that it 

may exist many different sorts of imitation. Moreover, Whiten (ibid.) especially 

focused on two forms of imitation that are varied kinds of social-cultural learning 

mechanisms, namely imitation as “B learning some part of the form of A’s 

behaviour” (ibid, p 481) or imitation as the case when “B may emulate the outcome 

of A’s action, without copying anything of the form of A’s behaviour itself” (ibid, p. 

482). In the former kind of definition of imitation it is required that there exists some 

similarity in the imitation process, but this does not mean that an exact matching is 

needed. In the latter form of imitation there are two different senses of the concept of 

emulation, initially distinguished by Tomasello (1990). The first interpretation B is 

learning something about how the physical world functions through the 

consequences of A’s actions or manipulations on a physical object. 

 

Studies of social learning and evidence for wild primate ‘cultures’ in their natural 

habitats have been conducted particularly on chimpanzees in Africa (cf. Boesch, 
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1996a, 1996b; Goodall, 1986: McGrew, 1992, 1998). Since many of these studies 

have been long- time investigations at different areas, there have been displayed 

some behavioural patterns that are present and some sites and lacking in others. The 

validity of these findings had been verified by scientists that have visited the 

different places and observed the distinct behavioural patterns (Whiten, 2000).  

 

Specific comparisons have been performed on cracking hard nuts. Boesch et al., 

(1994) have discovered that chimpanzees to the east of the Sassandra-N’Zo river do 

not crack nuts, whereas the chimpanzees on the western side of the river deal with 

nut cracking. The river seems to be a boundary between the ability to crack hard nuts 

with tools. Moreover, physical reasons for the differences as the supply of nuts and 

tools do not differ on the two sides of the river. McGrew et al., (1997) have displayed 

that the non-cracking chimpanzees at the east (Gabon) also had all the necessary 

physical materials available.  

 

Another example of tool use in chimpanzees is Boesch’s (1996a, 1996b) comparative 

analysis of ‘ant-dipping’, in which he investigated similarities between chimpanzees 

at Gombe in Tanzania (McGrew, 1974) and Tai in Ivory Coast (Boesch & Boesch, 

1990). At Gombe chimpanzees did use a long wand (ca. 66 cm) to gather a lot of ants 

that they then swept off with their free hand and put into their month as a large mass. 

However, the chimpanzees at Tai used a shorter stick and they only gathered about 

15 ants at each time, which they swept off by their lips. Whiten (2000) concluded 

that the ant-dipping method performed by the chimpanzees of Gombe is nearly four 

times more efficient, and Boesch has checked that all the needed materials were 

available at Tai. Nevertheless, it appears that there are different ‘cultural traditions’ 

of ant-dipping at the two places.  

 

Other data of social learning mechanisms in wild primate ‘cultures’ in their natural 

habitats have been observed among Japanese macaques (Imanishi, 1957; Nishida, 

1987). They have documented the spread of certain behaviours through a macaque 

population, namely sweet potato washing and wheat-washing. These results have 

been used as the classical example of illustrating ‘culture’ and ‘imitation’ in primates 
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(Whiten & Ham, 1992).  However, Galef’s (1990) critical review of the collected 

data showed the fact the distribution of the ‘new’ behaviours were very slow and 

stable, not accelerating as it would have done if using imitation.  Instead, Whiten 

(2000) argued that this ‘new’ washing behaviour was a form of individual learning 

that some conspecifics had figured out by them self (in form of stimulus 

enhancement, see section 3.2.1). 

 

3.2.3 Experimental Studies on Social Learning Mechanisms 
 
As a result of the problems in carrying out investigations on primates in the wild, 

experimental studies of social learning processes have been conducted (for a detailed 

review see Tomasello and Call, 1997). The first conducted experiment of social 

learning strategies in chimpanzees that used conspecifics models, found out that 

subjects that watched another chimpanzee using a rake to obtain food out of reach 

were faster to successfully use the tool themselves, compared to subjects that had not 

watched the model. But the chimpanzees did not ‘copy’ the specific functionally 

important details of the actions carried out by the rake, instead they probably learned 

the causal role played by the rake, namely a tool, which afforded to obtain food that 

was out of reach according to Tomasello (1996). Moreover, Tomasello et al. (1987) 

suggested that the chimpanzees did not copy the behaviour, since they instead had 

learned about the results of the actions carried out. Instead they tended to use their 

own methods, often without success. Other experiments with apes have shown a 

similar view, that evidence of advanced social learning are lacking in non-human 

primates (see for example in Whiten, 2000).   

 

Nevertheless, recently there has been experimental evidence of sophisticated social 

learning in both apes and monkeys. In some of these investigations, the apes have 

been actively promoted to imitate, in attempts to find out if they do have or not have 

the basic competence of imitation (Whiten, 2000). On of these studies, conducted by 

Tomasello, Savage-Rumbaugh, and Kruger (1993) three chimpanzees, which had 

been reared by humans, were measured as imitating a set of actions to the same range 

as a comparison group of human children did. Nevertheless, three mother-reared 

chimpanzees scored significantly lower than the other two groups performed. In 
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another study by Custance, Whiten, and Bard (1995) two chimpanzees were trained 

to ‘do as I do’ when asked to do so, and they were exposed to 48 different actions. 

The coders were unaware of which chimpanzee that had been watching a particular 

behaviour, and the results were significant, although not in large numbers of events. 

Miles, Mitchell, and Harper (1996) also showed results like this, in their experiment 

with an orang-utan, performing ‘Simon says’ procedures 

 

A distinct sort of experimental set-up was performed by Whiten et al. (1996), in 

which chimpanzees were presented with humans, acting like models that opened an 

artificial fruit in one of two possible ways. To be able to open the ‘fruit’, the 

chimpanzees had to remove several fortifications, analogous to opening real fruits. In 

one of the scenarios the obstacles were a pair of bolts, which they either could push 

out backwards with the hands or pull out in the front, using a twisting motion. Then, 

a lid has to be opened that contained eatable treat inside it. In another form of the 

experiment, a pin was spun around the ‘fruit’, and to remove it, one could use two 

possible ways, and then a handle could be opened, either by pulling it out or turning 

it to one side, resulting in a lid to open. As a result, the chimpanzees were found to 

copy the method they watched being used to remove the bolts (push out backwards 

or pull out in the front with a twisting motion), and the same did the children. 

Nevertheless, the child did also use the same method they had witnessed in removing 

the handle, whereas the chimpanzees did not, all chimpanzees seemed to use the 

same method, namely pulling it out. Hence, the more advanced possibility to turn the 

handle to one side was only conducted by human children. This experimental set-up 

has also been applied to capuchin monkeys, which also displayed evidence of more 

sophisticated social learning (Custance, Whiten & Fredman, 1999). The 

experimenters concluded that the performances of the capuchin monkeys appear to 

be emulation or a simple form of imitation.  

 

According to Whiten (2000) there is so far only evidence of ‘real’ imitation in 

humans, chimpanzees, orang-utans, and dolphins (cf. Hayes & Hayes, 1952; Xitco, 

1988; Herman, Pack & Morrel-Samuels, 1993; Custance et al., 1995; Miles et al., 

1996). He proposed that maybe apes (and also dolphins) are aware that they are 
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imitating, in a form that species that are not able to imitate on request are. To have 

knowledge about that you are imitating is perhaps the first step towards ‘meta 

representations’.  

 

Nevertheless, Tomasello (2000) argued that non-human primates do not understand 

others as intentional beings. And therefore they do not engage in cultural learning 

and therefore they do not have a culture that obtains a cultural ‘heritage’ from 

generation to generation. The human child is born into a cognitive history of the 

human species, whereas the non-human primate infant only is born into his/her 

particular knowledge in its generation. In addition, Tomasello (2000) claimed that 

non-human primates do not actively ‘teach’ each other as humans do. As evidence 

for this standpoint he mentioned that non-human primates do not hold up objects to 

each other to see and share and their co-operations are simple and basic (Cf. Kruger 

and Tomasello, 1996).  

 

However, human do share some cognitive abilities with non-human primates as for 

space, objects, tools categorisation, quantification, understanding social 

relationships, communication, social learning and social cognition according to 

Tomasello (2000). But humans have besides these cognitive adaptations another 

unique one, namely adaptation to a social-cultural life. The social and cultural 

environment of the child transforms the child’s cognition to novel forms of 

representations and organisation.  

 

 

3.2.4 ‘Enculturated’ Apes 
 
The question whether among primates only humans have a culture is a challenging 

one. Galef (1992) proposed that human culture depend on sophisticated learning 

processes, including learning, teaching and imitation, and stated that it is wrong to 

talk about ‘animal cultures’, if they do not obtain these complex social learning 

mechanisms, which would be needed for a cultural transmission to occur. According 

to Tomasello, Kruger and Ratner (1993) do ‘true’ imitation rest on the abilities to 

recognise the intention behind actions, in another way than non-human primates 
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naturally do. Nevertheless, Tomasello (1999, 2000) argues that there is an interesting 

connection between culture and social learning in primates. There exists evidence 

that some apes are able to perform human like imitations (as pointing), if they have 

experienced human interactions, especially during ontogeny, since these apes have 

been human-reared (see Call and Tomasello, 1996). These apes have been an active 

part in human cultural life, which may have ‘triggered’ advanced social learning 

mechanisms to emerge into function. Moreover, this may display an interesting 

possibility, namely that the ability to learn to imitate sophisticated social learning 

mechanisms depends on the cultural (animal or human-like) experiences obtained 

during early childhood (Whiten, 2000). According to Tomasello (2000) there 

unfortunately are (for the moment) no surveys of what is known about the cognitive 

skills of individual non-human primates (mainly Great Apes) who have been raised 

by humans in their cultural environment, which contain all the forms of human 

cultural artefacts and tools. These apes have been called ‘enculturated’ apes.  

 

However, although there are numerous anecdotes about the behaviour of these apes, 

there are few or even no scientific investigations carried out on these individual apes. 

The exceptions are work of Tomasello et al. (1993), especially on their pygmy 

chimpanzee Kanzi, which is able of language comprehension. Moreover, Call and 

Tomasello (1996) declared that growing up in a human cultural environment did not 

impact basic capabilities of physical cognition as space, and object performance, but 

it did have an impact on basic mechanisms of social cognition as communication, 

and social learning.  

 

As mentioned earlier, some ‘enculturated’ apes are able to perform ‘pointing’ 

gestures. In the case of chimpanzees, there exists no evidence that chimpanzees 

really point in the wild (cf. Povinelli et al., 2000). Instead, their pointing gesture 

seems to be a product of close social interactions with humans, since they very 

seldom point to each other in captivity (Tomasello, Gust & Frost, 1989). However, 

the unanswered question is if the chimpanzees understand that they really are 

pointing in the same way as humans do, or if they only have altered their arm 

extension behaviour (Povinelli, 2000).  
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Also Heyes (1993) argued that imitation could be the mechanism that mediates social 

transmission, which is essential for achieving a culture according to Whiten (2000). 

However, the strongest evidence of imitation in non-human primates comes from 

these enculturated apes that have a lot of experiences and interactions with humans. 

Call and Tomasello (1996) argued that this aspect (being closed to human culture) 

can be the factors that make the difference, but for the moment they do not know 

what these mechanisms really are. They suggested that the intimate interactions with 

humans might lead to an understanding of intentionality, which free living primates 

(perhaps) lack. Finally, Whiten (2000) concludes that we know very little of these 

certain transmission processes both in humans and non-human primates. 

 

3.3 Avian Intelligence  
 
The role of social interactions to acquire complex cognitive and communicative 

competence has been invested by Pepperberg’s (cf. 1998, 2001) in her efforts to 

teach a grey parrot (Psittacus erithacus) with the name Alex, to use and understand 

human speech. When she started her research in the late 1970s no parrot had reached 

beyond the level of simple mimicry in language use, meaning that they only 

mimicked human speech, being able to vocalise but lacking meaning. As a starting 

point Pepperberg (1998) based her approach on the striking similarity between 

primates and parrots, namely that they both live and interact in complex social 

groups, and therefore there would be a kind of ‘social intelligence hypothesis’ as 

well for parrots as for primates. Since Pepperberg was convinced to probe avian 

intelligence, knowing that earlier efforts to teach parrots referential speech had 

failured, she assumed that this lack of success might originate from inadequate 

teaching techniques (simple conditioning), rather than that parrots were unable to 

understand human speech. Therefore, she designed a new teaching method for parrot 

training of human speech understanding. 

 

The new method was inspired by Bandura’s social-cognitive theory (1969, 1971), 

which primary theme is that individuals learn from observing the behaviours of 

others and the social consequences of those actions in a natural setting. The social 
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environment is important, since that provides a lot of opportunities for individuals to 

acquire complex skills and abilities. Consequently, Pepperberg’s parrot teaching 

technique was designed in the following way. Mostly two humans are involved who 

teach each other about objects at hand while the parrot watches their interactions. For 

example, the parrot watches the trainer picking up an object and then asking the other 

human a question about it, like ‘what shape?’ If the reply is correct he/she receives 

praises and is permitted to play with the actual object as a kind of reward. On the 

other hand, if the answer is incorrect, the questioner rebukes him/her and takes away 

the object out of sight for a while. The answerer is told to try to answer again. This 

technique is called model/rival (M/R) protocol, since the second person acts as a 

model for the parrot and a rival for the questioner’s attention. The humans’ 

interactions demonstrate the consequential behaviour of right or wrong answers. 

Then the training is repeated, and the roles of model (answerer) and trainer 

(questioner) is reversed, resulting in that the parrot observes that the communication 

is two-way, and that the vocalisation in not individual specific. As a consequence, 

the parrot will interact and learn from anyone else. Since Alex acts well with 

different persons it has been suggested that his responses (answers) are note cued to 

any person (Pepperberg, 1998). 

