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A Structural Theory of Content Naturalization†
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Peking University, Beijing, China
This paper develops a structural theory for naturalizing content. I will show that it resolves the common problems for a naturalistic theory of content, including the Twin-Earth problem, the Swampman problem, the Fregean problem, and the problems of indeterminacy, vacuity, disjunctive content, and conceptual changes. Therefore, it has obvious advantages over its alternatives, such as Dretske’s informational-teleosemantic theory, Fodor’s asymmetric dependence theory, teleosemantics, and Prinz’ initial cause theory among others.
1. Introduction
This paper develops a new theory for naturalizing content. A theory for naturalizing content is supposed to characterize the representation relation between a concept (as an inner representation realized as a neural circuitry in a brain) and the external things represented (i.e. its broad content) in naturalistic terms, that is, without using intentional terms such as ‘meant’, ‘represent’, ‘belief’, ‘desire’ and so on. It is to naturalize the semantic normativity. In doing this, we are entitled to refer to the statistical norm or the biological (i.e. teleological) norm, which are supposedly naturalized normativity already. The statistical norm is characterized mathematically, based on comparing quantities, and the biological norm is characterized by referring to evolution. The representation relation is recalcitrant to naturalization because of the possibility of semantic misrepresentation. For instance, a remote horse in mists may cause a concept C to occur to my mind, but it may turn out that my concept C ‘actually represents’ cows, not horses (or cows-or-remote-horses). A naturalistic characterization of the representation relation is supposed to characterize what a concept ‘really represents’ in naturalistic terms and exclude the cases of misrepresentations. There is nothing similar to this semantic misrepresentation for the statistical norm. For instance, if the cow-C causal events do not in fact occur frequently, then the cow-C causal connection is not statistically normal. The difficulty is exactly, how can we still identify the cow-C connection as a semantic norm?
There have been several theories of content naturalization proposed. For instance, Dretske’s (1986; 1988) informational-teleological theory, Fodor’s (1990; 1994) asymmetric dependence theory, teleosemantics (Millikan 1993, 2004; Papineau 1993, 2003), and Prinz’ (2000, 2002) initial cause theory are among the most well known ones. These theories face a few problems (cf. Adams 2003; Neander 2004): 
(1) There are several problems of indeterminacy. Many theories employ causal connections between a concept token in a brain and its broad content as the basic connections for fixing content, with some extra conditions added to exclude misrepresentations. Then, a common indeterminacy problem is, how can we fix content to one link in a causal chain and exclude other links? Similarly, an effect can usually have multiple causes. How can we determine which cause is the represented? For teleosemantics, which refers to the normal biological functions of a concept to fix content, indeterminacy can come from the fact that a biological trait usually has multiple normal functions. 
(2) The Twin-Earth problem is well known. It means that, for a natural kind concept (e.g. WATER), a theory should fix content to what are in one’s actual environments (i.e. H2O on the Earth), and exclude anything elsewhere with the same appearance but a different internal structure (e.g. XYZ on the Twin-Earth). Current theories typically refer to historical causal events between one’s concept tokens and things in one’s actual environments to exclude irrelevant things on the Twin-Earth. These are called ‘causal-history theories’. However, there are several problems in tension with the Twin-Earth problem. They seem to require something different from what is demanded by the Twin-Earth problem, and thus they require a more subtle theory than the current causal-history theories.  
(3) First, there is the problem of conceptual changes. Suppose that Sally on the Erath and Twin-Sally on the Twin-Earth are exchanged in sleep (unknown to them), and then they live on the Twin-Earth and the Earth respectively for the rest of their life. It seems counter-intuitive to claim that Sally will never be able to represent the watery stuff on the Twin-Earth for the rest of her life because her concept WATER has been permanently hooked to H2O on the Earth, although we may agree that Sally is making a mistake when she wakes up on the Twin-Earth and applies her concept WATER to XYZ for the first time. That is, a theory should also allow Sally’s concept WATER to undergo some changes when Sally lives on the Twin-Earth, so that it starts to represent XYZ on the Twin-Earth from some point (unknown to Sally herself). This requires something different from those simple causal-history conditions for fixing content in the current theories. 
(4) Second, there is the disjunctive content problem. Jade consists of minerals with two kinds of molecule structures in nature, jadeite and nephrite (Putnam 1975). Suppose that, by a rare chance, the jade instances that I encountered before were all jadeite. Intuitively, it seems that my concept JADE should still represent both jadeite and nephrite, since it is only by a rare chance that the jade instances that I met before happened to be all jadeite (completely unknown to myself). If this intuition is valid, it also requires something different, because the jadeite vs. nephrite case appears similar to the H2O vs. XYZ case. The only difference is that both jadeite and nephrite are abundant nearby, while XYZ exists far away only. A theory should be able to distinguish between them, and fix my concept WATER to H2O only, but fix my concept JADE to both jadeite and nephrite.  
(5) Third, the Swampman problem is also in tension with the Twin-Earth problem. In that thought experiment, Swampman is an exact molecule replica of a real person, created in an exotic cosmic accident. He has exactly the same brain state as some real person has when he is created, but he has no causal, evolutional, or personal developmental history for his inner states. Does Swampman have concepts with content? Admitting that Swampman has concepts with content may imply that content is independent of history and may block the strategy for resolving the Twin-Earth problem, but denying that Swampman has concepts with content appears counter-intuitive.1
(6) The problem of vacuity asks, what is the content of vacuous concepts (e.g. UNICORN and PEGASUS)? Do they have the same content? What differentiates between them? This is a difficulty for the causal-history theories or the teleological theories, because there is nothing to realize the evolutional selections or historical causal events required by those theories to account for content here.

(7) The Fregean problem similarly concerns with how to differentiate between two nomologically coextensive concepts, for instance, between TULLY and CICERO, or PHOSPHORUS and HESPERUS. They bear the same causal connections with the same external things. Therefore, historical causal events or evolutional selection events cannot differentiate between them.
Besides these problems, which a theory must resolve, a theory must also carefully avoid the trap of circularity. Possible potential circularities in Fodor’s theory and in teleosemantics have been noted (Adams 2003; Fish 2000; Ye 2007a, 2007b). I will not go into details here, but circularity always threatens when a theory resorts to another almost equally complex primitive notion in order to characterize the representation relation. For instance, Fodor resorts to the notion of ‘asymmetric dependence’ and teleosemantics resorts to the notion of ‘normal function’ or ‘normal mechanism’.
In this paper, I will propose a theory that can resolve all the problems above and that does not resort to another complex primitive notion that may potentially embody intentionality already. Before going into details, I will here illustrate some major features of the theory, in order to give a general picture of it first. 

