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Abstract. Recent research in psychology and cognitive neuroscience are increasingly showing how emotion plays a crucial role in cognitive processes. Gradually, this knowledge is being used in Artificial Intelligence and Artificial Life areas in simulation and cognitive processes modeling. However, it lacks a theoretical framework that allows them to deal with emotion. In addiction, regarding emotion-based computational projects, controversial questions concerning the nature, function, and mechanisms of emotions, that must be considered, are mostly neglected on researches. The objective of this article is to discuss some of these problems and to present references that can be useful in their solution. Key words: Emotion, Artificial Intelligence, Computational Simulation.



1 Introduction Recent findings in neuroscience regarding the mechanisms, functions, and nature of emotions ([1], [2], [3], [4], [5], [6], [7], [8], [9]) have been attracting the attention of researchers in Computer Science and Artificial Intelligence (AI). It is believed that emotions play a significant role in diverse cognitive processes, and are essential for problem solving and decision making. Despite Darwin’s indications made in [10] that emotions are phenomena important for survival, only recently has the association of emotion with reason and logical behavior in human beings, been reviewed [9], [11], [12]. Currently, AI and Artificial Life rely on the emotion aspects that are crucial to model perception, learning, decision processes, memory, and other functions. In Computer Science, there are two branches of research exhibiting interest in emotion aspects. The first, Human-Computer Interaction (HCI), concentrates its attention on the interactions between the user (human) and the machines, and considers possible optimizations of this relationship. The main objective pursued by its researchers is the development of engineering tools to measure, model, and provide responses to human emotions through sensors, algorithms, and hardware devices. Affective Computing, coined by [13], is the term used to classify projects in this category. The most notable authors in HCI are: [13], [14], [15], [16] and the Labmedia Massachusetts Institute of Technology research group. Some of their projects include the Socially Intelligent Character, Embodied Conversational Agents, and Story Telling Systems. An example of a successful commercial project is Sony AIBO (http://www.sony.net/Products/aibo). F. Almeida e Costa et al. (Eds.): ECAL 2007, LNAI 4648, pp. 223 – 232, 2007. © Springer-Verlag Berlin Heidelberg 2007
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The second branch of research involves Intelligent Agents systems, which have their internal architectures based on emotions (emotion-based systems). These systems’ models are biologically inspired processes described and studied by neuroscientists [11], [17], [18], [19], [20], [21], [22], [23]. Its main objective is to emulate emotion process in agents’ behavior. In general, emotion-based projects aim to improve systems performance in decision making, action selection, behavior control, trustworthiness, and autonomy. Since both of the above mentioned branches of research are new, their projects still confront basic problems. We are particularly interested in the second research branch, and we intend to discuss some of the problems faced by it. Looking at the more developed emotion-based computational systems projects, it can be said that the construction of such systems is far from trivial. In AI, to approach emotion concepts is as problematic and complex as life approach in Artificial Life. We have noticed that the problems can be clustered into two groups. First, it lacks a scientific approach structure (theoretical framework) to deal with Artificial Emotion (AE). This is a known limitation and many authors have suggested ways of dealing with it (e.g., [6], [12], [17], [24], [25], [26], [27], [28], [29], [30]). However, there are few projects that had shown acceptable trustworthiness to be followed. As a direct consequence of the lack of an appropriate framework to model emotion, we see the lack of comparisons, not only between distinct projects, but also within the same project, to contrast the results obtained from emotion-based and non emotion-based experiments. Second, a close look at projects reports gives us a non-exhaustive list of important questions they should face to get more trustworthy results. To present these problems, but also to provide an indication of possible solutions, this work is organized in order to present, in our viewpoint, a significant list of the more important theoretical references in the diverse subjects displayed. The next section, for example, emphasizes the lack of adoption of a framework and suggests a possible approach. It also criticizes the lack of comparisons between projects. Section 3 suggests basic questions that current projects do not tackle and present possible directions to address them. Section 4 is dedicated to the final comments.



2 Framework for Emotion-Based Projects The difficulty to elaborate a framework to deal with AE, has done that hitherto none approach has proved being notably distinct and superior to others. Maybe the difficulty in the elaboration of a theoretical framework is associated with, current lack of information about emotion and its relation with other subsystems. As indicated in [22], it can be questioned if emotions, in artificial systems, have a potential role in action selection (what agent should do, based on its emotional state), adaptation (behavior alterations), social regulation (communication, exchange of information), sensory integration, in alarm mechanisms (similar reactions in consequence of critical situations for the agent), motivation, objectives management (creation of new goals or priorities changes), learning, focus of attention (selection of data to be process, based on emotional evaluation), memory control, strategic processing and internal model (what emotional state represents to the agent).