 

Pepperberg (1998) started to train Alex when he was about 13 months old, (grey 

parrots can live up to 60 years in captivity) and since then he has learned to master 

several tasks. Alex can produce and understand labels that describes more than 50 

objects and foods, but he is also able to categorise objects by colour (blue, green, 

yellow, orange, grey, rose and purple) material (cork, paper, wood, chalk, wool, rock 

and hide), and shape (the objects are ranging from two to six corners). By combining 

these labels of attributes, like colour, material and shape Alex can identify, request, 

and describe more than 100 different objects with 80% exactness. Additionally, Alex 

is able to understand that a single object can belong to more than one category, since 

it possesses properties from different categories, as a blue block, that is both ‘blue’ 

and ‘third-cornered’. Moreover, Alex has also learned to understand abstract 

concepts as ‘same’ and ‘different’. Pepperberg (1998) argued that these results imply 

that Alex can change between different classification categories. Alex also possesses 
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a numerical skill, to express quantities of items, including grouping of well known 

and novel items. However, the strongest evidence for that Alex really understands 

what he is talking about is in the cases when the trainer replies inaccurately on Alex 

answer, for example offering him the wrong item. Then he reacts by saying ‘no, no’ 

and repeats his appeal.  

 

In order to summing up, Alex performances and results powerfully suggest that Alex 

is aware of that he is learning, neither mimicrying nor mirroring his human trainers, 

since he has developed an remarkable understanding of some aspects of human 

communicative and cognitive capabilities. 

 
 

3.4 Socially Situated Artificial Intelligence  
 
This section will present recent work in socially situated AI, more precisely, work in 

human-robot interaction (Sections 3.4.1-3.4.2, and parts of section 3.4.3) robot-robot 

interaction (section 3.4.3), and others as simulations on social situatedness (Section 

3.4.4). 

 

3.4.1 The Cog project: Building a Humanoid Robot 
 
The Cog project was initiated in 1993 at MIT’s Artificial Intelligence lab, and the 

aim of the project is to build human-like robots whose both resemble the bodily 

shape and human behaviour, so-called ‘humanoids’. The motivation behind 

constructing the humanoid robot Cog was the hypothesis that human intelligence 

involves human interactions with the social surroundings, and therefore also 

humanoid intelligence requires social interaction with the world (Brooks & Stein, 

1993). The ambition with the Cog project is that the robot ultimately shall ‘act like a 

human’, in the sense that a ‘normal’ human observer would declare that the robot 

behaves human-like, neither machine- nor alien-like (Brooks, 1997). Another reason 

for the humanoid robot project was that humanoid robots could be used as a tool to 

investigate issues of developmental structure, physical embodiment, integration of 

several sensory and motor systems and social interaction (Brooks et al., 1999). We 

will here focus on the issues of developmental structure and mechanisms of social 
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interactions in Cog, and therefore we will leave out the other aspects in the Cog 

project. Nevertheless, by way of introduction we will briefly describe how Cog is 

designed and functions, but for a more technical account see, Scassellati (2000a, 

2000b).  

 

According to Brooks and his project members it is necessary for the humanoid robot 

to have a human bodily form to be able to ‘act like a human’. On the one hand, the 

members of the project have been inspired by the work of Lakoff and Johnson (1980) 

who argue that the form of the body is significant for cognitive development, and use 

of representations for language and thoughts. Hence, the bodily shape of the robot 

must be human-like in order to be able to develop similar kinds of representations. 

One the other hand, the second reason for a human bodily shape is that it should be 

easy and natural for humans to interact with the robot (Brooks, 1997, Brooks et al., 

1999).  

 

In reality, Cog’s body consists of a human ‘shaped’ and sized upper-torso7, from the 

waist up, with two arms, a neck, and on top of it, a head. (See figure 4). The robot 

has twenty-one mechanical degrees of freedom to be similar to the human movement 

ability The waist can bend front-to-back and side-to-side, the ‘spine’ can twist and 

the neck can roll side-to-side, nod front-to-back and twist right-to-left. To get 

information from the environment, the robot has a collection of sensors that have aim 

to approximate the senses of a human body, namely visual, vestibular, auditory, 

kinaesthetic and tactile senses. Cog also obtains several motor systems, which 

consists of various systems for the torso, neck and arms. Finally, Cog’s brain consists 

of a mixed network of numerous different processors that are operating at various 

levels in a control hierarchy (cf. Brooks et al., 1999; Scassellati, 2000a, 2000b).   

 

                                                        
7 The upper part of the body, from the waist to the head. 
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Figure 4. The humanoidt Cog. (From MIT’s homepage at: http://www.ai.mit.edu/projects/humanoid-
robotics-group/). 
 

Moreover, in addition to the humanoid robot Cog, Brooks and his partners have also 

created three different development platforms, i.e., a Vision platform, a Visual-

auditory platform and a Vision and emotive response platform. The motivation 

behind creating these platforms was to get the ability to investigate and debug new 

behaviours before assimilating them on the humanoid robot Cog. These platforms are 

comparable in technical construction according to Cog’s head, since they have 

identical computational systems (Brooks et al., 1999). We will particularly focus on 

one platform, namely the Vision and emotive response platform called Kismet, since 

this platform was constructed with the aim to study dual aspects of social interaction 

between humans and robots.  

 

Focusing on the developmental structure and mechanisms of social interaction in 

Cog, the project members has by the moment implemented some social behaviours, 

like pointing to a visual target, recognising joint attention through face and eye 

finding, imitations of head nods, and regulating interaction of expressive feedback 

(cf. Brooks et al., 1999). We will here present the models behind the implementation 
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of the social behaviours, and describe the mechanisms that are responsible for Cog’s8 

behaviour. 

 

Starting with the ability pointing to a visual target, the implementation model was 

inspired by work of Diamond (1990), which has study how infants in the age 

between five to eleven months preceded trough several incremental stages during the 

developmental process of visual guided reaching. Throughout this development 

process, children in later stages constantly show further complicated reaching 

strategies to take back a toy in more demanding circumstances. Diamond (1990) 

claims when the child’s reaching ability develops; later phases increase 

incrementally upon the ability provided during the previous stages. Marjanovic et al., 

(1996) claimed that they utilised a comparable ‘bootstrapping’ technique, with the 

aim to teach Cog to point to a visual target. The ‘bootstrapping’ process was 

conducted and ‘learned’ during a lot of repeated trials without human guidance, 

using gradient descent methods to match the hand-eye co-ordination. The hand-eye 

co-ordination was performed by forward and inverse mappings linking a visual 

parameter space and an arm position parameter space. The learning process 

bootstraps on earlier performed behaviour controlled by the saccade9 actions. As 

implemented for the moment, the pointing behaviour presumes that Cog’s neck is in 

an inflexible pose (Brooks et al., 1999). The algorithm of the reaching system is a 

mix of various systems. By way of introduction, a motion detection routine 

recognises the significant object that works as a target for the saccade module. This 

means that the target will be in the centre of the visual field when the target is 

localised. The joint configuration needed to point at the specific target of interest is 

produced from the gaze angle of Cog’s eyes (cameras) by using a ‘ballistic map’. 

The arm controller that allows Cog to straighten ‘his’ arm to point to a visual target 

uses this construction. To guide the ‘ballistic map’ a ‘forward map’ is needed, which 

gives the gaze angle of Cog’s hand as a kinematics function in response to a 

                                                        
8 According to Brooks et al., (1999) many of the behaviours that Cog can execute are available on the 
Internet in form of video clips, at: http: //www.ai.mit.edu/projects/cog/. 
 
9 Saccades are eye movements with high-speed ballistic motions that focus a significant object on the 
high-resolution central area of the visual field. In humans saccades are very fast, nearly 900°/second 
(Brooks et al., 1999). 
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controlled set of joint positions, resulting in an incremental learning process using 

back-propagation, resulting in a mapping between eye gaze position and arm 

position. From an observer’s view, the pointing behaviour is fairly undeveloped, 

since Cog starts to saccade to recognising the certain target, and then tries to point to 

it, the early reaches are incorrect, and sometimes in the wrong way. Although, after 

some practice Cog’s precision ability increased considerably. 

 

According to Scassellati (2000a, 2000b) humans possess a wide range of social cues 

such as gaze directions, pointing gestures, and postural cues, which together 

designate to an observer, which object that for the moment, are under consideration 

Bringing together, these abilities commonly are named joint (or shared) attention. He 

then argued that joint attention is one of the crucial precursors to social learning in 

human development. The first joint attention behaviour that children perform is 

keeping eye contact (cf. Brooks et al., 1999). Scassellati (2000a, 2000b) has been 

inspired by Baron-Cohen (1995), which argued that this ability serves as an initial 

mechanism for infants to share experiences with others. The reason for implementing 

an approximate ability of joint attention in Cog is to examine the development and 

origin of complex non-verbal communication abilities in humans and investigate 

how they progress. The model of joint attention that is implementing in Cog comes 

from Baron-Cohen’s model (1995), which consists of four modules, i.e., the eye-

direction detector (EDD), the intentionality detector (ID), which both are linked to 

the shared attention module (SAM), which finally is connected to the theory–of-mind 

module (TOMM 

 

The members of the Cog project have made a skill decomposition of these modules. 

The reason for this decomposition was that these four skills can be viewed as 

representative behaviours, since both the phylogeny and ontogeny of these 

behaviours have been seriously investigated, and also from an engineering point of 

view, they are possible to implement with current technology (Scassellati, 2000a, 

2000b). In relation to Baron-Cohen’s model the Cog workers are implementing 

pieces of behaviour from all modules, except from the theory-of-mind module 

(TOMM). The skill decomposition resulted in four incremental phases of joint 
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attention, namely, mutual gaze, gaze following, imperative pointing, and declarative 

pointing (see figure 5).  

 

 

 

 

 

Stage 1.  Mutual gaze                                                  Stage 2. Gaze following 

 

 

   

 

 

Stage 3. Imperative pointing                                       Stage 4. Declarative pointing 

 

Figure 5. The four incremental phases of joint attention. Adapted after Scassellati, 2000b. 

 

Mutual gaze is the simplest social behaviour, which is the skill of recognition and 

maintenance of eye contact, and infants have a strong preference for recognising, 

looking for eye contact and maintenance within the first month. Gaze following is 

another shared attention behaviour, which is the quick shift between looking at the 

eyes of another person, and following their gaze, and focusing the look at the same 

distal object. This ability emerges in the child when it is about nine-month-old. It has 

been argued that gaze following is a particularly convenient imitative gesture that 

makes it possible for the child to focus on the same target that the caregiver is paying 

attention to (Scassellati, 2000b). According to Thelen and Smith (1994) this simple 

mechanism of joint attention may be of importance for social scaffolding. Another 

sort of joint attention behaviour is pointing to a target of shared interest. According 

to Scassellati (2000b), developmental psychologists make a distinction between 

imperative pointing and declarative pointing. The former is only a reaching 

behaviour to get an object, while the latter is characterised by a far-reaching arm with 

a pointing index finger, i.e., pointing at a lamp, and has the function of drawing 

attention the certain objects out of reach for the child. This ability appears about 
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twelve months age, and is an extension of gaze following, but also involving motor 

capacities (Scassellati, 2000b). 

 

The on-going implementation of social development in the Cog project concentrates 

on the nature of joint attention behaviours, particularly on the abilities of recognition 

and production of joint attention. To allow Cog to recognise and keep eye contact, 

the Cog project members have implemented a perceptual system with the capacity of 

finding human faces and particularly focusing on the eyes (Scassellati, 1998). The 

system initially detects probable face location in the peripheral image in Cog’s ‘eyes’ 

(cameras) by using a special algorithm. As soon as a probable face location has been 

detected, Cog saccades to the target, using the same saccade mapping as in the 

behaviour pointing to a visual target. The face’s location in the peripheral image co-

ordinates is mapped into foveal image co-ordinates, by a second learning mapping. 

By this construction the face location in the peripheral image can ‘pull out’ the sub 

image that contains the eyes for additional processing. According to Brooks et al., 

(1999) have this technique been profitable at both locating and extracting eyes under 

different conditions and from many individuals.   

 

A relatively recently implemented social behaviour in Cog is the ability to imitate 

head nods. This is accomplished by adding a tracking mechanism to the output of the 

peripheral image of face locations. By classifying these outputs in three different 

classes; yes, no and no-motion. These uncomplicated classes then trigger fixed-action 

patterns for moving Cog’s head and eyes. Cog will mimic yes / no head nodes of the 

instructor. When the person nods yes (up-and-down movement) Cog reacts by 

nodding in the same way.  According to Brooks et al. (1999) this is a very simple 

form of imitation, as a kind of selective bootstrapping technique, since the movement 

has to come from a face-like object. However, to date the social behaviour 

implemented in Cog is very basic social mechanisms, some of them not fully 

complete as the capability joint attention. The humanoid robot is so far unable to 

show an integrated and coherent behaviour, since each of the previous presented 

social behavioural systems has been designed independently of each other. But 

according to Brooks et al., (1999) they try to sort out this “major missing piece” 
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(ibid. p.81), but they also argue that having all modules active at once should result 

in incoherence and interference, since Cog mainly distracts by human faces, even 

when the robot instead should pay attention to other tasks. They suggest that a kind 

of preference should be put into the robot system, which would direct to the current 

goal of Cog for the moment. Nevertheless, they do not have any valid solution to that 

problem at this point.  

 

The vision and emotive response platform called Kismet (See figure 6), was initiated 

in 1997 with the aim to explore how socially situated learning may be achieved by 

investigating the kinds of mutual interaction that take place between a care-taker 

(mother) and an immature learner Kismet (small child). The platform has capabilities 

for displaying emotive facial expressions and they are developed to function in the 

role of regulating interaction of expressive feedback. The platform consists of a 

active vision stereo system, enlarged with characterising facial features for emotive 

expression, namely; eyebrows that can lift and arch, ears that can lift and rotate, 

eyelids that can open and close, and finally a mouth with lips, which can open and 

close.  

 

 
 

Figure 6. The Vision and emotive response platform called Kismet.(From MIT’s homepage at: 
http://www.ai.mit.edu/projects/humanoid-robotics-group/). 
 

Kismet is capable to display facial expressions analogous to anger, fatigue, fear, 

disgust, excitement, happiness, interest, sadness, and surprise (See figure 7). 
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According to Brooks et al. (1999) are these expressions without difficulty interpreted 

by untrained human observers.  

 

                          
                    Angry                             Calm                            Disgust                      Happy 

 

                                  
                             Interest                           Sad                         Surprise 

 
Figure 7. Kismet’s facial expressions. (From: http://www.ai.mit.edu/projects/humanoid-robotics- 
group/). 
 