This is a structural theory (cf. Neander 2004), which means treating all ordinary literal concepts as composite inner representations and offering semantic rules based on the structures of those concepts. This means that at least the theory is not viciously circular, in the sense that a logical theory of logical constants might be circular but not viciously circular. I will try to show that it is straightly none circular: At the bottom, the semantic content of the simplest and most primitive inner representations is fixed by the biological and statistical norms, as it is suggested by teleosemantics. It seems that indeterminacy and circularity occurs for the current teleological theories only because they apply teleological characterizations to ordinary literal concepts, which are actually composite inner representations. The content of composite inner representations should be fixed by structural semantic rules, and teleological characterizations should apply to the simplest and most primitive inner representations only.
This theory will conform to the intuition that our inner states and our actual environments together determine what our concepts represent. In particular, it is our autobiographical memories among our inner states that finally fix content to things in our actual environments. For instance, suppose that my concept WATER is ‘the same kind of stuff as the watery stuff that I drank before’ and I am sent to the Twin-Earth at midnight (unknown to myself). Then, when I wake up the next morning on the Twin-Earth, my concept WATER still represents H2O on the Earth, because interpreting my autobiographical memory of ‘the watery stuff that I drank before’ will reach H2O on the Earth, since my body was in fact on the Earth. That is, autobiographical memories among our inner states are tied to our actual bodies and experiences, through which our concepts are connected with things in our actual environments. This will resolve the Twin-Earth problem while retaining the intuition that inner states determine content and the intuition that Swampman has concepts with content. I will explain how concepts can have autobiographical memories as constituents, how autobiographical memories represent things in one’s actual experiences, and how these can fix the content of one’s concepts relative to one’s actual environments. It turns out that this will also resolve the indeterminacy problems and the disjunctive content problem.
The theory assumes that most lexical concepts (e.g. WATER) have internal structures. It combines the summary feature theory and the exemplar theory of concepts (Murphy 2002; Laurence and Margolis 1999) and assimilates the idea that basic inner representations are some sort of perceptual mental images, called ‘inner maps’ here (Lock 1690/1975; Millikan 1993; Prinz 2000, 2002). It then implies that a concept, after final analysis, is a composition of inner maps. Note that inner maps are also inner representations, but they belong to a lower level in the hierarchy of inner representations than concepts. Autobiographical memories as constituents of concepts mentioned above are exactly one’s perceptual memories of one’s own experiences as inner maps. However, inner maps are not the most primitive inner representations yet. They have map attributes as components, which are the simplest and most primitive inner representations. Therefore, this theory assumes a three-layer hierarchy of inner representations: 

inner map attributes – inner maps – concepts.

Examining how the problems for a theory of content listed above are resolved, one will see that something like this may be necessary for a theory of content. I will suggest how the content of map attributes is fixed by the statistical and biological norms, and I will propose structural semantic rules for inner maps and concepts, which determine what an inner map or concept represents based on its structure and based on what its components represent. Postulating such conceptual structures will also allow resolving the Fregean problem, the problem of vacuity and the problem of conceptual changes easily. 
This theory depends on some heavy hypotheses on conceptual structures. Since this is a philosophical theory, I will not discuss the psychological accuracy of these hypotheses (although they all come from ideas in cognitive sciences). I will rely on the recognition that they are intuitively plausible, and then I will focus on demonstrating that they can explain ‘the philosophical data’, that is, they allow naturalizing content and resolving the problems listed above.
Due to space limit, I will consider only a subclass of concepts in this paper, called ‘basic concepts’. This includes natural kind concepts and their super-ordinate concepts (e.g. WATER, DOG, ANIMAL), perceptual appearance concepts (e.g. RED), singular concepts (e.g. CICERO), and functional concepts (e.g. CHAIR). Moreover, I will discuss only the details of natural kind concepts and their super-ordinate concepts, which will be called ‘essentialist concepts’ here. 
Two important issues have to be addressed in separate papers. First, there are some well-known objections to postulating conceptual structures (Fodor 1998, 2004; Fodor and Lepore 2002), related to how to account for having concepts, concept individuation, concept compositionality, and analyticity. Ye (2007a) argues that my theory can account for these, and on the other side, conceptual atomism actually has serious difficulties in accounting for some of these issues, and it cannot really circumvent the genuine complexities in accounting for any of these issues. Second, my theory is consistent with teleosemantics’ claim that the representation relation is ultimately determined by evolutional selections. My theory is a structural theory, but obviously, there can be both structural and teleological descriptions of the same thing, for instance, the structural and teleological descriptions of the functions of hearts. However, intuitively, it is also obvious that there are literally false beliefs with survival values and that truth is not simply equal to whatever that serves the ultimate biological purpose of preserving genes. This generates a puzzle. Ye (2007b) explains how exactly evolution determines the representation relation so that false beliefs with survival values are possible in biologically normal situations. It also argues that the answers to this puzzle offered by Papineau (1993) and Millikan (1993, 2004) are insufficient and that a structural characterization of the representation relation is perhaps indispensable. 
Section 2 below will explain the structures and content of inner maps. Then, Section 3 explains the structures and content of concepts. Finally, Section 4 will show that the theory can resolve the problems listed above.
2. Inner Maps and Map Attributes
A few philosophers have explored the idea that basic inner representations are inner maps (e.g. Lock 1690/1975; Millikan 1993; Prinz 2000, 2002). However, if it is simply assumed that an inner map represents anything that ‘looks like’ it, it will suffer from the misrepresentation problem, for my mental image of G. W. Bush may not ‘look like’ G. W. Bush very much and may accidentally ‘look like’ someone in Burma, but it represents G. W. Bush, not that person in Burma. Millikan and Prinz add other constraints to exclude misrepresentations. The idea here is that an inner map can represent a region in the 4-dimensional world (with the temporal dimension considered), including its sensory properties, spatiotemporal structure, and spatiotemporal location relative to the body hosting the inner map. This last feature will fix the represented at some spatiotemporal location and resolve the type of misrepresentations above.2 Note that inner maps represent spatiotemporal regions, for instance, a temporal section of a physical object with its 3-dimensional appearance and temporal duration. They do not represent self-subsistent objects, which are what singular concepts represent (see Section 3). In this section, I will first describe the structures of inner maps. Then, I will explain how the constituents of inner maps (i.e. map attributes) represent properties of external things. Finally, I will describe how an entire inner map represents spatiotemporal regions. 
2.1 Structures of Inner Maps
An inner map is a structured collection of map attributes. Map attributes in an inner map are divided into small groups, called ‘map points’. We also say that map attributes in a small group are attributes on that map point. Intuitively, a point is meant to represent a perceptually minimum part of the region represented by the entire inner map, and attributes on that point are meant to represent properties of that perceptually minimum part, such as its color, brightness, (relative) spatiotemporal location and so on. Therefore, this is similar to how an ordinary digital image represents a region, where a point in the image corresponds to a small dot in the represented region and attributes on the point represent color, brightness and so on of the corresponding small dot. I will defer to the next subsection to explain how this representation is naturalistically realized for inner map attributes. Each map attribute is supposedly realized by some neural circuitry, and map attributes on the same map point (i.e. belonging to the same small group) are supposedly mutually connected by neural links. Then, an entire inner map is supposedly a complex neural structure. 

A map point can have three types of map attributes, (1) some sensory property attributes representing the sensory properties of the perceptually minimum part represented by the point, such as its color, brightness and so on, and (2) an absolute spatiotemporal attribute representing the spatiotemporal location of that part relative to the map’s hosting body, and (3) some relational spatiotemporal attributes representing spatiotemporal relations between that part and other perceptually minimum parts represented by other map points. Therefore, points in an inner map are connected with each other by relational spatiotemporal attributes. In summary, an inner map is actually a structured collection of three types of map attributes: Type 1 and type 2 map attributes are divided into small groups (i.e. map points) and represent properties of the corresponding perceptually minimum parts of the represented external region, and type 3 attributes connect these groups and represent relative spatiotemporal relations between these parts. 