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The elaboration of a model that is capable to control simultaneously all these functions can be an extremely complex task to currently developing projects. Suggestions have been proposed by [5], [6], [24], [25] and [30], based on the hypothesis that emotions have adaptive purposes. All of them agree that it is necessary to follow a functional view of emotions presented in natural systems, in which we will concentrate on. [24] propose a functional view on the role of emotions and its implications for an emotional intelligent agent project. The author believes that: (i) the emotion has an adaptive purpose and can contribute to improve the agent survival capacity and (ii) AE models must be based on emotion functions abstractions, and must be used to generate agent behavior. Among the functions that can be attributed to “emotions” and that allow computational implementations, the author mentions: (i) to assign event relevance according to system objectives, (ii) to detect the difficulties in the solution of the problems that impede reaching these objectives, (iii) to define priorities and resources according to goals and (iv) to allow parallel processing that guarantees system’ objectives. To [24], the models that establish a linkage between emotion, motivation and behavior, provided by a synthetic physiological structure, can allow conclusions as those found in her experiment [6]. In that case, it can be observed that an agent presents either an oriented behavior (goal or objective) or an opportunistic behavior, when variables associated to physiological structures (functional) are used as regulatory mechanisms of its behavior. One notable previous study [30] suggests that the understanding of the brain structure and the neural mechanisms embedded in neuromodulation1, present in human and other animals emotions led researchers ([1]; [2]; [3]; [31]) to believe that it is possible to “abstract from biology a functional characterization of emotion” ([30]). These researchers affirm that the interactions between amygdale and prefrontal cortex, and its influence in emotion generation are already well known, but they admit that the way computational systems can “take advantage of it remains an open question” ([30]). In [25]’ functional view it is necessary to understand emotions as dynamic patterns of neuromodulation, instead of patterns of neural activity, as it is currently considered. When compared to the most classic viewpoint, centered in neural circuits [1], [2], [3], it is a distinct approach to characterize emotions origin and emotions impact in behavior and cognitive processes. Based on [32]’ analysis of motivation and emotion, [30] propose that the dynamic of neuromodulators systems serve as an inspiration to generate the functional structure for emotion-based architectures. Even though [30] emphasize that “emotions are, of course, far more complex than a few brain structures” and interaction of neuromodulators systems, authors believe that if systems whose architecture contained functional characteristics were used in computational simulations, it would be possible to modify its parameters to generate a behavior analogous to the one generated in an emotional state. The results from a previous study [25] provides a list of functional properties of the emotion, such as the change in the autonomous and endocrinal systems, impulse of motivational behavior, communication, social interaction, improvement of the survival capacity, and better memory storage and recovery. Although the author proposes a functional vision, his study also lists a few functions of emotions that “have natural robotics counterparts” [25]. The researcher affirms that it is possible to endow a robot 1
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or a computational system with characteristics that can be functionally related to emotions, making the elaboration of a project or experiment much easier. That is the first hurdle in the challenge of including emotion associated functions, useful in the functioning and performance of the system, in computational models. In any given project, establishing a restriction on the communication between two interfering agents in order to get a desired emotional behavior out of the system could be an undesirable limitation. In such a case, it would be better not to apply the restriction, even though it may cause the system’s behavior to seem unnatural. Although complex, the functional framework seems computationally implementable and similar to natural systems and can produce convincing emotion-based projects. As examples, we can mention some projects that abstract physiological components from the animals, as hormonal levels: [21], [26] and [33]. Even though, these authors assume that they are not worried about the plausibility (bio-inspiration) of these systems. Also, in [22], author says that in the emotional control of systems processes he does not claim for any “biological plausibility of the employed states or mechanisms” This can be seen as an initial approach of the emotion concept, and can help to test theories about psychological processes [12]. Certainly, some projects (e.g. [22]) observe the phenomenon, comparing it with what could be classified as emotion. Even though the use of concepts and knowledge related to emotion does not mean to endow a computational system with emotional characteristics, we believe it is necessary to maintain somehow any plausibility, in a way that it does not be just a programmer who works metaphorically, attributing concepts related to human emotion to computational internal variables [34]. In fact, some projects deserve a severe critic related to the terms they use, assigning, many times, emotions names to system parameters without any abstraction of natural systems. As [24] and [35] question, it is difficult to establish a limit between a ‘genuine emergent’ behavior and the one conferred by a tendency of an observer anthropomorphism. It is possible that the lack of an appropriate framework to model emotion is the reason why we scarcely see comparisons between distinct projects or within the same project. A systematic analysis of the projects is necessary to get progress in artificial emotion research [24]. Interactions between the experiments could be useful to compare and to discuss different architectures and eventually, to benefit projects in progress, generating more expressive results in lesser time. Also, they can be useful in providing insights on the way research is being executed, and on the use of different approaches. Comparisons between emotion-based and non emotion-based architectures, in replicated experimental protocols, can be an efficient way to validate conclusions.