The robot Kismet is constructed to be an altricial10 system, comparable with a human 

infant. The interaction between the robot and the caretaker is supposed to resemble 

how a mother socially interacts with her child. The learning capabilities under 

interest in this project are the social and communication skills showed by human 

children during the first year of life. The ambition with Kismet, is to figure out how 

to design an integrated learning system, in which the learner can bootstrap from prior 

acquired and learned skills and cognitive capabilities, to be able to develop new more 

sophisticated abilities (Breazeal & Velasquez, 1998).  

 

An infant’s motivations as emotions, drives, and pain have a significant role in 

producing meaningful interactions with a caretaker (Bullowa, 1979). These 

interactions develop the child, which becomes ‘bootstrapped’ to specific 

communication behaviours. Halliday (1975) argued that infants are highly biased to 

learn communicative acts that let the caretaker to satisfy the infant’s motivations. For 

example, Trevarthen (1979) argued that infants are born with a broad range of facial 

expression. Moreover, Meltzoff and Moore (1977) claimed that new-born infants 

have an innate ability to recognise and imitate human facial expressions at birth. 

                                                        
10 Altricial means that the system starts off in a ‘primitive’ condition, requiring assistance and 
guidance of a caretaker to learn and develop (Breazeal & Scassellati, 2000).  
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Bullowa (1979) again, argued that these early interactions between the child and 

his/her caretaker may be critical in establishing a common ground, as a foundation 

for forthcoming learning trials, from which the infant can develop and understand 

shared meanings of communicative acts. The caretaker supports the child with neatly 

all meaning and attention direction during this early pre-communicative interaction 

acts. Wood, Bruner and Ross (1976) have noticed this important role of the 

caretaker, to foster and guide novel behaviours in the child. They called this strategy 

scaffolding, which they characterise as the more ‘mature’ caretaker supports and 

manipulates the infant’s interactions with the environment. During this process the 

caretaker tries to control the infant’s behaviour by conscious support and guidance to 

‘teach’ the infant new skills through i.e. facial and gesture expressive feedback. An 

example of scaffolding is conducted in the process of ‘helping’ a child learning to 

walk. The caretaker encourages the child to walk by bringing him/her in the ‘right’ 

position and holding under his/her arms, not allowing the child to fall down. The 

same procedure as learning to walk can be performed in the social plane.   

 

Inspired by these ideas, Breazeal and Velasquez (1998) have designed the Kismet 

robot system, which is biased to learn how its emotive acts may influence the 

caregiver in order to please its own desires. They have equipped the robot with a 

‘motivational system’ with the ambition to maintain its drives within homeostatic 

bounds and also motivating the robot to learn behaviours that satisfy them. Further, 

they have provided the robot with a set of emotive expression. This permits the 

caretaker to study the robot’s emotive expressions and interpret them as (maybe 

intentional) communicative acts. Bringing together, Breazeal and Velasquez (1998) 

assume that this design may establish the requested routine interactions for the robot 

Kismet to learn how its emotions influence the behaviour of the caregiver and the 

other way around. Consequently, both the robot and the caregiver can adapt their 

behaviours in order to preserve the interaction, which allows the robot to learn from 

socially and use to satisfy its drives. The communication skills they want to 

investigate are turn-taking, shared attention, and pre-linguistic vocalisation, with the 

aim to create shared meaning between Kismet and the caretaker (Breazeal & 

Scassellati, 2000). 
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Breazeal and co workers (1998, 2000) have constructed a framework for how the 

motivational system co-operates with and also are expressed in certain behaviour The 

system architecture is composed of five subsystems; the perception system, the 

motivational system, the behaviour system, and the motor system. Starting with the 

perceptual system, which has the accountability to convert visual input into 

significant information to direct behaviour. The behavioural system extracts main 

features from the surrounding, and categorises them either as social stimuli as faces 

or non-social stimuli, like motion. The rough categorisation is used to guide Kismet’s 

behaviour, since the response in different manners according to sort of stimuli 

presented to the robot. The motivational system is made of two related subsystems, 

the first implements ‘drives’ and the second implements ‘emotions’ and ‘expressive 

states’, while the ‘drives’ system has the function as an internal representation of the 

system, and the ‘emotion’ and ‘expressive’ system replicates how properly Kismet is 

achieving that outline. The robot is programmed to have the ‘motivation’ to learn in a 

social context, and the ‘drives’, ‘emotions’ resulting in behaviours are designed is 

such way that Kismet is in a homeostatic stability while the robot is running well and 

is situated in an environment that provides a high learning possibility. This design 

makes it possible for the robot to involve in, and become motivated to engage in 

interactions with its environment, both socially and physically, along with that the 

robot will be controlled in such way that Kismet neither is under-stimulated nor over-

stimulated (Breazeal & Scassellati, 2000). The whole system consists of three 

‘drives’ (fatigue, social and stimulation), three consummatory behaviours (sleep, 

socialize and play), two visual-based perception capacities (face and no-face), five 

‘emotions’ (anger, disgust, fear, happiness, sadness), two ‘expressive states’ 

(tiredness and interest) complemented with their matching facial expressions.  

 

Breazeal and Scassellati (2000) have conducted some experiments with the robot 

Kismet, and every experiment included always a human that interacted with the robot 

in three different ways, either through straight face-to-face interaction, by waving the 

hands, or displaying a toy to encouraging engage in play. Kismet has two different 

toys, namely, a plush black and white cow, and an orange slinky that the behavioural 
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system categorises either as face stimuli (the cow toy and human faces) or non-facial 

stimuli (the slinky and waving hand). Furthermore, the produced locomotion of the 

objects functions as a rating of the stimulus intensity, and Kismet’s facial expressions 

reproduces his current motivational state or ‘mood’ and affords the human inter actor 

with facial expressive cues that support and adjust the interaction process, in such a 

way that the robot’s drives maintain within homeostatic scopes.  

 

The robot is programmed (when all drives still are within their homeostatic scopes) 

to show ‘interest’, and this ‘mood display’ functions as cues to the human inter actor 

that the intensity of the interaction is just right. When a human interacts face-to-face 

with Kismet, (when all ‘drives’ still are within their homeostatic scopes) the robot is 

programmed to show ‘happiness’. Nevertheless, when a drive runs off its 

homeostatic scope, Kismet’s ‘interest’ and /or ‘happiness’ fade, and is followed by a 

changed facial expression related to its on going ‘mood’. The facial expressions 

(interpreted as visual cues) informs the human inter actor that Kismet does not ‘feel’ 

okay, implicating for the human inter actor that it should change the sort of stimuli, 

or adjust the intensity of the interaction, e.g., increasing, reducing or sustaining the 

interaction at the present level. The experiments that have been carried out with 

Kismet for the moment are the following: Non-face stimuli experiments, face stimuli 

experiments, and sleep and over-stimulation experiments (Breazeal & Scassellati, 

2000). We will below present these experiments explicitly and their results, starting 

with non-face stimuli experiments, consisting of interaction by hand waving or a toy 

slinky. The activation level of Kismet’s ‘play’ behaviour cannot surpass the 

activation threshold, if not a human interacts with Kismet with adequate intensity, 

since low intensity interaction will never activate the ‘play’ behaviour even if 

strongly potentiated by the ‘stimulation drive’. If the interaction is strong, although 

too strong, Kismet’s ‘play behaviour sustains active until the human inter actor either 

discontinues the activity, or that Kismet carries out action ending the interaction.  

 

The impact of the ‘stimulation drive’ on Kismet’s motivational and behavioural state 

while interacting with a non-face main stimulus, like a human inter actor waving its 

hands is exemplified as follows. Initially, from that Kismet was displaying ‘sadness’ 
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as the emotional state, since the ‘stimulation drive’ lies within being ‘bored’ as a 

result of lack of interaction. By waving hands Kismet becomes stimulated and the 

robot changes its ‘emotion’ towards ‘interest’, when it has reached its homeostatic 

scope. As long as the waving carries on at a sensible intensity, Kismet will sustain 

‘interested’, but if the stimuli intense become too huge, and Kismet’s becomes over-

whelmed Kismet starts to display ‘fear’, and a continuing intensive stimulation 

resulting of extreme hand waving movements Kismet will look ‘terrified’. To ‘calm 

down’ the robot, the inter actor has to stop and /or decrease the waving stimuli, 

which responses by a reduction of Kismet’s ‘fear’ look, and then the ‘stimulation 

drive’ returns to its homeostatic scope and Kismet displays ‘interest’. However, if 

the waving stimuli decrease too much, the ‘stimulation drive’ shifts into the ‘bored’ 

state and Kismet displays ‘sadness’ (Breazeal & Scassellati, 2000). 

 

The slinky experiment was performed in a comparable way, since Kismet was placed 

in the ‘bored’ state before the experiment was conducted. Whereas Kismet interacts 

with the toy slinky, the same behaviours emerge as in the experiment above, as long 

as the slinky keeps on moving at a reasonable intensity, Kismet sustains ‘interested’, 

although the stimuli intensity starts to be too great, Kismet begins to display ‘fear’ 

that ultimately may result in ‘anger’. When Kismet displays ‘fear’, the interactor has 

to stop the slinky motion immediately, so Kismet can be allowed to ‘calm down’. As 

a response, the drive returns to its homeostatic scope and Kismet will display 

‘interest’ again. Then again, if Kismet becomes under-stimulated as the slinky 

motion ceases too much, the robot will show ‘sadness’.  

 

The impact of the social drive on Kismet’s motivational and behavioural state while 

interacting with face stimulus will be described in the following section. Worth 

mentioning is that the robot reacts differently to social stimuli (faces) than to the 

previous presented non-social stimuli. Kismet’s ‘socialise’ behaviour can only 

become active if a human interacts with Kismet with adequate intensity, since low 

intensity interaction will not generate the socialise behaviour even if strongly 

potentiated by the social drive, and Kismet’s socialise behaviour sustains active until 

either Kismet or the human interactor finishes the interaction. Prior to that the 
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interaction with a human will start, Kismet’s is not exhibited to any faces, and as a 

consequence Kismet’s social drive remains ‘lonely’ and Kismet expresses ‘sadness’. 

When Kismet become activated by the stimulus of a human face, corresponding to 

small head motions, like those made during a conversation, with the result that the 

social drive changes towards its homeostatic scope and Kismet looks ‘interested’ and 

‘happy’. If the inter actor starts to sway back and forth in front of Kismet, the robot 

will be over-stimulated, since the ‘social’ drive becomes forced into an ‘asocial’ 

regime, and Kismet starts to show ‘disgust’ that eventually leads to ‘anger’. If the 

human interactor now turns its face away, out of sight for Kismet, the social drive is 

allowed to return back to its homeostatic scope and Kismet will show ‘interest’ 

again, and if the inter actor re-engage in face-to-face of adequately intensity, Kismet 

once again shows ‘happiness’. But if the interactor continues turning away from 

Kismet, the social drive will be forced to the ‘lonely’ state and Kismet will express 

‘sadness’. Kismet can also interact socially with its plush cow toy, since the face 

detector recognises the cow toy’s face, and therefore is the toy considered as a social 

stimulus and hence affects the ‘social’ drive. The experimental set up with the plush 

cow toy is conducted in the same way as that for the human face stimulus. Instead of 

making minor human-like head nods, the experimenter shows the plush cow toy’s 

face in front of Kismet and moves it in small gentle movements, resulting in the 

social drive becomes within its homeostatic scope. Even in the case of the plush cow 

toy, Kismet can be both over- and under-stimulated. The experimental run ends when 

Kismet is in the ‘interested’ and ‘happy’ state.  

 

The impact of the ‘fatigue’ drive on Kismet’s motivational and behavioural state 

become activated when the interactions is over-whelming for long periods of time, as 

if the inter actor carries on to stimulate the robot by moving the plush cow toy still 

after Kismet has displayed both ‘disgust’ and ‘anger’, hence the ‘sleep’ behaviour is 

subsequently activated, as an intense measure to block out the stimulation, and 

Kismet goes into an emergency sleep mode. The ‘sleep’ behaviour re-establishes the 

‘drives’ and ‘emotions’ within homeostatic scopes before Kismet is being able to 

‘wake-up’ again. The sleeping mode serves as a kind of “motivational reboot” since 
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it returns all drives to their homeostatic scopes, and when Kismet ‘awakening’ again, 

the robot will be in an ‘interested’ state again (Breazeal & Scassellati, 1998).  

 

By way of conclusion, the impact of the ‘fatigue’ drive on Kismet’s motivational and 

behavioural state while interacting with a human will be described. Over time of 

interactions the fatigue drive increases its level toward being ‘exhausted’, since 

Kismet’s level of fatigue intensifies, the robot shows more and more signs of being 

‘tired’. When the fatigue drive progresses above the threshold and reaches the 

activation level of the ‘sleep’ behaviour, Kismet will fell into ‘sleep’, if there is no 

other stimulation present ate the moment. Kismet cannot fall into sleep as long as a 

person interacts with it, since the ‘play’ behaviour remains active. Kismet will 

sustain ‘asleep’ until all drives are brought back to their homeostatic scopes.  

 

Breazeal and Scassellati (2000) describe that this on-going interaction between a 

human inter actor and the robot Kismet is demonstrated by emotional cues and the 

result is a kind of on-going ‘dance’ aimed at maintaining Kismet’s drive within their 

homeostatic scopes. If the robot and the human inter actor are good partners, Kismet 

will sustain ‘interested’ and / or ‘happy’ most of the time, and the authors interpret 

that these expressions may indicate that the interaction between the robot Kismet and 

a human inter actor is about suitable intensity for learning, particularly in a social 

context, which is a question for the future work (Breazeal and Scassellati, 2000). 

 

In addition to Kismet, Breazeal has together with Velasquez made an extension to 

the framework of Kismet, incorporating the same mechanisms for social learning 

described in Kismet, then building on to develop and design an mobile emotional pet 

robot (similar to a dog) called Yuppy.. This emotional pet robot shows signs of 

emotional behaviour and is also able to obtain secondary emotions, meanwhile it acts 

in the surrounding world (Breazeal & Velasquez, 1998).  