Creating an inner map in mind can be a result of observing the represented region (or a time-section of an object) for a while. It can also be a mental construction (imagination) after some reading or seeing some pictures. For instance, one’s mental image of Pegasus is created by imagination. Map attributes on a map point can be elliptic or missing for an inner map in memory, due to oblivion or conscious mental operations on the inner map. For instance, one may forget the color of an object seen. Then, attributes representing colors are missing for the inner map in memory. 
Attributes in an inner map have weights assigned. Having higher weights means that the properties represented are highlighted in the mental image. An inner map can have a focus portion, consisting of points whose attributes have significantly higher weights than the rest. A focus portion may represent (a temporal section of) an object within the region represented by the entire inner map by highlighting it, with the rest points representing the background.3 A map can also have some focus property attributes, namely, property attributes with significantly higher weights than the rest. This highlights some sensory property in one’s perceptual image. For instance, in Section 3 we will see that one’s color concept RED may have an inner map representing a red object as a constituent. Map attributes in this inner map representing the red color of that object will be focus property attributes. 
Inner maps are supposed to be very complex. However, I will assume that human brains are equipped with the ability to analyze their own inner maps, to recognize their parts, attributes, and weights, and to operate on them. I will not try to explore details here, but I will assume that this general ability exists among biologically normal humans and is consistent among them.
2.2 Semantic Mappings of Map Attributes

Now, consider how map attributes represent properties of external things. A sensory property attribute is semantically mapped to a physical property that is the actual cause of the neural state realizing the attribute. For instance, a photon of some wavelength hits a retina and causes some type of neurons to be in some state co-varying with the photon’s wavelength. These neural states then realize the sensory property attributes representing colors. Note that a sensory property attribute represents a property, but not a property of a definite external entity. There is indeterminacy here, due to multiple links in a causal chain. For instance, it is indeterminate if the neural state above represents the color of some surface that reflects the photon, or the color of some light bulb that initially emits the photon. This indeterminacy will be resolved later. The idea is that a single sensory property attribute may have such indeterminacy, but indeterminacy will cancel out when multiple attributes in an inner map work together to determine the represented.
The representation relation between a map attribute and a physical property is sustained by human psychophysical regularity in interacting with external stimuli among biologically normal humans. It is stable, rigid, and not changeable by conscious mental operations such as learning, wishes, and social conventions and so on. It is a hardwired causal connection for biologically normal humans. Therefore, semantic misrepresentations do not occur for a single sensory attribute for biologically normal humans. That is, the semantic norm coincides with the biological norm for a sensory property attribute. Recall that the biological normativity is already a naturalized normativity. This is thus a naturalistic characterization of the content of a sensory property attribute. This is a teleosemantic characterization, but our idea is that semantic misrepresentations do occur for composite inner representations even for biologically normal humans under biologically normal environments. 
An absolute spatial attribute is mapped to a spatial location relative to the map’s hosting body. I will assume that there is a human mental mechanism that translates such an attribute (realized as neural states) into human motor responses accessing the spatial location, such as the eyes’ focusing on the location, or the hands’ stretching out and reaching the location. This determines the represented location relative to the body hosting the attribute. Similarly, relational spatial attributes are mapped to the external by a human mental mechanism that translates them into motor actions tracing the spatial relations by hands, eyes and so on. 
There are some evidences from cognitive sciences supporting postulating such mental mechanisms. Some psychological experiments discover that when a frog is observing an object, the information about the spatial location of the object and the information about other properties of it are transmitted through different neural pathways from eyes to cortexes. Moreover, the neurons processing the location information primarily affect the neurons controlling motor actions, for the frog’s eyes to focus on the location, or for its legs to jump and for its tongue tip to stretch out and reach the location. See Hurford (2003) and the literatures cited there. These seem to indicate that the information about location and other properties is represented separately and there is a mechanism for transforming the neurons encoding information about a location into the controls on muscles and motor actions, for focusing on or reaching the location. Therefore, it is perhaps reasonable to assume that (for humans as well) such neurons realize absolute spatial attributes and the mechanism interprets these attributes into external locations through its controls on the bodies’ motor actions. Moreover, some psychological experiments indicate that our brain activities in imagining motor actions are very similar to our brain activities in actually performing those actions. See Feldman and Narayanan (2003) and the literatures cited there. This can be interpreted as meaning that neurons involved in those brain activities, and hence the spatial attributes they realize, are mapped to external spatial locations even if one does not actually perform those motor actions. Then, this interpretation also allows extending the mappings to locations beyond the scope of our immediate motor access, for instance, to locations a little far away or underground. (Note that longer distances are usually represented by composite concepts (e.g., 17-STEPS). They are not considered at this point.)
Here, I must emphasize that postulating brain mechanisms for interpreting attributes into motor actions this way does not presuppose intentionality or the semantic norm. Only some natural regularity on how some neural circuitries control muscles for a biologically normal human adult is postulated. This natural regularity then defines the represented location as the location accessed by the controlled motor actions. If a neural circuitry triggers some particular eye muscles for the eyes to focus on a location most of the time for a person, it simply defines the represented location (relative to the person’s body). There is no possibility of semantic misrepresentation here and there is no semantic normativity presupposed. There are only statistical deviations, that is, occasional eye muscle malfunctions relative to how it functions most of the time, which is not a semantic misrepresentation. In other words, the semantic norm coincides with the biological norm here for a single, most primitive inner representation again.
Moreover, these mechanisms are also hardwired for human adults, after their neural circuitries are mature. These mechanisms are certainly developed in human brains in their developmental stages, but the point here is that some existent neural and physiological regularity on a biologically normal human defines how a neural state represents a spatial location, no matter how it was developed. Furthermore, such semantic mappings will be determinate, unlike the mappings for sensory property attributes, because a location reached by the hand, or a location as the two eyes’ focus point, is determinate (relative to one’s body). There is no indeterminacy due to multiple links in causal chains.
I will assume that, in a similar manner, absolute temporal attributes are mapped to the temporal distances of external event episodes relative to now, the moment of interpretation, and relative temporal attributes are mapped to relative temporal orders between external event episodes. This is also determined by some mental mechanism for sequencing the observed events in memory following their real temporal orders. (Note that, similarly, long temporal distances are usually represented by composite concepts, e.g., 7-DAYS.)
If a spatiotemporal attribute is elliptic, it is mapped to some indeterminate location within some (possibly vague) spatiotemporal range determined by the elliptic attribute. For instance, one may forget the exact location accessed by the hand a moment ago but still vaguely remember it. In that case, there will be an elliptic attribute kept in memory, mapped indeterminately to any location within that vague range remembered.
Finally, note that the semantic mapping of an attribute depends on the environmental context for doing the mapping, that is, when and where the map’s hosting body is situated when doing the mapping. An absolute spatiotemporal attribute is mapped relative to the body. Therefore, the mapped location depends on the context of mapping. Similarly, the spatial relation between two small regions will look different from different distances and angles. How the context should be determined for mapping attributes in an inner map in memory will be discussed below.
2.3 Semantic Mappings of Inner Maps

An inner map represents a spatiotemporal region, if the points of the map can be mapped successfully to the perceptually minimum parts of that region so that the following four conditions are satisfied. (1) The sensory property attributes of a point are successfully mapped to the properties of the corresponding perceptually minimum part. (2) The relational spatiotemporal attributes between points are successfully mapped to the spatiotemporal relations between the corresponding parts. (3) The absolute spatiotemporal attributes of points are successfully mapped to the spatiotemporal locations of the corresponding parts (relative to the map host’s body), and if an absolute spatiotemporal attribute is elliptic, any one of the indeterminate locations within the vague range determined by the elliptic attribute can be chosen. (4) Mapping is successful for the entire map if attributes with some sufficient total weight are mapped successfully. Since focus portions and focus attributes have relatively higher weights, the success of mapping is mostly determined by the mappings of focus portions and attributes. Intuitively, this means that the highlighted portions of one’s perceptual mental image (as an inner map) predominantly determine if the mapping will be successful. 