3 Some Questions to Emotion-Based Computational Systems and Possible Ways to Address Them As a new research area, we can notice that there are much more questions than solved problems, a fact that can be seen as an opportunity for new proposals. To answer them, as [34] suggests, the efficient tradition of basic scientific research, to return to the premises and initial principles in order to better understand the subject must be followed. Finally, the development of computational implementations can help to solve or supply new ideas to them. The proposed questions for emotion-based compu-
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tational systems can be grouped in two types, related to (i) theoretical-conceptual problems and (ii) computational problems. Initially, scientific communities do not have a consensual definition of emotion. Questions related to the origins and functions of emotions and their relation with other affective processes (motivation, mood, attitudes, values, temperament, etc), also seems hardly consensual. These facts suggest that an understanding of the mechanisms involved in the emotion phenomenon may limit the development of emotionbased systems. A solution to surpass them is strictly functional: instead of “what emotions are”, we must concentrate on “what emotions are for” [25]. To create emotion-based architectures and projects, a list of important questions must include: how many and which emotions must be selected? Is it possible to have a feasible model that considers the co-occurrence of artificial emotions? ‘How many’ and ‘which’ emotions one might select are questions on which there is no consensus. Four ‘basic emotions’ are used in many systems: happiness, sadness, anger and fear (see [11], [21]). According to [36] this number must be bigger (15): happiness, sadness, anger, boredom, negation, hope, fear, interest, contempt, disgust, frustration, surprise, pride, shame and guilt. [7] believes that eight emotions must be used. They are classified by the author as “primary emotions”: happiness, sadness, acceptance, anger, fear, disgust, anticipation and surprise. Contrarily, [37] argue that from the theoretical point of view it is a fallacy to compare affective states with a predetermined number of basic emotions. Strengthening this argument, Paul Ekman, the creator of the term “basic emotions”, has admitted later on that there aren’t non-basic emotions [38]. Due to the need of a complex control system, some projects (e.g. [22], [39]) seem inclined to select only one or two emotions. The most parsimonious suggestion is seen in [24]: “Do not put more emotion in your system than what is required by the complexity of the system-environment interaction”. What is the relation between emotion and other subsystems? How to integrate it with other mechanisms (sensory, learning, selection, reaction and communication)? [20] question the lack of integration between emotions and other systems (cognitive, language, memory, etc), and how it harms the attainment of better global results. [24] affirms that due to the possibility of interaction between emotional mechanisms and diverse cognitive subsystems, such as the physiological, the cognitive-evaluative and the communicative-expressive, it is possible to get an interesting solution to improve system agent’s performance. However the author questions the need of such complexity, and the current plausibility of its implementation. According to recent research in psychology [40] and neuroscience [2], [3] and [9], emotions are processes that control cognition and action, and manage our mental models. In its basis, we could ask if its shortfalls compromise cognitive abilities in autonomous agents. For [25] it is clear that “emotions have co-evolved with perceptual, cognitive and motor abilities.” and that affect “all levels of functions, from lowlevel motor control to planning and high-level cognition”. In this sense, comparisons between emotion-based projects and no emotional ones can be useful to supply us with information about the connections that are established between emotion and cognition. Also, it serves to verify if the inclusion of emotion improves or not cognitive abilities in computational systems. Some questions that might be especially interesting in Artificial Life projects are associated with emergent phenomena [22], [24], [41]: Can Artificial Emotion be an
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emergent property? If “yes”, how architecture design can influence on the emergency of complex actions in emotion-based agents? [24] affirms that it is possible that an emotion emerges from an agent, and that this is a feasible way to investigate the role emotions plays in agent-environment interaction, in distinct complexity levels. The author suggests that, to prevent problems, some functional equivalence between agent characteristics and its environment must be preserved. In this context, the problems are related to anthropomorphism tendency but, indeed, since an artificial system can represent existing natural models, it can be difficult to affirm “why and when emotional behavior arises” [24]. Besides that, one can question if the system will provide enough mechanisms to explain and justify a supposed emergency of emotional behavior [42]. [23], [25] affirm that typical explanations for the emotion function are based on the flexibility of agent behavior response to its environment. [5] defines the core of an emotion as the disposal to act in a pre-defined way. These theories are motivations to use behavior as a phenomenon to measure emotion. In fact, due to the lack of formal theories that describe the non-observable emotion subjective process [21] or intuitive parameters [42], many experiments [23], [26], [43] identify the