 

Yuppy’s sensor system consists of a vision system (two colour cameras), an active 

audio stereo system, disposed of two microphones mounted on Yuppy’s ears, infra-

red (IR) sensors for obstacle avoidance, air pressure sensors for touch perception 
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(categorised as either painful or pleasurable stimuli), a pyro sensor to discover 

temperature changes appropriate to the presence of living creatures (humans), and 

finally a non-advanced proprioception system.  

 

The framework of Yuppy consists of a ‘drive’ system, a ‘emotion generation’ 

system, and a ‘behaviour’ system. The ‘drive’ system organized of four different 

drives: Recharging-regulation, Temperature-regulation, fatigue, and Curiosity. All 

of each manages the internal variables that respectively represent Yuppy’s battery, 

temperature, energy, and interest levels. The ‘emotion generation’ system consists of 

‘emotions’ of ‘natural releasers’ for the collection of fundamental emotion categories 

like, anger, fear, disgust, happiness, sadness, and surprise. Some of the most 

significant ‘releasers’ and their related ‘emotions’ are the following; Interactions 

with drive systems, interactions with the environment, and interactions with people. 

Interactions with drive systems, discontented drives generate ‘distress’ and ‘anger’, 

but ‘distress’ is also generated to a minor degree, when drives are over-satisfied, and 

satiation (?) of drives discharge ‘happiness’. Interactions with the environment, 

means generally do all pink-reddish objects release ‘happiness’, but especially a 

certain kind of pink ‘bones’ educe mostly. Yellow objects discovered in the 

surroundings release ‘disgust’. Darkness relates to ‘fear’ and finally loud noise 

release ‘surprise’. While people interacts with Yuppy they can either interact by 

petting or disciplining, and these activities produce representations of pleasure and 

pain, pleasure releases ‘happiness’ and pain releases ‘distress’ and ‘anger’. The 

behaviour system is created of nearly twenty separate self-interested behaviours, 

mostly focused on satisfying Yuppy’s needs and social interaction with people, e.g., 

‘search-for-bone’, recharge-battery’, ‘wander’, ‘avoid-obstacle’, ’approach person’, 

and ‘express-emotion’ (Breazeal &Velasquez, 1998).  

 

The human interacts with Yuppy proposing the robot with different kinds of stimuli, 

e.g., approaching Yuppy, petting Yuppy, and showing the pink bone to Yuppy. As a 

result, Yuppy demonstrates several emotional behaviours, depending of the 

circumstances. Velásquez and Breazeal (1998) mention for example at what time 

Yuppy’s ‘curiosity drive’ is elevated, Yuppy wanders around, searching for its pink 
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bone. When Yuppy comes across one, the ‘happiness’ emotion increases and specific 

behaviours related to that emotive state emerge, like ‘approach-bone’ and ‘wag-tail’. 

However, if time passes by and Yuppy does not find any bone, the emotion of 

‘distress’ increases within Yuppy and suitable behaviours like ‘drop-tail’ is shown, 

and if Yuppy enters dark places, which is responded to that Yuppy will feel ‘fear’, 

resulting in that Yuppy backs up a changes track. These presented generated 

emotional behaviours and the ability to regulate action-selection behaviours in 

Yuppy is examples of primary emotions. Furthermore, Yuppy is also able to learn 

secondary emotions that are kept as new or adapted cognitive elicitors. Breazeal and 

Velasquez (1998) mention for instance the experiment when a person interacts with 

Yuppy and depending on these interactions; Yuppy is able to establish positive or 

negative emotional memories with respect to people.  

 

Initially, the person carries the pink bone, which functions as a natural releaser, and 

Yuppy wanders around searching for it. When Yuppy has discovered the bone, and 

approaching towards it, the human can interact with Yuppy either by petting 

(generates ‘pleasure’) or disciplining (generates ‘pain’). Dependent of the kind of 

interaction between Yuppy and the person, Yuppy is able to produce positive or 

negative emotional memories with respect to people, and the assortment of future 

behaviours are influenced, like approaching or avoiding people. The authors argue 

that their experimental results display that emotional conditioning is possible, and 

that it can be used in further work. The future work consists of integrating the 

mechanisms of learning secondary emotional memories into Kismet. The 

architecture of both Kismet and Yuppy and their underlying mechanisms are very 

similar, the experiments carried out with the pet robot Yuppy, functioned as a test 

bed for implementing secondary emotional memories into Kismet.  

 

 

3.4.2 Kozima et al.’s Infanoid Project 
 

The attempt to build an epigenetical humanoid robot is an ongoing project in 

Communication Research Laboratory at Kobe in Japan. Hideki Kozima and co-

workers have developed a humanoid robot platform called Infanoid, with the aim to 
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study pre-verbal communication. The objectives of this on-going Infanoid project is 

to be aware of the mechanisms and the ontogenetical process of human social 

intelligence and especially communication, since the ambition with the Infanoid 

project is to investigate and implement the mechanisms of pre-verbal 

communication. By way of introduction we will briefly describe how Infanoid (see 

figure 8) is designed and functions.  

 

Much of the design in Infanoid had been inspired by work of Zlatev (2001) and 

Tomasello (1999). Zlatev (2001) is heavily influenced by the two essential 

fundamentals of the situated approach, namely embodiment and situatedness, and 

Tomasello suggests an ontogenetic and phylogenetic ‘bridge’ between the body and 

the culture, which Tomasello claims is the ability for the child to identify with 

another person. Bringing together these ideas, added with some algorithmically 

elaborations, Kozima has together with partners designed a humanoid robotic model 

of social development, which they are implementing in their ‘baby’ robot Infanoid, 

with the expectation that the robot will develop to be a social being (cf. Kozima and 

Yano, 2001).  

 

 
Figure 8.The Infanoid (From http://www2.crl.go.jp/jt/a134/xkozima/research/index.html). 
 
 

In reality, the forth version of Infanoid consists of a human infant ‘shaped’ and sized 

upper-torso with two arms and a head, and it approximates the structure and function 

of a three-year-old child. The robot has twenty-four mechanical degrees of freedom 

(without hands). Infanoid has foveated stereovision with rapid saccade ability, and 

each ‘eye’ has two colour cameras, one for wide span and the other for zooming. 
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Three motors drive the eyes, and the images from the cameras (input) are nourished 

into parallel image processors according to facial/ non-facial feature tracking that 

enables real-time intentional interactions with the surroundings (both humans and 

physical objects). The lips of Infanoid can be controlled by either opening the mouth 

or managing the angle of the upper lip. In total, there are nine MCU boards that 

control the head, arms, and body connected with each other through a 

communication network (Kozima and Zlatev, 2000).  

 

Kozima and co-workers characterise pre-verbal communication as infants’ 

communication ability using non-verbal channels like gaze, pointing, and 

facial/gesture expressions, since it has been argued that these mechanisms play an 

essential role in the development of human intelligence and the acquisition of the 

human communication ability. Besides, Kozima and partners have particularly paid 

attention to research on infants and children with autism, which is a condition known 

as a communication disorder, since these children often show distinctive 

communication difficulties, and therefore do not use such pre-verbal communication 

mechanisms as i.e. gaze following and pointing, resulting in severe disfigurement in 

social abilities and also in verbal communication. Autism is a developmental 

disorder caused by particularly and primarily genetic brain damage, since quite high 

co-occurrence is discovered in twins (Frith, 1989). Humans with autism frequently 

have unusual brain waves, but its neurological mechanism is yet unidentified. The 

majority of autistic humans are mentally retarded to various extents. Characteristics 

for humans with autism are that they have difficulties in social interaction, verbal 

communication, and maintaining variety of behaviour (WHO, 1993). According the 

difficulties in social interaction, autistic humans often show impairment in the use of 

pointing, gaze, in facial as well as gestural expressions, which result in incapability 

to share attention and activities with other people. Normal children and infants can 

share their attention with other people naturally and approximately instinctively, and 

additionally they can direct others’ attentional direction by gestures like pointing or 

gaze (Butterworth, 1991). These abilities are lacking in the autistic child, because 

they regularly do not establish joint-attention, not even with their caregivers (Baron-

Cohen, 1995). Consequently, he argues that the innate mechanism (or preference for)  
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of joint attention is impaired in autistic infants, and absence of joint attention is one 

of the considerable criteria for diagnosing autism. Conversely, if another person 

instructs the autistic child, it is able to identify the other’s target of attention, which 

entails that the child’s visual perception ability is unharmed, but the significant 

motivation, or ‘enthusiasm’ to ‘read’ others’ attention is lacking. It has also been 

reported that autistic children seem to keep away from searching and maintaining eye 

contact, since they rarely look at people’s faces and eyes. Additionally, autistic 

children have difficulties of imitation, since they sometimes do not imitate at all, or 

are imitating in strange ways. Baron-Cohen (1995) mentions that although high-

functioning autistic children habitually not succeed to imitate the hand waving 

gesture for ‘good-bye’. Instead of facing their hand palms towards the person who 

the child is saying ‘good-bye’ to, the autistic child does wave their hands, but faces 

the hand palms towards himself/herself. In spite of this, Kozima (2000) suggests that 

the cross-modal mapping is out of order in autism and his hypothesis is that autistic 

persons lack some innate mechanisms crucial for communication intentions, and he 

especially mentions the abilities of attention sharing and imitation, and that they 

have a natural developmental order, since imitation follows after the former. Kozima 

suggests that attention sharing is an innate mechanism, and that imitation is the key 

to development and learning. Kozima decomposes the ability of attention sharing 

into shared (or joint) attention and indirect experience. The capability of imitation 

includes cross-modal mapping, learning by imitation, and the role of caregivers.  

 

Kozima (2000), and Kozima and Zlatev (2000) argue that human predict and control 

other human’s behaviour by accessing the intentions of others. Humans carry out this 

by sending and receiving ‘social’ cues, by which we can retrieve other people’s 

intentions, and the intention of attention is one of the most informative one’s. They 

argue that the basic skill to shift focus of attention is the capability to contribute in 

acts of joint attention, sharing each other’s attentional focus. Joint attention functions 

as a ‘highlight’ on the target object of interest  

 

Generally, a person’s attention can be obtained from one’s face, gaze, and/or 

pointing direction, and when the other agent (infant or robot) has established joint 
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attention with somebody else, they may be able to share some common ‘information’ 

in the surrounding. Moreover, Kozima and Zlatev (2000) claim that only focusing on 

the same target object is not enough for establishing joint attention, since it requires a 

mutual acknowledgement of the satisfaction of the former. They suggest that this 

ability of joint attention in the former shape is the most primeval sort of 

communication, which they call common attention, and claim that this skill is an 

innate reflex necessary for the development of skills for communication. 

 

Kozima (2000), Kozima and Zlatev (2000) suggested that joint attention functions as 

a kind of a probe for observing other’s behaviour.  The ability of indirect experience 

is the proposed following stage after joint attention. Indirect experience offers the 

infant (or robot) with practical examples for learning how humans respond to a 

variety of physical and social stimuli. Initially, joint attention makes it possible for 

the infant (or robot) to observe what the other person interacting with the target 

object is perceiving (sensory input) and doing (motor output). By observing the 

sensory input and motor output of somebody else interacting with the target object, 

the infant indirectly allows to experience the other person’s acting behaviour (see 

figure 9). 

 Interacting with an object 

 

 

 

 

                                                                         Observing other’s behaviour 

Figure 9. Indirect experience. Adapted after Kozima, 2000. 

 

The authors illustrate this by bearing in mind that you are watching an athlete lifting 

a heavy barbell, and you can be able to imagine how heavy it is and how your 

muscles are trying hard to bear the weight, resulting in that your own muscles are 

strained. Kozima and Zlatev (2000) believe that humans are inherently capable of 

this cross-modal mapping mechanism, which is the previous described ability of 

mapping somebody else’s bodily movement and positions next to one’s own motor 

image, as an implementation for the ability of imitation. The authors characterise 
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imitation as the ability to reproduce other’s behaviour, as a result of attention sharing 

and indirect experience and suppose that the attendance of imitation is the most 

obvious evidence of indirect experience. For example, new-borns are capable of 

imitating uncomplicated facial expressions without practice (Meltzoff & Gopnik, 

1993), which Kozima and Zlatev (2000) took as an evidence for an innate 

mechanism of cross modal mapping. Meltzoff & Gopnik (1993) present empirical 

results that claim that imitation of bodily movements and positions usually begins in 

infants around six months of age, and the belated manipulation of objects emerges 

about nine month age. 

 

Kozima and Zlatev (2000) continue their framework, suggesting that indirect 

experience functions as a mechanism for acquiring constructive instances for 

learning how other people behaves in various situations, and they suggest that 

learning by imitation is the result of indirect experience and imitation, since they 

provide examples for learning. The infant is imitating others behaviour and his/her 

repertory of behavioural patterns modifies, and the infant performs the first steps 

towards learning to communicate, by adding noises and/or sounds to their 

behavioural patterns and test them to see if they function well. The social 

environment in general and the role of the caregivers in particular have the role of 

providing ‘social ‘meaning’ for the infants modified behaviour, by over-

interpretating the infant’s modified behaviour. This interaction between the infant 

and his/her social surrounding functions as a ‘bootstrapping’ process for the infant in 

form of explorative learning of socially shared protocols in the specific social and 

cultural environment.   

 

In order to evaluate their epigenetic framework of social development, Kozima and 

co-workers have designed the humanoid robot Infanoid, in which they will 

implement these previous described pre-verbal communication abilities (Kozima & 

Ito, 1998; Kozima, 1999). For the moment, they are trying to implement the ability 

of attention sharing, which they characterise as the ability of monitoring humans’ 

attention. In favour of getting Infanoid to monitor humans’ attention the mechanisms 

has been decomposed into four sub skills, which are the following: detect face, 



 86 

saccade to face, capture ‘attentional-direction’, and finally search and identify the 

target object (Kozima, 1999).  

 

Initially, Infanoid ‘detects’ a human face in the environment by their ‘eyes’ (wide-

lens cameras). Second, as soon as a face has been detected, Infanoid is saccading, 

and making it possible for the zoom-lens camera to catch an exact picture of the face. 