Moreover, the context for attribute mapping is as follows. First, inner maps are classified into autobiographical or non-autobiographical inner maps, depending on if they contain a portion representing the map’s hosting body (namely, a portion with absolute spatial attributes representing zero distance relative to the body). (1) For a non-autobiographical inner map, the context for mapping attributes is the actual context of the candidate spatial-temporal region in the real world, and we hypothetically put the map’s hosting body in an appropriate place in that context toward the candidate region, so that the mappings of absolute spatial-temporal attributes can be successful as much as possible. (2) For an autobiographical inner map, the portion representing self must be mapped to one’s actual body at some moment in the past. If the inner map has absolute temporal attributes, that moment will be determined by those absolute temporal attributes relative to now, the moment of doing the mapping. If the inner map does not have absolute temporal attributes, then typically some other external constraints will determine a moment in the past. Then, the context for mapping attributes is one’s body’s actual environmental context at that moment in the past. See further explanations and examples below.  
First, remember that an inner map represents some spatiotemporal regions in the real world, which could be time-sections of objects. In particular, an inner map does not represent an external object as a self-subsistent entity, which is what a singular concept represents. However, we will loosely say that an inner map represents an object if it actually represents a time-section of the object. When an inner map has a focus portion, we also say that it represents an object if that focus portion represents a time-section of the object, since the success of mapping of that focus portion will determine the success of mapping for the entire inner map.
Second, an autobiographical inner map is a piece of one’s autobiographical memory. Typically, an autobiographical inner map represents a unique (time-section of a) physical object that one actually encountered before, where the object is highlighted in the inner map, with the entire inner map representing the whole episode of experience of encountering that object. For instance, suppose that Sally saw a tiger in a zoo on July 4, 2006. The memory of that experience with the tiger seen highlighted is an autobiographical inner map representing that tiger instance. This is realized by the rule of semantic mapping for autobiographical inner maps as follows. First, typically, when considering if an autobiographical inner map represents a candidate episode of experience, there is a conceptualized inner representation (e.g. ‘on July 4, 2006’) constraining when that episode occurred. How this happens will be explained in the next section. Here I will assume that a temporal moment in the past has been determined by some extra conditions. (In such cases, the inner map itself typically does not have any absolute temporal attributes.) Then, the actual spatial location and environmental context of Sally’s body at that moment is determined. This is then the context for mapping the sensory property attributes, absolute spatial attributes, and relational spatiotemporal attributes in Sally’s inner map. If the mappings are successful, the autobiographical inner map represents that episode of experience and the highlighted object in it. More specifically, a portion in the inner map will represent Sally’s actual body at that moment because it has absolute spatial attributes representing zero distance relative to the map’s hosting body (i.e. Sally’s body). Other points in the inner map then also represent fixed spatiotemporal locations in the real world, because absolute spatial attributes on those points determine the represented spatial locations relative to Sally’s actual body at that moment in the world. Therefore, if successful, the inner map will represent a unique time-section of an object in that episode of Sally’s experience. If the mapping is not successful, then this is a piece of false autobiographical memory.
On the other side, as an example, I can construct an inner map representing G. W. Bush based on watching TV. That is, I can consciously erase from my memory the mental image of the TV set and myself watching the TV, and retain only an image of G. W. Bush himself. The inner map still represents G. W. Bush in some context, which is actually G. W. Bush and the TV photographer’s context. This will be a non-autobiographical inner map. The context for mapping the attributes in the inner map to determine if it represents a candidate entity will be that photographer’s context. In other words, we hypothetically put the subject hosting the map (i.e. me) in an appropriate context and then examine if the inner map ‘looks like’ the candidate entity seen from that context. Thus, a non-autobiographical inner map is closer to what we traditionally call ‘perceptual mental images’. It represents anything that ‘looks like it’ in an appropriate context, not limited to one’s actual experiences. 

Note that when one first observes something, the resulted inner map is likely an autobiographical inner map. However, if one’s own activities are insignificant in that episode of life experience, they may fade away in memory, and the inner map may metamorphose into a non-autobiographical inner map, representing only the (4-dimensional) appearance of the object from some perspective. This distinction will be critical for resolving some problems in determining the content of concepts. 
Third, relational spatiotemporal attributes in an inner map usually imply that the represented region/object must have some spatiotemporal shape. For instance, an inner map created after seeing some pictures of G. W. Bush can represent his 3-dimensional appearance. The relational spatiotemporal attributes in the inner map can determine the 3-dimensional spatial structure of the represented (determined by how the eyes or hands will trace the spatial structure). Humans have the ability and inclination to transform a flat picture seen into an inner map representing a 3-dimensional appearance. How that ability and inclination develops is a separate issue. Here, we are only concerned with the fact that if an inner map in memory has relational spatiotemporal attributes representing a 3-dimensional shape, then it does not represent 2-dimensional pictures. (One can certainly have other inner maps representing flat pictures.) Similarly, in most cases, the absolute spatial attributes in an inner map are mapped to locations out of one’s own body (e.g. in the G. W. Bush example). This means that the represented object cannot be one’s retina impression or proximal projection (of an external object), because a retina impression does not have the required 3-dimensional shape and is within one’s own body. Therefore, the proximity problem in theory of content is resolved (cf. Adams 2003, 1997).
Moreover, recall that the mappings of sensory property attributes can be indeterminate due to multiple links in a causal chain or multiple causes. This is resolved here as well. For instance, suppose that a point in my inner map has a sensory attribute representing the red color and an absolute spatial attribute representing the location ‘an arm away right front’. Then, the sensory attribute is mapped to the red color of whatever at ‘an arm away right front’, determined by the absolute spatial attribute, not to the red color of the source of the light beam, nor to my retina imprints caused by the light beam. It seems reasonable to assume that no two links in a causal chain and nor two different causes can reside at the same spatiotemporal location. Then, the determinate mappings of absolute spatiotemporal attributes resolve the indeterminacy.
Finally, this also means that misrepresentations can already occur for such simple inner maps hosted by a biologically normal human. If there is a mirror before me, unknown to me, my inner map described above may be caused by a red object in some other place, not ‘an arm away right front’. My absolute spatial attribute is still mapped to the location ‘an arm away right front’ by the neural-physiological regularity in my brain’s control of my motor action corresponding to that absolute spatial attribute. There is no sense to say that this single attribute misrepresents anything. The same applies to the sensory property attribute representing the red color. However, when these two attributes compose the inner map, there is a misrepresentation because what they individually represent do not match. Now, indeed, situations like this should not be biologically normal in human evolutional history. Otherwise, evolution would not have in the first place selected the neural-physiological regular connections between the neural state realizing the attribute and the resulted motor action determining the location ‘an arm away right front’. The point here is that such neural-physiological regularity seems to be hardwired in some early stage of evolution, and after that, such hardwired regularity and structural rules determine the semantic mappings of our inner maps. Then, for complex inner maps, misrepresentations can occur in biologically completely normal situations. For instance, I have an inner map created after watching a picture of G. W. Bush, representing a 3-dimensional appearance. A dim glimpse of an object far away from a single side may cause that inner map to be recalled, but it could be a misrepresentation for the object according to the structural semantic mapping rules described above. There is a temptation to resort to teleological notions to differentiate between true representations vs. misrepresentations even for such complex inner representations, but it seems that this will unavoidably fall into the trap of either circularity or indeterminacy. See Ye (2007b) for more discussions on this.  
3. Concepts and Their Content
This section will postulate conceptual structures and give the semantic mapping rules for some types of concepts. Note that concepts here are mental particulars in individual persons’ minds, not the Fregean concepts as public, abstract entities. 
3.1 Structures of Concepts