emotion through any observable resultant behavior. Probably, one of the most frequent and investigated questions is: emotional processes need to be related to an embodied entity? It is possible that the motivation to find its answer has appeared due to a recent change in the traditional view that intelligence is an abstract process that could be studied without taking into consideration the physical aspects of natural systems [44]. Great part of current research defends that, to obtain intelligent behavior it is necessary that an agent is situated in the environment and interacts with it. Besides being important for intelligence, in light of [2], [3] and [9], the body is essential for the emotion. [41] defends a contrary argument when the question involves a computational apparatus. As an intermediary viewpoint, [18] believes that “emotion systems involved in feedback control of situated agents may serve to provide the grounding for embodied agents in the body/environment coupling”. Related to computational problems it is possible to identify other questions. Some problems may be related to the wrong way we program agents’ systems. Related to system architecture, one can ask: what type of data structure and computational mechanisms might be used to capture and represent the complexity of emotion processes? What architecture models are the best for the comparison of agent performance? The available programming languages and program syntax, with algorithms conceived by a program designer, in a great part of the cases, limits or disables any type of code evolution. It also limits that the agent can develop, autonomously, parts of its architecture during environment interactions. [45] affirms that it is fundamental to surpass the challenges of identifying the appropriate methods of information codification to produce a process of incremental growth. In order to get incontestable resulted, what type of experimental test allows better exploration of emotion-based models? Particularly, we feel that there is something missing related to computational tools to represent emotion phenomenon. While we do not get new advances in terms of algorithms or computational tools, we must concentrate on the modeling of the emotion, to the point not to lose the most relevant characteristics, and not to produce an extremely complex scenario that does not allow a computational representation of the phenomenon.
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As we have said at the beginning, this section shows a not-exhaustive list of problems faced for emotion-based systems projects. Answering them is a complicated task, since it requires concepts that are not yet entirely understood and theories that are not well established [24], [46]. The notable complexity of a projected system to take care of such interdisciplinary problems, including computational parameters necessary to control their multiple factors, is probable one of the reasons AE research faces little development when compared with other equally novel areas. Many of these questions are probably made at the beginning of project developments but curiously, are not the focus of publications in the AI and Artificial Life areas. This difficulty can be one of the reasons for which we rarely see references to previous approaches in experimental projects. Certainly, tough questions require a broad and deep multidisciplinary background or a research group that might include psychologists, ethologists, neuroscientists, computer scientists, software engineers and philosophers. Even though it does not guarantee that it is possible to have a single model that responds to the majority of questions, attempts to answer these questions can also serve to show other limitations that emotion-based research might face, helping to surpass them.



4 Final Comments Even though currently available knowledge about emotions has led AI and Alife researchers to propose models of emotion-based systems, an essential question is still left to be answered; that is, to what extent can researchers abstract and model the supposed structural complexity involved in emotion phenomena. Indeed, the lack of appropriate frameworks for common reflection and standards for a sound validation practice is a restriction that needs to be surpassed ([47]). Constructive critics and projects comparisons commonly made in any research field can be a beneficial counterpart to experimental progress and development. Our hope is that the development of computational models of emotion becomes a core research focus for Artificial Intelligence, and soon we can see many advances in such systems. As more neuroscience findings are published, it will become easier to construct emotion-based agent systems. Computational projects with a specific focus will be able to extend their scope to include subsystems hardwired to specific emotions. On the other hand, conducting more emotion-based computational experiments will better our knowledge of unknown mind functions and provide a test-bed for theories of biological emotion ([30]). The extent to which researches in AI and Alife will improve our understanding on mind phenomena and allow us to develop new robust and trustworthy artifacts will depend on the extent to which we will be able to answer the remaining open questions. Positively, overcoming this challenges can be an important step in that field’s progress beyond engineering applications towards a more scientific discipline ([47]), allowing that the answer to our title is a ‘yes’. Acknowledgments. João Queiroz is sponsored by FAPESB/CNPq. Jackeline Spinola and João Queiroz would like to thank the Brazilian National Research Council (CNPq) and The State of Bahia Research Foundation (FAPESB).
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