Third, on the zoomed image, Infanoid notices the eyes, and catches their gaze-

direction, by the positions of the pupils. If Infanoid fails to catch the gaze-direction 

from the eyes, the robot catches the face-direction as an alternative. Finally, Infanoid 

begins to search for a target object in that direction. If, and when, something with a 

clear border line is located, (using stereo vision) Infanoid will recognise it as the 

target object.  

 

These steps will result in shared (or joint) attention according to Kozima (1999), 

since Infanoid can detect humans’ visual input in form of perceiving the target 

object; additionally can the robot observe what the person is doing with the target. 

The implemented ability of shared attention in Infanoid, enables the robot (like 

infants) to observe other humans’ behaviour by mapping the input and output and 

implicitly experience it, since Infanoid will also be able to learn the association 

between the input and the output.  

 

However, the primary experimental results show that the human ability of gaze 

precision is not so high as thought, resulting in that Infanoid has problems with 

identifying the right target of interest. Kozima (1999) suggests that humans more 

often rely on semantic and pragmatic cues, instead of the physical gaze-angle. When 

these problems are solved, Kozima supposes that it would be possible for the robot to 

obtain and learn language (defined as a conceptual system of one’s native language) 

through interaction with a human caretaker, which is a native speaker.  
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3.4.3 Dautenhahn and co-workers 
 
 
Dautenhahn has investigated the role of social situatedness for achieving intelligence, 

mostly together with Billard, and they have together conducted experiments on social 

behaviour using robot-robot interactions (Dautenhahn, 1995; Billard & Dautenhahn, 

1997; 1998; 1999). They argue that social behaviour is required within ‘artificial 

agent societies’ for achieving intelligent behaviour. They especially stress the 

importance of social interaction in a shared environment in efforts to let the agents 

learn to communicate with each other using the roles of ‘learner’ and a ‘teacher’, 

particularly based on imitation. In addition, Billard and Dautenhahn have also 

collaborated with Hayes (Billard et al., 1998), in experiments on human – robot 

communication conducted with the robot doll Robota, with the aim to investigate 

imitative learning. 

 

Initially, Dautenhahn (1995) proposed a research outline to the study of ‘artificial 

social intelligence’ of autonomous robots. The desired goal with the approach is 

‘individualised robot societies’. Dautenhahn (1995) argued that new application 

areas for autonomous robots like service robots as household assistants (cf. Groutz & 

Davis, 1994; Otsu, 1993), acting in the ‘real world’, instead of industrial domain-

specific niches, would require new demands for the design as communication and co-

operation abilities both between robots, and also between humans and robots. She 

mentioned situations when the robots may support humans in tasks with high degree 

of social interactions and therefore the robot must be able to communicate in 

‘human-like’ manners since robots are suggested to become members of our daily 

life. Hence, the robots must be designed in such a way that it would be easily socially 

integrated into the human society and hence ‘social’ robots must obtain social skills. 

The idea of household (or welfare) robots has been addressed by, i.e., Kato (1991), 

which claimed that these robots must have the capability of adopting to human 

motion and feelings. Dautenhahn (1995) interpreted Kato’s utterance as that the 

robot thus would have an individual character of behaviours. Dautenhahn (1995) 

mentioned an example with a robot that supports a handicapped person and 

throughout their long lasting interactions the robot may acquire some generalised 
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‘understanding’ of the person’s condition and movements. The robot will develop 

social skills as a result of the adaptation process (as expressing feelings, emotional 

involvement and empathy), and could therefore be able to treat the human as an 

individual, rather than an anonymous person, since the robot is able to anticipate 

other human’s behaviour.  

 

Dautenhahn (1995) has been heavily inspired of the Social Intelligence Hypothesis 

(Kummer et.al., 1997), which also is called the Machiavellian Intelligence 

Hypothesis (Byrne & Whiten, 1988; Whiten & Byrne, 1997). Inspired by these ideas, 

Dautenhahn (1995) especially stressed the ‘social roots of intelligence’ and she 

particularly points out the importance of imitation for the development of 

intelligence, and it is this mechanism, imitation that she particularly chose to 

investigate in her robot-robot interactions experiments. She particularly focused on 

the development of individual interactions between robots. Dautenhahn (1995) 

claimed that complex social interactions develop over time and the individual social 

relationships of an agent at a certain moment in time are the result of all social 

interactions that the agent has done during its lifetime.  

 

Dautenhahn (1995, p. 338) mentioned that according to Moore (1992) is imitation 

“among the least common and most complex forms of learning and she then 

classified imitation as a ‘social learning method’, but she particularly mentioned that 

‘real’ imitation is separated from other ‘imitation-like’ behaviours. According to 

Moore’s (1992) analysis of experimentally supported evidence of imitation is only 

found in some primates (chimpanzees and humans), parrots, and finally in whales 

and dolphins. Moreover, Dautenhahn (1995) argued that these species all live in 

societies that have individualised relationships. Dautenhahn (1995) characterises 

individualised relationships as the necessary recognition of others like unique 

individuals, as a way to control the interactions, and predict the behaviours of others, 

and to evolve complex social relationships like co-operative problem solving, 

aversion, as disliking someone or devotion to another individual. Dautenhahn (1995) 

argued that imitation requires focusing on one particular individual’s behaviour and 

therefore evolved in societies which have interactions between individual 
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conspecifics. According to Meltzoff and Gopnik (1993), imitation is an important 

action in learning socially relevant movements, like facial expressions in primates. 

Hence Dautenhahn (1995) argued that imitation is suggested to be one of the most 

important mechanisms in child development as a way of developing individual 

relations and social interactions. However, there did not exist any commonly 

accepted definition of imitation at the moment according to Dautenhahn, when she 

wrote her article, but she used Mitchell’s (1987) formal description of imitation and 

his proposed ‘comparative-developmental’ framework of five hierarchically related 

levels of imitation. Dautenhahn (1995) used this framework with the motivation that 

this framework is appropriate both in animals and machines and therefore also in 

artificial artefacts (agents) like robots.  

 

Mitchell’s comparative-developmental framework consists of five related levels and 

he characterises imitation as follows: 

Imitation occurs when something C (the copy) is produced by 
an organism and / or machine, where: C is similar to something 
else M (the model); registration of M is necessary for the 
production of C; and C is designed to be similar to M. 
(Dautenhahn, 1995, p 339). 

 
The first level of imitation is mimicry and it is attained to morphogenesis and 

evolutionary proceeding of selection, and includes behavioural mimicry. At this first 

level of imitation the imitator and the model of imitation do not need to experience 

each other. However, at the second level, the model can affect the imitator (C), since 

the imitator’s behaviour is regulated by an ‘open program’ that reproduces the 

external semblance or actions of the model by perception. By ‘open’ Mitchell means 

according to Dautenhahn (1995) that the program only functions if the imitator 

earlier has interacted with the model. But, it is not a kind of immediate perceptual 

tracking, since the imitative behaviour can be delayed. The third level of imitation is 

characterised by the program that is producing the imitative behaviour can be altered 

according to the model, since the imitator dynamically strives to accomplish 

similarity with the model. At the forth level of imitation does the imitator control the 

interaction between itself and the model, and to achieve this greater correspondence 

the imitator has to modify and vary several aspects of the imitative behaviour. It is at 
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this level that the imitator is self-conscious of his/her imitative behaviour since 

he/she is the programmer of his/her particularly behaviour. At this level the imitator 

recognises what they actually are doing, namely imitating. To be able to do this the 

imitator needs to be self-aware and it has been suggested that only humans, 

chimpanzees and dolphins are able to possess self-awareness. At the last fifth level, 

the imitator itself plans the program in relation to its knowledge of the model’s 

perception. This means that the imitator not only has to be self-consciously, but is 

also aware of others as conscious beings. Mitchell (1987) mentioned that human 

adults are experts at this kind of imitation, and as a consequence of this advanced 

capacity, human beings are able to lie, delude and deceive others. But, it has been 

suggested that also dolphins and chimpanzees might be able to perform this fifth 

level of imitation. Dautenhahn (1995) mentioned that the development from the 

lowest to the highest level of imitation is not is not grounded in internal 

representations of the imitative behaviour, rather a kind of ‘awareness’ essential for 

imitation for the particular level of imitation. The five levels in Mitchell’s imitation 

framework is summarised in the following figure 10. 

 

                      The 5th Level of imitation   

 

                         The 4th Level of imitation 

 

                     The 3rd level of imitation 

                         

                         The 2nd level of imitation 

  

                         The 1st level of imitation 

 

               Figure10. Mitchell’s (1987) five level comparative-developmental framework for imitation.  
 

In Dautenhahn’s robotics approach imitation is used as a ‘social skill’, instead of 

previous conducted research, whereas the ability of imitation rather is used as a ‘non 

social’ function (cf, Hayes & Demiris, 1994; Kuniyoshi, 1994). Dautenhahn viewed 

imitation as a kind of social learning from examples and using imitation in this way, 

Awareness of  other’s awareness 

Awareness of the imitating act 

The imitator has an awareness of the imitation model  

Awareness of differences between the imitator and the 
imitation model. 

No awareness of the imitating act (mimicry)  



 91 

as a tool for implicit knowledge transfer between different sorts of robots or between 

robots and humans at the third level of imitation.  

 

By characterising imitation as a social skill, Billard and Dautenhahn (1997, 1998, 

1999) have performed several experimental set-ups with the aim to study the 

development of artificial social intelligence in robot-robot interaction, using one 

robot as a teacher (model) and another as a learner (imitator). They have also done 

this experiment between a robot and a human, where the human acted as the teacher 

for the robot (learner). In all experiments the usefulness of communication as another 

social skill in embodied agents (mobile robots) between the learner and teacher in a 

‘meaningful’ environment is studied.  The learner robot (child) uses the teacher robot 

(mother) as a model for its behaviour, since the learner tries to attain a resemblance 

interpretation of the environment as the teacher robot. This similarity is grounded in 

the learner robots own sensory and motor interactions. To allow this kind of 

interaction in form of communication, a simple kind of imitative mechanism is used, 

namely bidirectional following. This means that both the learner and the teacher use 

‘following’ and ‘keeping-contact’ as kind of ‘social bonding’ interactions that 

function as the social context, in which the associative learning would be acquired. 

The interpretation process in the learner robot (child) is characterised as the social 

skill ‘learning to communicate’. The teacher robot (mother) ‘instructs’ the learner 

robot (child) , during the time that the learner robot follows its ‘mother’, imitating its 

actions in their common environment.  The ‘child’ robot associates its sensor-motor 

data with the arriving communicative signals11 (‘words’) emitted from the teacher 

robot at the same time. This ‘learning to communicate’ process is technically 

implemented by general multiple sensory association processes, called the DRAMA 

architecture (Dynamical – Recurrent – Associative – Memory – Architecture) 

developed by Billard in an earlier project (for a more technical description see 

Billard, 1998). The main advantage with this architecture is that is applicable on 

different types of robots, and environments argued the authors. 

 

                                                        
11 The use of ‘words’ in this study is in a metaphorical sense according to Billard and Dautenhahn 
(1995). ‘Words’ are referring to bit strings (like 00011) as communicational signals used in a certain 
context. They do not intend to make any claims of human language as such.  
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The experimental scenario for investigating the process ‘learning to communicate’, 

using imitative mechanisms is designed in the following way. The physical 

implementation consists of the mobile, but not similar mother and child robots, 

whereas the teacher robot is the model for the child robot’s behaviour. The mother 

robot ‘knows’ the right ‘words’ for beneficial places and situations in their 

environment and the child robot has an ‘instinct’ to stay nearby the mother robot, as 

a helping factor for learning the teacher robot’s ‘knowledge’ of their environment. 

The authors argue (1997) that the ability to communicate may be favourable for an 

individual agent (robot, human or animal) in a lots of situations, especially as this 

imitative learning may function as a knowledge transfer between different robots and 

also humans. 

 

The first experimental set-up was composed of two scenarios (Billard & Dautenhahn, 

1997). In the first part, the teacher (mother) robot ‘instructs’ the learner robot (child) 

when it follows and imitates the mother robot’s actions in the environment, 

concerning different locations in the landscape. The ‘learning to communicate’ 

process is achieved by the ‘child’ is associating its sensory data with the emitting 

‘words’ from the ‘mother’. In the next stage, the ‘mother’ and ‘child’ was separated. 

The ‘child’ then had to use its acquired ‘knowledge’ of the ‘mother’s’ vocabulary to 

discover the mother’s location, which she was ‘telling’ to her ‘child’. 

 

The environments consisted of a ‘meaningful’ landscape (see figure 11), which was a 

rectangular area (1.8 x 4.9 m) surrounded by walls. In the middle of the arena there 

was a hill (1x 1m) with a flat top and the steepest of the hill’s slope was 17 degrees. 

On the top of the hill a light source was located nearly half a meter above the top. As 

a result the robots probed an increased light intensity when they were climbing up 

the hill.     
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Figure 11. The experimental set-up. The ‘teacher’ robot goes first over the hill, transferring signals 
that the following ‘learner’ robot receives.  (Adapted from Billard & Dautenhahn, 1997 
 

The robots were equipped with radio transceivers and emitters, inclination and light 

sensors. The ‘child’ robot has to learn to distinguish between ‘going up the hill’, 

‘going dawn the hill’ and ‘moving on plane ground’, associating these movements 

with the mother’s words for each action. Moreover, he child was also allowed to 

learn to associate an increase of light intensity with the action ‘going up the hill’, and 

the other way around, namely, associating the decrease of light intensity with ‘going 

down the hill’. Billard and Dautenhahn (1997) used radio transmission as 

communication channel, and the learner robot was supposed to learn to associate 

radio signals (‘words’) with these actions, and this was accomplished with changes in 

light intensity and variations of inclination.  

 

The first experiment started with the learner robot standing behind the teacher robot 

in front of the hill. Then they climbed up and down the hill and were stopped at the 

other side of the hill when they had reached the desired position about 25 cm behind 

the hill. Then the robots were turned around to climb the hill again, from the other 

side. To be able to investigate the result of learning in the child robot, seven control 

positions were chosen in the hill area. In the second phase of the experiment, the 

child robot was ‘parked’ on each of these seven control positions and its responses 

(‘words’) were measured. The result of the first experiment was that the child robots 

‘learned’ to associate the three radio signals (‘words’) with different angles of 

child 

mother 

1001001   
 ’Hill’ 
 Slope 

Light 
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inclination. The child robot was able to differentiate between the control position in 

zones of ‘climbing upwards the hill’, ‘climbing downwards the hill’, and ‘plane 

surface’. Nevertheless, there exists a temporal delay in the perception of the 

landscape in the learner and teacher robots, since they cannot be in the same position 

at the same time, resulting in small differences in perception and interpretation. For 

example, when the robots were climbing up the hill, the mother robot reached the flat 

area before the child. The same takes place when climbing down. The teacher robot 

is instructing ‘Flat’ when the child robot still is moving downwards in the slope. 