Combining the summary feature list theory and the exemplar theory of concepts in cognitive psychology (Murphy 2002; Laurence and Margolis 1999), I will assume that some concepts, including most lexical concepts such as WATER, consist of a (possibly empty) list of weighted summary features and a (possibly empty) collection of weighted exemplars. There is also a weight on the exemplar collection as a whole. Each summary feature is again a (possibly composite) concept representing some feature of the things represented by the concept. They are not limited to perceptual features. They can be any descriptions of the things represented, including their functional features or internal structures. We will see that such inclusion relations between concepts need not cause vicious circularity in determining content. Exemplars are typically (but not limited to) one’s memories of some concrete instances to which one applied the concept before in learning or using the concept. Note that ‘exemplars’ here means mental particulars as constituents of concepts, not the external object instances represented. (I will call the latter ‘exemplar instances’.) Integrating the idea of inner maps, I will assume that each exemplar consists of an inner map (which is typically a perceptual mental image of the corresponding exemplar instance) and a list of weighted summary features (again). A concept in the summary feature list and exemplar collection format will be called a ‘basic concept’. Therefore, a basic concept has a structure like 
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where fi is a summary feature at the concept level, and fj,k is a summary feature of the jth exemplar, and Mj is the inner map for the jth exemplar. 
Part of the reason for having a summary feature list in an exemplar again is that the perceptual information about an object instance encountered is perhaps first remembered in the inner map (i.e. perceptual image) format, and then part of the information may metamorphose into summary features expressed by linguistic expressions (i.e. conceptualized), due to unconscious memory processes or intentional mental operations. Here is an example. When seeing a tiger for the first time, Sally created a concept representing tigers. The concept contained an exemplar consisted entirely of an autobiographical inner map representing that tiger instance seen. Then, the absolute temporal attributes in the inner map were soon forgotten, but Sally remembered that the tiger was seen ‘on July 4, 2006’. Therefore, the exemplar now has the summary feature ‘on July 4, 2006’, together with an inner map without absolute temporal attributes. The summary feature constrains when that episode of experience represented by the autobiographical inner map occurred. Recall the discussions on semantic mappings of autobiographical inner maps in the last section. This is how a temporal moment in the past is typically fixed for mapping an autobiographical inner map. Note that ‘on July 4, 2006’ expresses a (composite) concept, whose semantic mapping is determined by the semantic mapping rules for concepts again.4 Suppose that Sally further forgets the environmental context of seeing that tiger, but remembers the appearance of that tiger and remembers that it was in the Bronx Zoo. Then, the inner map will further metamorphose into a non-autobiographical inner map, containing only information about the appearance of that tiger, and the exemplar then has the summary feature ‘on July 4, 2006 and in the Bronx Zoo’, which still constrains when and where that tiger instance was.

Since a summary feature is again a (possibly complex) concept, upon final analysis, a concept is eventually a composition of inner maps. Some very simple concepts, especially concepts representing sensory properties, may contain no summary features. For instance, one’s concept RED may exclusively consist of an exemplar with an inner map representing something red with the color attributes highlighted. However, in general, the structure of a basic concept can encode very complex information. 
Note that exemplars in one’s concept include one’s all memories of object instances that one encountered before, not limited to the most typical instances. Therefore, this is not the so-called ‘stereotype theory’ mentioned by Fodor and Lepore (2002). One’s memory about a typical instance may be more vivid. This fact can be modeled by assigning a higher weight to that exemplar. This is critical for answering some of Fodor and Lepore’s objections to postulating conceptual structures. See Ye (2007a) for more discussions on this.
I will assume that any concept, not limited to basic concepts, can have some meta-attributes encoding information about the concept itself, not the things represented. These can include links to its super-ordinate concepts, links to the concepts representing linguistic expressions (as external entities) expressing the concept, and indicators indicating the types of the concept according to some classification schemes. For determining content, concepts are classified into the following types (to be explained later). First, there are singular and general concepts; then, the latter is classified into essentialist concepts, functionalist concepts, perceptual appearance concepts, and some mixtures of these types, and finally, across these types, there are deferring and non-deferring concepts. These classifications are not exhaustive, but the idea is that the type of a concept affects weight distributions on its features and exemplars and decides its semantic mapping rules. There may not be a uniform semantic mapping rule for all types of concepts (as some theories seem to imply). 
Here I must note that postulating such conceptual classification meta-attributes does not compromise the theory as a naturalistic theory. It hypothesizes something about the structure of concepts but not about the representation relation. It is supported by some facts observed by psychologists in studying concepts. That is, people treat different types of concepts differently when applying concepts in their classification tasks. For instance, they treat some as essentialist concepts, namely, concepts representing things according to some hypothetical hidden essence. Postulating such meta-attributes explains these behavior patterns. Moreover, it does not compromise the generality of the theory. The semantic rule for each type of concepts is still general. It is not like postulating an idiosyncratic content for each and every single concept, which is then not a general theory. It is a scientific classification of some entities studied, based on some postulated structural features of those entities, and supported by observational data.
Basic concepts can combine to form composite concepts. These include logical compositions such as NOT-DOG, FISH-OR-DOG RED-AND-CIRCULAR. Moreover, some lexical concepts may not be basic concepts. For instance, they may be the so-called family resemblance concepts, which can perhaps be modeled by a collection of basic concepts. I will consider only basic concepts in this paper. Some concept compositions are discussed in Ye (2007a). 
3.2 Semantic Mappings of Basic Concepts