Therefore, Billard and Dautenhahn (1997) stated that learning by imitation is 

intrinsically imperfect. Additionally, the increase in light source correlates with the 

‘upwards’, whereas decreased intense of light was associated with ‘downwards’ or 

flat surface’.  

 

In the second phase in the study, the child robot was separated from its ‘mother’, 

trying to find the mother when ‘hearing her’ telling that ‘she’ either is on the hill or 

on the plane, as the child robot is directing itself in relation to the light source. The 

experimental set-up was similar to the previous conducted experiment. The light 

given by the light source was aimed downwards at the top of the hill, which was 

brightest in the centre and then decreased in intense, and finally there was an area 

that was dark. The light intensity functioned as a scaffold for the child robot’s 

actions, since it determined its reactions. The child robot was equipped with two light 

detectors that controlled the speed given to the motors of the wheels. A difference in 

light intense between the two (left and right) light detectors decided the child robot’s 

movements. Whereas the robot was located in the dark area it only moved forward, 

since a difference in light intense between the two light detectors was lacking, or too 

small. When the child robot entered the bright area, it could turn either towards or 

away from the light. The signals (‘words’) transmitted from the mother robot 

controlled the child robot’s behaviour in relation to the light source. In the 

experiment the mother robot was initially placed on top of the hill, and the child 

robot at the starting positions down the hill, either 90 degrees at the left or to the 

right of the hill. As a result of these different placing the mother robot was out of 

reach for the child robot’s infrared detectors. This procedure was repeated five times 
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at different places and then reversed, whereas the child robot was placed at the top of 

the hill and the mother robot was located down the hill. In sum, ten different 

scenarios were created. The test results displayed according to Billard and 

Dautenhahn (1997) that the child robot’s behaviour was correct, which means that 

the child robot was able to ‘find’ the mother at different locations, depending on the 

signals transmitted from her.  

 

Billard and Dautenhahn (1998) have also conducted some experiments in which a 

robot was ‘taught’ a basic vocabulary about its sensory perceptions, concerning 

objects in its surroundings. The ‘teaching procedure‘ was either performed by 

another teacher robot or by a human teacher. Also in these experiments the strategy 

of ‘mutual following’ was used, in order to create a common sensory surrounding for 

both the ‘teacher’ and the ‘learner’.  Billard and Dautenhahn (1998) argued that their 

results displayed that the learner robot grounded its understanding of the teacher’s 

vocabulary. Since they observed correlations between environmental and internal 

parameters, in other words that the duration of short-term memory of sensory stimuli 

had to be specified in relation to the objects in the surrounding, resulting in that they 

(1998) claimed that their findings indicated that grounding of communication in 

robots not only requires a framework of learning capacities in the robot, but also the 

robots ability of behavioural actions in its particular environment.  

 

Billard and Dautenhahn (1999) scaled up these previous conducted experiments on 

imitation strategies of transmitting a vocabulary between a teacher robot and a 

learner robot, by adding several learning agents. In this study they conducted 

different experiments that all were performed in a simulated environment. The 

previous presented experiments by Billard and Dautenhahn (1997, 1998) were scaled 

up in order to ground communication between groups of simulated agents. The 

experimental results of this modified study showed that imitative behaviour was 

necessary for the grounding of the agent’s orientations (proprioceptions) and fastens 

the grounding of outside objects and surfaces (exteroceptions). Moreover, it was 

shown that agents lacking the capability of imitation were slower at ‘learning’ or 

even failed. Billard and Dautenhahn (1999) thus suggested that the role of 
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behavioural action patterns might have a more prominent function for the 

understanding of the mechanisms necessary for language development.  

 

In addition, Billard and Dautenhahn have together with Hayes (1998) also studied 

human - robot interactions, using a doll-like robot called Robota. The shape is similar 

to that of a doll, and the doll has the ability to imitate, learn and communicate. By 

using simple phototaxis behaviour, the robot doll Robota is able to ‘mirror’ the head 

and arm movements of a human, acting as a demonstrator. By using these kinds of 

imitation scenarios, Robota can be ‘taught’ to execute and label movements as dance 

patterns, and it is also controlled by the DRAMA architecture that allows learning of 

time series. 

 

 Robota has three motors, which each moves the arms and the head. Robota is also 

equipped with a sound emitter, used to simulate crying. The doll robot is attained 

with five touch sensors, located under the feet, in the hands and in the mouth. 

Moreover, Robota is equipped with a tilt sensor that calculates the body position, and 

four infra red detectors. Every infra red detector is composed of an emitter and a 

receptor component. The detectors are placed on Robota’s ‘body’: two receptors are 

on her chest, which control the robot’s arms. Measuring the signal of the 

corresponding emitters that the human instructor keeps in each hand provides this 

controlling of Robota’s arm movements.  For example, if the human instructor 

moves his/her right arm in front of the robot, the robot’s left detector becomes 

activated that triggers the arm waving movements of Robota’s left arm. Two other 

emitters are placed on Robota’s ears, whereas the corresponding receptors are put 

onto a pair of glasses, which the demonstrator is supposed to wear. As a result of this 

phototaxis, Robota seems to ‘mirror’ and ‘imitate’ the human demonstrator’s head 

and arm movements. The doll robot is also equipped with a basic communication 

system, consisting of a pocket recorder (for recording spoken ‘language’ as words) 

and a keyboard with eight keys. To communicate with Robota the instructor pressed 

the keys on the keyboard, whereas each key represented a ‘word’ and Robota 

interacted by reading back the sound of the corresponding word. The conceptual 
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meaning of each word corresponded to the spoken word that the demonstrator 

attached to each key.  

 

Billard et al. (1998) conducted two scenarios with Robota, the first one was an effort 

to teach Robota some ‘dance patterns’ (different combinations of arms and head 

movements). In order to ‘instruct’ the doll robot the human instructor initially 

performed head and arms movements sequentially, which Robota imitated at once 

through ‘mirroring’ via its infra red sensors placed on different parts of its body. 

When the actual dance pattern was ended, the human demonstrator pressed one of 

the keys on the keyboard, resulting in that the doll robot associated the key pressing 

with the complete series of movements involved in that particular dance pattern. The 

association was performed through activating the corresponding sensors unit on 

Robota. For each key on the keyboard a certain dance pattern was taught. To check if 

Robota really had learned the dance pattern correctly, the instructor pressed the 

actual key. Each dance pattern was learned by Robota after one to three attempts.  

 

In the second part of this experiment, Robota was taught to ‘describe’ its movements 

and also its perceptions of touch on its hands, feet and mouth. The human instructor 

would choose eight of eleven words (I, You, move, turn, touch, arm, foot, head, left, 

right, up/down) and then stick each of the eight selected words on each key on the 

keyboard (one word / key). After that the instructor then taught Robota to describe 

her head and arms movements and also her perceptions of touch, through associating 

them with a certain key combination as ‘I move left arm’ or ‘You touch left foot’. To 

stimulate the robot doll the demonstrator first activated Robota’s actual sensor (i.e. 

on the left foot) and then pressed the corresponding key, and then continued to teach 

Robota the next word in the sentence. The outcome from this second part of the 

experiment showed that Robota was able to learn implicitly, the ‘conceptual 

meaning’ of each word, although the robot only had been thought whole sentences 

according to Billard et al. (1998). They continued to argue that this design could be 

extended further, by adding more words, which in the end would be a complete 

language. In sum, Billard et al. (1998) claimed that the experiments carried out with 
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Robota showed that the robot was able to learn a simple ‘language’ that shares some 

common properties with natural language12.  

 
 
3.4.4 Edmond’s ‘El Farol’s Bar’ 
 
 
Edmonds (1998) has conducted a simulation of co-developing agents that 

demonstrates the possibility of social embedding. He characterised social 

embeddedness such as the agents actively have to construct their social 

understanding, rather than modelling the social dimension explicitly. The intention 

was not to display an analogy with human social interaction, rather to show the kind 

of phenomena that might emerge in a group of socially situated agents, which could 

co-develop different behavioural strategies ad hoc. Therefore the learning algorithm 

was based on genetic programming with the aim to not provide the agents with any a 

priori wanted behavioural strategies. Instead, Edmonds (1998) argued that the 

‘desirable’ strategies should emerge from the agents’ interactions with each other and 

the environment. The degree of social embeddedness was based on where most of an 

agent’s ‘communication’ and ‘action’ took place.  

 

Edmonds (1998) model of co-evolving social agents was based on Arthur’s (1994) 

‘El Farol’s Bar’, but extended in some detail, mainly by bringing in ‘learning’ and 

‘communication’. The model set-up consisted of 10 agents that once a week had to 

decide whether or not to go and visit ‘El Farol’s Bar’. In general, it was gainful to 

visit the bar, when it was not too crowded, which happened if more than seven agents 

visited the bar at the same time. Before each agent decided if they would visit the 

bar, they have an opportunity to ‘communicate’ with each other.  

 

The agent’s possible behaviours were represented in two possible ways: crowd-

avoiding and friendly. The difference between them was designed to reveal to what 

extent social embedding may affect the agents’ motivation. In the crowd-avoiding 

scheme every agent gained most credits for visiting the bar when less than seven of 

                                                        
12 Related studies on the development of language use in robots are, e.g., Steels (1996), and Steels and 
Vogt (1997) work on the ‘talking heads’-robots. 
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the other agents were there at the same time. If an agent visited the bar when it was 

too crowded, they got 0,4 credits and if they ‘stayed’ at home they got 0,5 in credit. 

By this design there was no fixed reward for any specific action, since the utility 

gained from going depended on how the other agent’s behaved. The friendly scheme 

was similar to the above crowd-avoiding scheme, since there was a credit at 0,5 for 

going when it was not crowded (0,2 if it actually was crowded), but every agent got 

extra credit (0,2) for each ‘friend’ that also visited the bar. However, if an agent 

stayed at home, they were promised a utility of 0,65. Roughly speaking, it was worth 

going if the agent visited the bar when it was not too crowded with one or more 

friends or in the case that it actually was crowded, the agent brought three or more 

friends. Who was a ‘friend’ of whom was characterised randomly initially and 

remained fixed from then on. However, friendship was ‘communicative’, since if X 

was a friend of Y, then Y was a friend of X. In both presented schemes it was 

impossible for every agent to gain maximal credit, since there always were some 

conflicts as a potential for dynamics.   

 

Each agent had a collection of expressions (sentences) that were composed on pairs 

of basic expressions, which represented possible behaviours, such as ‘what to say’ 

and ‘what to do’. The basic expressions were fixed, but they could be mixed 

randomly. The agent did not ‘understand’ the meaning of any expression, 

communication or action, the agent could only evaluate every complete sentence 

(pair of basic expressions) based on the utility each whole expression had resulted in 

during the past, in order to decide whether it would visit the bar or not. Every week 

each agent used the most successful pair of expressions in the past, and used them to 

decide its communication and behaviour. Hence, the agents constructed its 

expressions out of earlier experienced ‘useful’ expressions, meaning that its space of 

possible expressions was unrestricted, which allowed for an extensive selection of 

tentative behaviours to develop.  

 

Every agent could ‘communicate’ with each other once a week, directly before they 

made the decision if they should visit the bar or not. Eight runs of 100 iterations were 

carried out, with ten agents in each run. Every agent had an initial quantity of 40 
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pairs of expressions that were generated at random. Half of the runs were conducted 

with the friendly-scheme of expression evaluation, and the other half were the runs 

with the crowd-avoiding scheme.  

 

The most apparent feature in the results was the difference between the patterns 

during the crowd-avoiding and friendly runs. In the crowd-avoiding scheme the 

presence in the bar seemed to be more stochastic in comparison with the friendly 

scheme, which showed an apparent coordination of behaviours. This result was 

predictable, Edmonds (1998) argued, since the crowd-avoiding utility scheme 

promoted the competitive dis-coordination of behavioural strategies, whereas the 

friendly scheme rewarded the coordination of actions with one’s friends.  

 

Despite the positive result of being able to model the emergence of social 

embeddedness in an active and constructive way, Edmonds (1998) argued that the 

simulation did not show the role that imitation plays in the development of social 

embeddedness, especially when both ‘communication’ and imitation are involved.  
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4. Discussion and Conclusions 

Throughout Chapter 2 we have step by step addressed the progress of the situated 

approach, giving a historical background from the driving forces that generated the 

‘cognitive revolution’ until today, particularly focusing on the role of situatedness in 

cognitive science and AI. Then in the previous chapter we have presented different 

perspectives on the social nature of situatedness from various fields, namely 

Vygotsky’s cognitive development theory (Section 3.1), primate intelligence 

(Section 3.2), avian intelligence (Section 3.3), and finally current socially situated AI 

(Section 3.4). In this chapter the discussion will focus on the role and relevance of 

social situatedness for natural and artificial intelligence. For that purpose we have 

formulated some guiding questions, and the remainder of this chapter is structured as 

follows. In section 4.1 we will take a closer look at the mechanisms that underlie 

social situatedness. We will compare the different perspectives on social situatedness 

presented in Chapter 3, and the guiding question in 4.1 is ‘What do we actually know 

about the mechanisms of social situatedness?’. Section 4.2 then asks a related 

question, namely ‘What are still speculations about the mechanisms of social 

situatedness?’. By way of conclusion, section 4.3 addresses a number of implications 

(limitations and possibilities) about social situatedness in cognitive science and AI. 

For example, we will discuss to what extent socially situated AI can be used to 

model the mechanisms that underlie socially situated natural intelligence, and finally 

we present some general conclusions about the role and relevance of social 

situatedness for intelligence. 

 

4.1 What do we actually know about social situatedness? 
 
Having presented different perspectives on socially situated intelligence in the 

previous chapter, we will now try to sum up what the mechanisms of social 

situatedness are according to empirical findings and implementations. Social 

situatedness emphasises social interaction and communication abilities (not 

necessary verbal) as a way of acquiring information, and to be able to establish such 

a dyad some basic social mechanisms have been explored and investigated further. 

Already at birth the human infant is sensitive to human faces, and the mother appears 
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to be ‘primed’ to place herself into the centre of her infant’s closest visual field when 

interacting with her child (cf. Hendriks-Jansen, 1996).  

 

One of the basic mechanisms that has been investigated further and implemented in 

robots to some extent is joint or shared attention. This concept includes a collection 

of mechanisms that enable the capacity to selectively focus on an object/target of 

mutual interest, creating a world of ‘shared’ interest. Studies on autistic children 

show that the ability of joint attention is vital for social interactions (cf. Baron-

Cohen, 1995). The lack of this attention sharing capability is one of the most obvious 

differences between normal and autistic children during infancy.  In comparison to 

other developmental disorders and mental retardation the lacking communication and 

social interaction capabilities of autistic persons are distinctly specific (cf. Baron-

Cohen, 1995; Frith, 1989).  

 

Baron-Cohen (1995) exemplified this abnormal communication and social 

interaction ability by showing that autistic children often fail to make eye-contact 

and in the cases when they are able to recognise where another person is looking they 

usually do not succeed to grasp the information implicated.  Schäfer (1997) presented 

a striking example: another child pointed at a plane in the sky, shouting ‘plane!’, but 

the autistic child paid attention to the stretched arm, and not to the plane. This 

characteristic episode shows that the autistic child was unable to focus on the object 

of interest, namely the plane in the air. All this implies that the ability of joint 

attention is one of the basic mechanisms of social situatedness. Empirical 

investigations have shown that this basic capability of joint attention emerges 

between nine to fifteen months of age in humans (cf. Butterworth & Jarrett, 1991). 

 

Moreover, the close phylogenetical and ontogenetical match between humans and 

other primates concerning joint attention is striking. The mechanisms of gaze 

following are present in Great Apes and some of Old World monkeys (cf. Section 

3.2.2). Especially, chimpanzees and orang-utans are able to read the direction of 

human pointing, face and sometimes gaze (Itakura, 1996). The only joint attention 

behaviour that is lacking in chimpanzees is the advanced mechanism of declarative 
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pointing (Povinelli et al., 2000). This is an interesting observation since the 

ontogenetical development in human children is quite parallel with the course of 

phylogeny of joint behaviours in primates. Chimpanzees are our nearest relative and 

they also stand closest to the human attention-sharing repertoire. However, there are 

some anecdotal notes of ‘enculturated’ apes (see section 3.2.4), in particular 

chimpanzees, reared by humans that actually have acquired without any systematic 

training a pointing gesture similar to declarative pointing which they use in 

communication with humans (Savage-Rumbaugh, et al., 1998; Tomasello, 1999). 

 

According to Tomasello (1999), these observations demonstrate that chimpanzees 

that have been raised by humans and then to some extent are situated in the human 

socio-cultural environment can develop and acquire some human-like social 

behaviours and mechanisms that they actually do not develop in the wild. Exactly 

how this happens and what factors are responsible is for the moment unknown, but 

Tomasello (1999) speculates that one reasonable explanation is that in the wild, no 

one points to them, showing them things or expresses intentions toward their 

attention, as a kind of “socialization of attention” (ibid., p. 35).  

 

In these ‘enculturated apes’ we can see some parallels to the major claim in 

Vygotsky’s general law of cultural development (see section 3.1.3), namely that our 

more advanced behaviours and cognitive abilities initially originated through social 

interactions between individuals (humans or in this case apes), then were altered to 

become an individual behavioural act. That transformation process may actually have 

occurred in the ‘enculturated’ apes, since they probably have observed how people 

use this pointing gesture in interactions with each other and also towards the 

chimpanzees. Nevertheless, the question remains: Do these apes actually understand 

the act of pointing in the same way as humans? (cf. Section 3.2.4). 

 

Moving this discussion of basic social behaviours from humans and non-human 

primates to the AI field we notice that some of these basic mechanisms are the ones 

that have been implemented in the humanoid robot projects such as Cog (cf. Brooks 

et al., 1999) and Infanoid (cf. Kozima, 2000). Beginning with the Cog project, the 
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team members have so far implemented the following basic social behaviours; 

pointing to a visual target, recognising a beginning to joint attention through face and 

eye finding, imitation of head nods and regulating interaction of expressive feedback 

(Section 3.4.1). The additional robot system in the Cog project, the vision and 

emotive response platform Kismet (Section 3.4.1), can engage in various forms of 

basic interaction behaviours, grounded in a ‘drive system’ (fatigue, social and 

stimulation). The platform’s ‘mood’ becomes replicated as emotional and facial 

expressions (anger, calm, disgust, happiness, interest, sadness and surprise). As a 

consequence of not being stimulated the system ‘expresses’ boredom, while 

overstimulated it ‘expresses’ fear, otherwise Kismet ‘is’ interested. Finally, in 

Infanoid the initiation of a shared attention ability has been implemented so far, 

namely the capability of detecting human faces and finding their eyes, then catching 

the gaze direction in order to find the object of interest (cf. Section 3.4.2).  

 

Continuing our discussion of social interaction skills, we notice that Vygotsky (see 

section 3.1) almost never mentioned these basic mechanisms of joint attention at all. 

However, we have to keep in mind that the study of social behaviour in infants was 

not common during his era (Wertsch, 1985). Vygotsky himself had the opinion that 

during early infancy only biological factors affected the child, such as bodily 

maturation and growth, while the role of social interaction became dominant later on 

(Vygotsky, 1934/1978). Nevertheless, he presented an illustrative example (cf. 

Section 3.1.3) of how social interaction alters the act of grasping to the act of 

pointing, through a transformation process in which social interactions serve as a 

‘bootstrapping’ and constraining force on the child’s behaviour, resulting in a 

qualitatively different behaviour.  

 

Moreover, Vygotsky claimed that this transformation process is a uniquely human 

ability, i.e. the qualitative leap from animal to human cognition. During this process 

the child learns to perform mediated acts, using psychological tools in social 

interactions with others in the zone of proximal development (see section 3.1.3-

3.1.4). However, recent findings in especially chimpanzees show that humans are not 

the only ones performing such acts of internalisation. The pygmy chimpanzee Kanzi 
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has learned to communicate via American Sign Language, and he is able to use about 

240 signs (Savage-Rumbaugh et al., 1998). Moreover, other studies show that 

chimpanzees can solve more advanced problems in co-operation with a human 

collaborator than alone or with other chimpanzees (see section 3.2.3-3.2.4). This 

implies that Vygotsky was wrong in his assumptions about non-human primate 

intelligence, since it appears that chimpanzees to some extent have a kind of a zone 

of proximal development. The actual width of the chimpanzees’ zone is unclear, and 

as in the case of humans, it probably varies between individuals.  

 

How this very process, the internal transformation process, emerges and functions as 

a result of the individual’s development is still an unsolved question. Vygotsky 

argued that both biological and sociohistorical factors were involved, but 

unfortunately he only presented a broad outline without any details (cf. Section 3.1.3 

and 3.1.5). Because of this missing understanding in general, the humanoid robot 

designers do not actually know what further mechanisms they should implement in 

their models. It has been argued that this process is a kind of imitation process (cf. 

Vygotsky, 1934/1978; Dautenhahn, 1995; Tomasello, 1999).  But how these learning 

mechanisms actually function in detail, and to what extent they can be implemented 

in AI systems are still speculations. 

 

Hence, the remaining challenge is to present an explanation of how this 

developmental process functions, and what social mechanisms further have to be 

implemented in the humanoid robot systems. In the next section we will address 

different speculations on how this can be accomplished. 

 
 

4.2 How does socially situated intelligence develop? 
 
Having illustrated the barest outlines of the social nature of situatedness in the 

previous section, we will now discuss different theories and speculations how the 

developmental process functions, and yet, how we might implement such ability in 

an artificial system and what mechanisms would be necessary to achieve such social 

learning.  
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Throughout the previous chapter different perspectives on this learning process have 

been considered, all with the common theme that some kind of social learning 

(learning from others) is involved. However, there exists no actual understanding of 

the social mechanisms of learning, but in general several scientists have argued that 

this process occurs in several forms (cf. Mitchell, 1985; Tomasello, 1999; Whiten, 

2000). The spectrum ranges for example, from simple mimicry or ‘mirroring’ to 

‘real’ imitation. Roughly speaking, what all these models of social learning 

mechanisms have in common is that the differences lie in how aware or conscious 

the learner itself is of its particular ‘imitating’ act. Ranging from no awareness at all 

to being conscious of others as intentional beings, from which they imitate a 

particular set of activities to reach a certain goal or result (cf. Section 3.2.1 and 

3.4.3). According to Tomasello (1999), imitation is the most advanced form of social 

learning, meaning that the imitator actually reproduces the demonstrator’s behaviour, 

for the same goal, implying that the imitator has an intrinsic understanding of the 

imitating act.  

 

However, the use of the concept of imitation differs significantly between the fields 

of primatology (and animal intelligence in general) and AI. On the one hand, AI 

researchers (cf. Brooks et al., 1999; Billard and Dautenhahn, 1997, 1998) tend to use 

the term imitation quite roughly, while on the other hand, primatologists and 

cognitive ethologists are much more restrictive, since they argue that imitation is the 

most advanced social learning mechanism (cf. Section 3.2.1). This implies that 

Brooks et al.’s (1999), and Billard and Dautenhahn’s (1997, 1998) work of 

‘imitation’ in robots (cf. Section 3.4.1 and 3.4.3) actually are not imitation in the 

primatologist’s sense. Rather, it is simple mimicry or at most exposure, implying that 

the ‘imitator’ apparently is not aware of the imitating act or its intended goal. We 

argue that the robot/AI system does not possess an intrinsic understanding of the goal 

of the learning process. This lack of awareness of the imitating act in these AI system 

is the consequence of implementing a behaviour based on ‘built in’ responses, which 

only the human observer interprets as ‘intelligent’ and ‘meaningful’ behaviour.   
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One of the basic foundations in Vygotsky’s cognitive development theory is the role 

of social interactions (Section 3.1.3). However, although Vygotsky initially tried to 

distinguish the difference between human and animal intelligence, we can see some 

parallels of the impact of social interaction for the development of individual 

intelligence in the cases of the grey parrot Alex and the pygmy chimpanzee Kanzi. 

The teaching technique that Alex was trained by is called Model/Rival protocols (cf. 

Section 3.3). A variant of this technique was used in the case with Kanzi, (Savage-

Rumbaugh et al., 1998). Initially Kanzi learned to communicate with humans (via a 

computer) by accident, while he was watching his mother being trained. At that 

moment, Kanzi was so young that he sat in his mother’s ‘lap’ during the training 

sessions, since he did not want to be left alone. After a while he showed that he also 

had acquired communication ability, soon he performed much better than his mother. 

Today, Kanzi is among the most impressive of all trained non-human primates to 

date. Hence, we can detect striking similarities to Vygotsky’s general law of cultural 

development in Alex and Kanzi, namely that their ‘cognitive’ development appears 

twice, first between agents (questioner/answerer) and then on the individual level (in 

Alex and Kanzi themselves). Kanzi started to observe his mother being trained and 

then managed to communicate on his own. In both the cases of Alex and Kanzi their 

training begun when they were youngsters, and not grown up, resulting in that their 

own development was a mix between biological and social factors, which Vygotsky 

argued would be significant for the development of individual intelligence (see 

section 3.1.2).  

 

 While the interest of social factors for intelligence has increased rapidly within 

contemporary cognitive science and AI, and much of the literature is, directly or 

indirectly, clearly influenced by Vygotsky, there are surprisingly very few 

researchers that really mention Vygotsky’s work as a source of inspiration.  We 

believe that his ideas can contribute much more to the field of AI.  One reason is the 

striking similarities in the developmental cases of the parrot Alex and empirical 

studies on chimpanzees based on a ‘Vygotskyan’ outline as discussed above. 

However, Zlatev (2001) offers ‘Vygotskyan’ approach for a theoretical framework to 

how a machine (e.g. a robot) could acquire meaning (and perhaps intentionality). 
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Despite technical problems that we do not address here, Zlatev (2001) argues that 

several forms of interactions (bio-chemical and physical, social and linguistic) result 

in meaning, as a consequence of shared conventions, in a kind of mutual knowledge.  

 

4.3  Implications and Conclusions 
 
Having addressing the empirically demonstrated basic social mechanisms of 

situatedness in section 4.1, we continued our discussion on the nature of the 

developmental process in section 4.2, speculating about what factors such an 

epigenesis may require and how it might be implemented in AI systems, where so far 

development is obviously lacking. In this section we will present a number of general 

implications for the fields of cognitive science and AI concerning social situatedness. 

We will start off, asking what it would take for an AI system to be socially situated, 

followed by a related question: To what extent can socially situated AI be used to 

understand the mechanisms of socially situated natural intelligence? In particular, 

one question is whether humanoid robots can be used to validate different 

developmental theories, such as Vygotsky’s theory of cognitive development 

(Section 3.1). Moreover, we will discuss some general implications of bringing 

together researchers from various fields and their contributions to cognitive science 

and AI. Last, but not least, we present some general conclusions about the role and 

relevance of social situatedness for intelligent behavior.  

 

As characterised earlier in this thesis (cf. Chapter 1 and section 2.2, 2.3 and 2.4) an 

agent, natural or artificial, could be said to be socially situated if it has the ability to 

acquire information about its environment by itself, when interacting with its 

physical and social surroundings. Moreover, the agent could have the potential to be 

’historically situated’; acquiring its own history that implies some form of (social) 

learning. This implies that a socially situated AI system must have the ability to 

interact socially with other social beings (natural or artificial) and be able to use 

some kind of social learning mechanism.  

 

At a first glance, there seem to be striking similarities between the basic mechanisms 

implemented and functioning in the humanoid systems and those possessed by 
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humans and some non-human primates (cf. Section 4.1). However, if we take a 

closer look there are also significant differences. By way of introduction, one of the 

overall aims of these humanoid robots is a developmental approach that is supposed 

to be supported by social interaction (e.g. scaffolding).  But, so far these fundamental 

factors actually seem to be lacking, more or less. 