An exemplar of a basic concept represents an object if the object has the features in the concept’s summary feature list and the features in the exemplar’s summary feature list, with some sufficient total weight, and the object (actually, a time-section of it) is represented by the exemplar’s inner map. Objects represented by a concept’s exemplars are the concept’s exemplar instances. Recall that a non-autobiographical inner map can represent any object that ‘looks like’ it. Therefore, an exemplar with a non-autobiographical inner map can potentially represent multiple exemplar instances. The exemplar’s summary features can add constraints on when and where those exemplar instances can be (e.g. ‘in the Bronx Zoo on July 4, 2006’). 
Then, an object is represented by a basic concept if the object and the concept satisfy the following weighted conditions:
(A) The object has the features in the concept’s summary feature list. 
(B) The object bears some relation (to be explained below), depending on the type of the concept, with the concept’s exemplar instances.
(C) The object is represented by the concept’s superordinate concept if any.
The condition (A) consists of multiple sub-conditions, each for a summary feature and with a weight. (B) is a single condition about if the object is similar in some way with those exemplar instances. Recall that the exemplar collection as a whole has a weight. Therefore, the condition (B) and each condition in (A) has a weight. We assume that the condition (C), if available, always has the highest weight. Having superordinate concepts implies that one has a background theory about the taxonomy of concepts, and it implies that one will conform to that background theory in classifying things by concepts. Therefore, the condition (C) reflects the so-called theory theory of concepts in cognitive psychology (Murphy 2002). Note that the weight distribution on these conditions is derived from the weight distribution for the components of a concept, and therefore it is determined by the concept’s structure. Then, an object is represented by the concept if the total weight on satisfied conditions in (A), (B) and (C) exceeds some threshold value. 
I will not discuss the details of how a total weight is accumulated. However, I must note here that the accumulation method is not the simple addition. See Murphy (2002) for some models for computing total weights proposed by psychologists. I will assume that an acceptable model for the purpose here will satisfy the following requirements: (1) The satisfaction of a condition contributes a positive amount to the total weight and a condition with a higher weight contributes more. (2) The dissatisfaction of a condition contributes a negative value to the total weight and a condition with a higher weight contributes a negative value with a larger absolute value. (3) The satisfaction of a condition cannot counterbalance the dissatisfaction of another condition with the same weight, that is, if the satisfaction of a condition contributes the positive amount w, then its dissatisfaction will contribute a negative amount much less than (w. 
These requirements imply that if a summary feature has a maximum weight, then it becomes a necessary summary feature for the concept. That is, everything represented by the concept must have that feature, because its dissatisfaction cannot be counterbalanced by any satisfactions of other conditions. It also means that we countenance analyticity due to the definitive structure of a concept. See Ye (2007a) for an answer to the Quinean and Fodorian objections regarding this.
I will assume that a lexical concept in one’s mind always has some naming features, such as ‘called “carburetor” by people in my language community’. Such a feature directly refers to the semantic relation (i.e. ‘called’). When this naming feature has the maximum weight, one defers to other people for determining the concept’s content. This will be called a deferring concept. Concepts expressed by proper names are frequently deferring concepts, especially when one gets the name from others. The same occurs when one gets a common noun from others with little knowledge of what it means. However, some people’s concepts expressed by the same lexical item must be non-deferring concepts. Otherwise, all their concepts expressed by that lexical item will be vacuous. I will consider only non-deferring concepts in this paper. 
Note that there may not be a clear borderline between deferring and non-deferring concepts. That is, the naming feature may have a significant but not the maximum weight. Describing how deferring or partially deferring concepts are hooked to their content will involve the social dimension of content determination. A lexical item such as “carburetor” expresses different concepts in different brains in a community. Ye (2007a) argues that each individual concept in a brain has its own individual (broad) content. Then, to determine what are ‘called “carburetor” by people’ one must characterize a common class of entities out of the individual content of those concepts expressed by “carburetor” in all brains. This may require mathematical techniques such as statistics, game theory and so on, in order to characterize what is common among various slightly different things. It is out of the scope of our current research, but it seems that describing such social phenomena should be based on the content determination for a non-deferring concept in an individual brain, which will be our focus in this paper. See Ye (2007a) for more on this topic. 