 

The implemented social behaviours are very basic mechanisms, which in humans are 

either innate or develop over time during the first year of life, with the result that 

lower behaviours serve as a foundation to more advanced skills and so on (cf. 

Diamond, 1990, in section 3.4.1). In the previously mentioned humanoids (cf. 

Section 3.4.1 and 3.4.2) this lack of a developmental approach is two-fold.  Firstly, 

these behaviours have not emerged ontogenetically, rather they have been ‘built in’ 

into the robot systems, not accumulated through development on each other as in 

humans and non-human primates. For example, the implemented ability to point to a 

visual target in Cog, is just a ‘conducting’ behaviour, since it is only a computational 

mapping between hand and eye co-ordination (see section 3.4.1). Further, Cog’s so-

called social pointing behaviour is not a result of shared attention, simply because the 

robot actually points towards the object at the centre of its visual field, without 

participating in a shared attention towards a target of mutual interest with a human 

collaborator. Rather Cog’s pointing behaviour seems to be based on pure 

computation, which also is the case in Infanoid. Despite the fact that Infanoid can 

accomplish joint attention to some extent with a human, focusing on an object of 

shared interest, the creators have nevertheless been forced to ’build in’ some tricks in 

order to implement the joint attention behaviour. For example, there is a ‘colour 

preference’ for ‘red’ so that the robot can distinguish and locate the object of shared 

interest, which actually is a red or pink coloured toy (Kozima, personal 

communication).  

 

Moreover, these AI systems only operate now and then, meaning that they seldom 

have a possibility to actually ‘develop’ over extended periods of time (if they 

actually would have that ability), whereas humans and other primates are exposed to 

the possibility of development almost all their time (when not sleeping). Therefore, 
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as a consequence of always ‘being there’, humans and other primates have greater 

means for development than the particular AI systems. The time dimension has to be 

extended further in another way too, meaning that an increased memory capability 

has to be implemented, since these systems almost do not have any memory capacity 

at all. These robot systems have to be given the opportunity to relate past events with 

new ones, being ‘historically situated’ as a foundation for developing and learning 

novel flexible behaviours, based on previous experiences. 

 

Moreover, we then criticise the neglecting of social interaction, as a scaffold to 

‘bootstrap’ new behaviours, which actually is one of the intended issues in these 

robot systems. If we again return to Cog’s behaviour of pointing to a visual target, 

this particular ability has not been bootstrapped through human interaction as a social 

learning mechanism. Instead, that behaviour has been “learned over many repeated 

trials without human supervision, using gradient descent methods to train forward 

and inverse mappings between a visual parameter space and an arm position 

parameter space” (Brooks et al., 1999, p. 75-76).  

 

In order to summarise, the addressed criticism can be directed at all of the presented 

implementations of social mechanisms, as different forms of joint attention and 

social behaviours. We propose that they all, for the moment, are merely ‘reactive’ 

models, rather than developmental models, additionally largely lacking social 

interaction as a scaffold to bootstrap novel behaviours. Humans, on the other hand, 

are according to the situated approach (cf. Suchman, 1987, 1991) able to construct a 

response in order to perform an accurate interaction according to the circumstances, 

rather then reacting on stimuli by a conditioned (pre programmed) response (cf. 

Section 2.4). Despite the fact that New AI is heavily inspired by natural systems, 

they tend to neglect the basic biological mechanisms and overemphasise the role of 

implementing the actual proximal behaviour (cf. Ziemke, 2001a), instead of paying 

attention to really understanding the ‘intended’ meaning behind the behaviour, how 

and in what ways a particular behaviour actually has emerged in the living system. 

Consequently, the resulting behaviour is based on ‘built in’ responses, which an 

outside human observer interprets as ‘intelligent’ and ‘meaningful’. We argue that 
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the robots/AI systems do not possess an intrinsic understanding of its behaviour (cf. 

distal and proximal descriptions in section 2.3).  

 

However, the general aim with these humanoid projects is a developmental approach, 

and thus, they have so far built the ‘reactions’ which in future work hopefully can 

facilitate development. What actually has been implemented are the basic 

mechanisms that in later stages can support development, through social interaction, 

but they have not been developed by these robot systems themselves. This is the case 

in all of the humanoid projects (see section 3.4.1-3.4.2), and also in the case of 

Dautenhahn et al.’s robot-robot interactions (Section 3.4.3). They have made an 

attempt to create a shared ‘understanding’ between two robots, using ‘bodily’ 

(sensory) experience in combination with guidance of ‘words’ (signals). We believe 

that these implemented basic reaction mechanisms may be used as starting points 

that can function as basic scaffolds for an ontogenetical process. However, with the 

current knowledge and technology, the AI researchers have to ‘design’ or ‘create’ 

these basic behaviours, since all artificial systems definitively lack an ‘intrinsic’ life 

task that is biologically based, which functions as a motivational force for their 

development and behaviour. This means that the current AI systems are driven and 

designed from the ‘outside’ (man-made decisions), rather than from the ‘inside’ (the 

system itself) as in natural systems (cf. Ziemke, 2000, 2001a). 

 

Moreover, in order to implement (from the outside) an artificial developmental 

process in these socially situated AI systems, the same dilemma will emerge. 

Implying that the AI system will not be aware of this learning process itself, but an 

outside observer may interpret the robots behaviour as developmental. This is what 

actually happens in the case with the vision and emotive response platform Kismet 

(cf. Section 3.4.1), since Kismet’s motivations, drives and the resulting behaviours 

are designed by humans. Therefore, Kismet’s social behaviour is the result of the 

robot’s ‘built in’ adaptations to conduct the human creator’s pre designed tasks, 

which the human observer interprets according to his/her goals. Obviously, it is easy 

for human observers to interpret Kismet, as for example, being ‘angry’ (cf. Figure 7), 

but hardly anybody would claim that Kismet actually feels anger itself. To sum up, 
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this means that contemporary socially situated AI systems actually may lack 

‘intrinsic’ meaning and development, implying that they might be useful tools, in the 

sense of a ‘weak AI’, but they should not, as sometimes done, be expected to be 

intelligent or intentional in the ‘strong’ sense (cf. Searle, 1980, and the discussion in 

section 2.2). Hence, present socially situated AI could only, with today’s known 

technology, be socially situated in the sense of a ‘weak AI’.  

 

Scassellati (2000a) argued that socially situated robots could be used as tools to 

validate different developmental theories, and investigate how intelligence may be 

socially situated (cf. Section 1.1). This comparative analysis between theories of 

human cognitive development and socially situated AI could be complementary, 

since the AI models could be used to evaluate different aspects of the implemented 

social mechanisms, as well as validate (or falsify) different factors. Moreover, if they 

may implement (complete or partly) models of social learning mechanisms and 

cognitive development in a humanoid robot, that would provide a possibility to 

conduct controlled investigations of several variables, which could be manipulated in 

various ways to explore how certain conditions affect the artificial system’s 

behaviour. As a consequence of these manipulations, cognitive science could acquire 

a detailed understanding how the ontogenetical process emerges, what factors that 

are necessary, which mechanisms that develops after each another, and these steps 

could be evaluated thoroughly. In addition, a robot model can be the test subject of 

such experimental set-ups, which may be controversial, costly, practical impossible 

or even unethical to conduct on human beings. Another possibility could be to 

investigate how certain social and communicative disorders like autism arise, and 

how they are affected by social factors (cf. Kozima, 2000; Werry et al., 2001).  

 

On the one hand, these intended contributions are for the moment quite speculative, 

since current work on socially situated AI actually is still pretty much in an initial 

phase, therefore not able to verify (or falsify) any developmental theory at all. On the 

other hand, studies on socially situated animal intelligence may instead contribute to 

cognitive science and AI, and that is the reason for paying so much attention to 

animal intelligence in this thesis. Despite a lot of research on human infants, 
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scientists have not gained a clear understanding of how the developmental process 

emerges, since this process progresses so quickly in human beings, with the result 

that it is very hard to find out what actually happens. However, in primates and 

parrots these processes develop more slowly and therefore they are easier to study 

(Pepperberg, 2001). However, despite the intended contribution there are some 

tentative risks in combining different research areas. One risk might be 

misinterpretations of other fields, and another is the distinct definitions of the same 

concepts, for example the use of the term imitation that we mentioned in the previous 

section. However, if we weigh the pros and cons of combining these research fields, 

we are convinced that the benefits are much greater than the disadvantages. 

Tomasello (2000) suggested that the field of primate cognition can be a way to 

investigate further the role of social and cultural factors in the phylogeny and 

ontogeny of human intelligence, arguing that this field has not received adequate 

attention in cognitive science. One interesting issue is the ‘enculturated apes’, which 

seem to ‘understand’ human language. Despite the fact that they cannot vocalise 

words, they can to some extent ‘understand’ human speech, and the unsolved 

questions are ‘Have they yet reached the actual limit of their cognitive capacity?’ and 

‘Can they go beyond their actual cognitive stage and perform even better?’ 

 

Moreover, contemporary socially situated AI is not for the moment able to evaluate 

Vygotsky’s theory of cognitive development, whereas empirical findings in primates 

and grey parrots seem to verify his theory in several aspects. For example, we 

believe that some studies on chimpanzees have shown that they have the potential to 

use the zone of proximal development, and also in Alex’s case. This is quite 

interesting, since Vygotsky initially tried to distinguish what the difference was 

between animal and human intelligence, arguing that an animal could not be taught 

to be more intelligent (see section 3.1.4). Hence, instead of differentiating human and 

animal intelligence, the ‘Vygotskyan’ approach actually is ‘blurring the line’ 

between animal and human intelligence, particularly by the positive implications of 

variants of his general law of cultural development on animals.  

 



 114

Despite the current criticism against contemporary works in socially situated AI, that 

they only have implemented the very basic mechanisms of social situatedness (see 

section 4.1), offering quite simple interactions, they actually do have some benefits, 

since they are lacking complex behaviours. Dautenhahn and Werry (2000) and 

Werry et al. (2001), for example, have addressed the role of mobile robots as social 

mediators in autism therapy. This project is a part of the AURORA project, which 

has the aim to investigate how these mobile robots can teach autistic children basic 

interaction mechanisms that are significant for social interactions. The initial results 

so far are encouraging, but no general conclusions can be drawn yet.  

 

We may then address a related question, namely how these socially situated AI 

systems actually may influence us as humans, being a part of our technical 

surrounding. Dependent on how this interaction is shaped, it may change our 

environment, our way of thinking, and being in the world. Brooks et al., (1999) 

mentioned that people that visited their lab had no problems of interacting with Cog 

and Kismet. However, Kozima (personal communication) mentioned that some 

people, especially children, became afraid of the appearance of Infanoid, and 

therefore did not want to interact with the humanoid. However, Kozima does not see 

the common scepticism against having a social robot as an assistant in the daily 

family life as a major problem. He argues that the integration of these social robots 

will follow the same integration process in human daily living as with nowadays 

common household machines, like vacuum cleaners and washing machines. Initially, 

some people were sceptical against and afraid of these machines too, and some 

people refused to wash their clothes in the washing machine or did not leave home 

when they were running. Seeing how integrated these household machines are today, 

Kozima speculates that the same will happen with social robots. However, the main 

advantage with these social robots will be that the human robot–interaction will be 

based on human-like social mechanisms and communication abilities.  

 

But what will happen if we, for example, have artefacts with emotive interfaces, such 

as Kismet, how would they affect us? One consequence might be that we may feel 

akin to these social robots, that we actually treat them as social beings or pets, as a 
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surrogate for real humans. What will happen when the social robot gets broken? Will 

people try to repair it, and if that is impossible, will they show grief over their loss or 

would they just buy another one? This may affect the way we interact with other 

humans later on. Maybe people who already live isolated will become even more 

isolated, since they may withdraw from human company and only interact with their 

humanoid. In that case, how would that robot-human interaction affect the human 

mind? Will these people then be more isolated from human beings, resulting in that 

they may become depressed?  Studies on infants whose caregivers, for example, are 

depressed demonstrate that these infants show evidence of reduced social attention 

and engagement as a result of the decreased social interactions (Field et al., 1988).  

 

The opposite may also be possible, that people may be excellent in interacting with 

their social robots and then become ‘autistic-like’ in human face-to-face interactions. 

The same may happen if humans interact socially with robots that cannot express the 

variety of emotions that a human face can express. Although Kismet can signal some 

kinds of facial expression they are not as complex and detailed as human facial 

expressions. What will the effect of increased interaction with social robots be, as a 

result of their less complex facial expressions? Will that change the way humans can 

perceive and interpret emotions. Will some emotions disappear? Can our emotions 

be manipulated in that sense, meaning that these social robots will not display 

‘unwanted’ emotions?  

 

By way of conclusion, we argue that we in this thesis have shown that the social 

dimension of situatedness is a necessary but not a sufficient condition for the 

development of natural and artificial individual intelligence. That means, cognition 

and intelligent behaviour are not the outcome of social factors alone, since, as 

already Vygotsky pointed out (cf. Section 3.5), the social dimension itself does not 

‘create’ anything, rather its only transforms the nature of biological aspects. This 

implies that a humanoid robot growing up in close social contact with human 

caregivers would not become intelligent in the ‘strong’ sense, since with current 

technology it still lacks intentionality in Searle’s sense (cf. Section 2.2). 
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However, we nevertheless believe that contemporary socially situated AI offers a 

promising route as an alternative to traditional AI, but still this direction has to gain a 

lot of knowledge from natural systems and their developmental processes, to be able 

to model some aspects of individual intelligence in artificial agents, such as 

humanoid robots. Our argument is that these socially situated AI systems can be used 

as tools to model some aspects of natural social situatedness, but only from the 

observer’s point of view, i.e. in the sense of  a ‘weak AI’. 

 

As this thesis has shown, there are many questions remaining regarding the social 

nature of intelligence, and we believe that studies of animal intelligence will be of 

great value to researchers in cognitive science and AI in their ambition to understand 

the role and relevance of social situatedness, for natural as well as artificial beings. 
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