Then, the big issue left is how the type of a concept determines the relation in condition (B) above and how it influences the weight distribution on the concept’s features and the exemplar collection. I will explain this for essentialist concepts in some detail and will only illustrate it for other types of basic concepts. 
Essentialist concepts include natural kind or substance concepts and their superordinate concepts (e.g. WATER, DOG, MAMMAL, and ANIMAL). Intuitively, the content of such a concept should consist of anything with the same internal structure as the concept’s exemplar instances. Then, the relation in the condition (B) above will be ‘sharing the same internal structure as’. For instance, Sally’s concept TIGER formed after seeing that tiger instance represents anything with the same internal structure as that exemplar instance represented by the exemplar as a constituent of her concept TIGER. That is, conceptual exemplars first determine some concrete object instances (i.e. exemplar instances), based on the semantic mapping rules for inner maps. Then, the objective internal structures of external things extend the content of an essentialist concept to other entities. We have to determine one (or multiple) internal structure(s) from a concept’s exemplar instances. Then, the content of the concept consists of anything sharing that (or one of those) internal structure(s). 
However, there are several subtle issues. First, internal structures have a hierarchy: there is a common internal structure for all dogs and another for all animals. Given the exemplar instances for one’s concept ANIMAL, how do we determine the right internal structure as the one common to all animals, not the one common to all dogs, or all living things? Second, we know that jade comes with two different molecule structures in nature, nephrite and jadeite (Putnam 1975). Here we assume that nephrite and jadeite do not share a common internal structure that is not also shared by all minerals, the next higher-level category. How can we fix the content of one’s concept JADE to include just nephrite and jadeite, and no other minerals, but fix the content of one’s concept ANIMAL to include all animals even if one’s exemplar instances for ANIMAL happen to contain only dogs, fish, and birds? Third, one may accidentally misidentify a robot cat as an animal and remember it as an exemplar of one’s concept ANIMAL. How do we allow such exceptions without affecting the content of one’s concept ANIMAL?  
We need some details in the semantic rule in order to resolve these issues. Readers not interested in such details can skip this and the next two paragraphs and just take the relation in the condition (B) to be ‘sharing the same internal structure as’. Fist, I will assume that there is always a natural, most specific common internal structure shared by a class of things. For example, given two dogs, their most specific common internal structure is the common internal structure of all dogs, not that of all animals, and given a dog and a butterfly, their most specific common internal structure might be the common internal structure of all animals, assuming that animal is the next level natural category above both dog and butterfly. Now, consider a subset of all exemplar instances of an essentialist concept with some total weight. The natural, most specific common internal structure shared by the exemplar instances in the subset will be called a shared internal structure for the concept with that weight. For instance, the common molecular structure of nephrite is a shared internal structure for one’s concept JADE, because it is the most specific structure shared by the subset of nephrite instances among all exemplar instances for JADE. However, note that the common internal structure for all minerals can also be a shared internal structure for one’s exemplar instances for JADE, since it can be the most specific internal structure shared by both nephrite and jadeite instances. Similarly, the common internal structure of dogs can be a shared internal structure for one’s concept ANIMAL, because it is the most specific common internal structure of the subset of dog instances among all exemplar instances for ANIMAL. On the other hand, the common internal structure for all living things is not a shared internal structure for ANIMAL, because it is not the most specific internal structure shared by all exemplar instances for ANIMAL (or by any subset of them). The common internal structure for all animals will be more specific. Therefore, this has ruled out some unwanted internal structures, but it is still not sufficient to fix the right internal structures for JADE, ANIMAL and so on.
Second, a shared internal structure X is called an essential internal structure for a concept if it satisfies the following three conditions: (1) If the concept has a superordinate concept, then X is not also an essential internal structure for the superordinate concept. (2) X’s weight is above a threshold value. (3) No other shared internal structure satisfying (1) has a weight significantly higher than X’s weight, that is, X has nearly the maximum weight among the shared internal structures satisfying the condition (1). 
These conditions imply that the common internal structure of all animals is likely the only essential internal structure for one’s concept ANIMAL. The common internal structure of dogs, for instance, is also a shared internal structure, but it should have a significantly lower weight, as long as the exemplar instances other than dogs have some significant weight. Therefore, the condition (3) above rules it out. On the other hand, the common internal structure of all living things has been ruled out as a shared internal structure, since it is usually not the most specific internal structure shared by animal instances. Note that this is true even if one’s concept ANIMAL has only a few exemplar instances (e.g. a dog, a gold fish, a parrot, a snake, and a butterfly), as long as the common internal structure of all animals is the most specific common internal structure shared by these exemplar instances.5 Moreover, this allows a few erroneous exemplar instances such as robot cats, as long as their total weight is insignificant. On the other side, the molecule structure of nephrite and that of jadeite are both essential internal structures for JADE, assuming that one has a superordinate concept for JADE, i.e. MINERAL, and assuming that the common internal structure shared by nephrite and jadeite is also shared by all minerals. Because, the internal structure shared by both nephrite and jadeite will then not satisfy the condition (1). Therefore, both the internal structure of nephrite and that of jadeite satisfy the condition (3). 
The category represented by an essentialist concept then consists of things having one of the essential internal structures for the concept. More specifically,
(Ess1) The relation for condition (B) is ‘the object has one of the essential internal structures for the concept as its internal structure’. 
(Ess2) The exemplar collection and the summary feature describing internal structure have the maximum weight. 
(Ess2) implies that even if there are no exemplars, in which case the condition (B) is vacuously satisfied, the internal structure still determines content, as long as there is a summary feature describing the internal structure. 
Note that if the exemplar inner maps in an essentialist concept are autobiographical, then the concept represents ‘anything that has the essential internal structure of such and such things that I actually encountered’. If the exemplar inner maps are non-autobiographical, then they can represent anything that ‘looks like them’, but the exemplars’ summary features can still constrain where and when the exemplar instances can be. In that case, the essentialist concept represents ‘anything that has the essential internal structure of those that look like what I remember and that are in so and so places at so and so moments’ This second type should be more common, because we want our concepts to have generality, not restricted by our personal accidental experiences. We share with our peers the ability to recognize the appearances of objects consistently, and we want the exemplar instances of an essentialist concept to include things with the same appearance that could have been encountered and taken as exemplar instances by our peers. We can do this by transforming our autobiographical inner maps into non-autobiographical ones and add temporal and location features to constrain exemplar instances. For instance, if my concept CAT has non-autobiographical inner maps in exemplars representing the appearances of some cats, then it represents ‘anything that has the essential internal structure of the things around with such and such looks’. This will hook my concept to cats even if the cats I personally encountered happen to be robot cats. (cf. Baker 1991; Fodor 1991) Because, my exemplar instances will include those encountered by my peers, as long as they have the same look as what I remembered.6 Moreover, exemplars can be constructed by reading, seeing pictures, or just by imagination. In that case, the exemplar inner maps must be non-autobiographical. If I learn CAT by seeing pictures, its content will be ‘anything that has the essential internal structure of the things around with so and so (3-dimensional) appearances’, which will include all real cats. 
Note that the concept is still an essentialist concept. Semantic mappings are divided into two steps here. First, some exemplar instances are determined by mapping the inner maps in conceptual exemplars; second, full content is determined by objectively sharing the same internal structure as those exemplar instances. The former can be based on appearance when the concept has non-autobiographical exemplar inner maps, but the latter is still determined by the internal structures of those entities. Objective internal structures of things can extend the content of an essentialist concept to things beyond our epistemic access.
Human subjects are usually not able to know the internal structures of things, but if they do discover that silicon chips are under the appearance of a cat, their internal mental mechanism will not apply their concept CAT to it. This theory postulates something in human subjects’ brains associated with the concept CAT, a meta-attribute indicating it as an essentialist concept, to identify the representation relation for the concept and explain human behavior patterns involving it. It claims that whenever that attribute appears on a concept, the relation between the concept and external things characterized by the semantic mapping rules above is the representation relation. It is a separate issue to explain how that attribute and the related human mental mechanisms and behavior patterns originated. Presumably, it will be an evolutional explanation. It will probably refer to the fact that internal structures do determine the appearances and functions of external things in nature in most cases, and therefore such an indicator on concepts and the related mental mechanisms are selected for their biological advantages. However, these are explanations of the origins of some mental architecture. Here, we are only concerned with how to postulate that architecture in order to identify that semantic representation relation in naturalistic terms. 
The semantic mapping rules for other types of concepts can be similarly explored, but due to space limit, I can only briefly touch upon them here. Perceptual appearance concepts (e.g. RED) classify things by their perceptual appearance. The required connection between the content candidates and the exemplar instances in the condition (B) above will be ‘sharing the same appearance on aspects illuminated by the highlighted inner map attributes’. Therefore, my concept RED consists of an exemplar inner map representing a red object with attributes representing colors highlighted. An object belongs to its content if it shares the same color property as my exemplar instance. For a perceptual appearance concept, the exemplar collection has the maximum weight, and summary features describing appearances have high weights as well. 
A singular concept such as HESPERUS represents a single individual object. Note that singular concepts expressed by proper names are frequently deferring concepts. We consider non-deferring singular concepts only here. The relation in condition (B) for singular concepts is ‘having the exemplar instances as its time-sections’. For instance, my concept HESPERUS has an exemplar with an autobiographical inner map representing my own experiences of seeing that bright, starry entity up on the sky, and perhaps with the exemplar summary feature ‘at dusk’ to constrain when those experiences occurred. The exemplar represents time-sections of an object during those temporal periods ‘at dusk’. Then, the concept represents the object with those time-sections. The object turns out to have the time-sections represented by my exemplar inner map in my concept PHOSPHERUS as well. Objective space-time continuity can extend the content of a singular concept beyond the scope of our knowledge or even our epistemic access, similar to essentialist concepts. For singular concepts, exemplars with autobiographical inner maps, if any, have the maximum weight. This belongs to the case where one forms the concept by actually encountering the represented object. Otherwise, it belongs to the cases where one introduces a proper name by descriptions, namely, summary features or/and exemplars with non-autobiographical inner maps representing perceptual appearances. Then, its content is the unique object having those summary features and represented by those inner maps (with a sufficient total weight). 
A typical functionalist concept has a summary feature describing the function of the things represented, and this functional feature will have the maximum weight. For instance, my concept CHAIR has the feature ‘can be used to sit on rather comfortably’. Note that a functional feature typically refers to human behavior characteristics and patterns toward an object. It does not embody intentionality again. However, sometimes we do not have a clear and definite functional feature for a functionalist concept. This typically happens for a super-ordinate concept of some ‘basic level’ functionalist concepts, e.g. FURNITURE (cf. Murphy 2002). In that case, we typically have some exemplars representing instances belonging to various basic level sub-categories (i.e. chairs, tables, etc.) and have a possibly a little vague functional summary feature, e.g. ‘can be used in everyday life’, together with other features. Then, the relation in the condition (B) above will be ‘used or treated by people in a similar way as’, and the weight distribution among the exemplar collection, the functional feature and other features will be relatively even. 
Finally, note that inner maps and concepts belong to different levels in this hierarchy of inner representations. A concept can include other concepts in its conceptual or exemplar summary features. Therefore, concepts form an interconnected web and circular inter-references may occur for concepts. Circularity does not always prevent the determination of content. For instance, suppose that the concept A has the concept B as a summary feature with a high weight, and the concept B has the concept A as a summary feature with a low weight. Then, the content of A will depend on the content of B, but the content of B may not depend on the content of A. On the other side, an inner map does not reference other inner maps or concepts. There is no circularity for inner maps. Inner maps are the final anchors for fixing content. 
Actually, autobiographical inner maps are the final links connecting inner representations with external things. For instance, suppose that my concept WATER has a non-autobiographical exemplar inner map representing some watery samples, but the exemplar has a summary feature ‘nearby’ constraining the locations of exemplar instances. Now, ‘nearby’ is actually a location concept with an autobiographical exemplar inner map. It has a portion representing my own body and has some absolute spatial attributes representing a vague region around my body. This then restricts the exemplar instances of my concept WATER to watery samples on the Earth (i.e. H2O) and excludes XYZ. This will resolve the Twin-Earth problem. Autobiographical exemplar inner maps like this finally connect my inner states with things in my actual environments.
There are still many details to be worked out. For instance, how exactly are weights distributed between summary features and exemplars, and what exactly is the weight accumulation model? Moreover, there are other types of concepts (e.g. logical concepts, quantitative concepts, and measurement concepts), and there may be mixtures of concept types. Much more work is needed in order to get a realistic theory of content for concepts. Nevertheless, what is presented here might have provided a workable framework.
4. Resolving the Problems
Recall that several indeterminacy problems have being resolved. I will here discuss the vacuity problem, the Fregean problem, the Twin-Earth problem, the problem of conceptual changes, the Swampman problem, and the problem of disjunctive content, in that order. 
Vacuous concepts are treated uniformly like other concepts in this theory. One’s concept UNICORN can have summary features and exemplar inner maps constructed from reading or by imagination. My concept UNICORN differs from my concept CENTAUR in having different summary features and exemplars. They are vacuous only because it turns out that nothing in the world matches those summary features and that those exemplars do not represent any exemplar instances in the real world. 
Next, consider the Fregean problem. The connection between words, concepts, and things represented by concepts through an individual brain is shown below:

tokens of the word ‘dog’ ( [dog] ( DOG ( dogs

Here, [dog] denotes a concept in a person’s brain representing tokens of the word ‘dog’. It may contain exemplar inner maps representing tokens of ‘dog’ in various fonts remembered by the person. This is a perceptual appearance concept representing anything with the same appearance as those exemplar instances. DOG is a concept representing dogs. ( means the representation relation between concepts and their broad content, and ( means an internal (neural) link between two concepts in a brain, from a concept to its naming concept. The concept [dog] is called an internal name for the concept DOG.
Now, for a competent English speaker, perhaps two concepts [attorney] and [lawyer] are internal names of the same concept X representing that group of people (i.e. attorneys and lawyers). In that case, the sentence ‘attorneys are lawyers’ is not cognitively significant, since it actually expresses the thought <X ARE X> equating a concept with itself. On the other side, one’s concept PHOSPHORUS typically contains an exemplar with the summary feature ‘appearing in the morning’ and an inner map representing a time-section of the planet. HESPERUS is similar but with a different exemplar summary feature and a different inner map representing another time-section of the planet. Then, the sentence ‘Phosphorus is Hesperus’ equates the content of two different concepts and is cognitively significant. Note that they are singular concepts representing the same object, because the time-sections represented by the exemplars in the two concepts are time-sections of that same object.
The case of ‘Tully is Cicero’ is a little more subtle. In some people’s brains, [Tully] and [Cicero] are internal names of the same singular concept representing that person. Then, ‘Tully is Cicero’ is not cognitively informative for those people. However, we do not consider this knowledge as linguistic knowledge. Therefore, we agree that in some competent speakers’ minds, [Tully] and [Cicero] are internal names of two different singular concepts. For instance, they might hear of the names ‘Tully’ and ‘Cicero’ on different occasions. These concepts actually have different naming features, namely, ‘called “Tully” by people in my community’ vs. ‘called “Cicero” by people in my community’. Then, ‘Tully is Cicero’ expresses a thought equating two different concepts and is informative for those people. After one accepts ‘Tully is Cicero’, one may merge these two singular concepts into one singular concept with both [Tully] and [Cicero] as its naming concepts. This includes merging the conceptual summary features and exemplars that one learned separately for TULLY and CICERO. For instance, the naming feature may become ‘called “Tully” or “Cicero” by people in my community’. After that, ‘Tully is Cicero’ is not informative for that person anymore. I emphasize answering the Fregean question for individual persons here. Ye (2007a) argues that the alleged ‘public meaning’ of a word is better modeled by a collection of concepts in individual brains associated with the word, and it argues that assuming a unique ‘public concept’ expressed by a word is the source of many confusions about concepts and meaning, including the groundless doubts about analyticity. Moreover, saying that PHOSPHORUS and HESPERUS are different concepts assumes concept individuation. Ye (2007a) also explains how to account for concept individuation in my theory.
Now, consider the Twin-Earth problem. There are three types of exemplars for Sally’s essentialist concept C (for water). Type 1 exemplars have autobiographical inner maps. Type 2 exemplars have non-autobiographical inner maps, but have features constraining where and when the represented exemplar instances can be. Type 3 exemplars have non-autobiographical inner maps with no features for constraining exemplar instances. When Sally lives on the Earth, her type 1 exemplars represent the H2O instances only, because autobiographical inner maps are tied to her body on the Earth. Her type 2 exemplars also represent the H2O instances as long as the features on those exemplars are specific enough to constrain exemplar instances to places on the earth. This will be the case if the features refer to places relative to Sally herself (e.g. ‘around me’), or refer to places using proper names. In the latter case, Sally’s language community (on the Earth) determines the named places. Therefore, unless Sally’s exemplars are mostly type 3 (which seem improbable), her concept C represents H2O only. Now, suppose that Sally and Twin-Sally on the Twin-Earth are exchanged in sleep and Sally wakes up on the Twin-Earth. Her type 1 exemplars still represent the H2O instances on the Earth, because autobiographical inner maps represent Sally’s actual experiences in the past and are interpreted relative to Sally’s actual body in the past. Her type 2 exemplars with spatiotemporal location features referring to Sally herself in the past, e.g. ‘in the kitchen nearby yesterday’, still represent the H2O instances on the Earth. ‘Nearby yesterday’ is essentially an autobiographical inner map and is mapped relative to Sally’s actual body yesterday. Suppose that a type 2 exemplar has a location feature referring to places using proper names (e.g. ‘in Hudson River’). Then, the proper names are still mapped to places on the Earth as long as the same reason here applies to the concepts expressed by those proper names. It seems reasonable to assume that most of Sally’s type 2 exemplars are such cases since Sally just came to the Twin-Earth. Then, Sally’s concept C still represents H2O as long as her exemplars are not mostly type 3. 
This solution starts from interpreting one’s inner states, especially, autobiographical inner maps, to reach things in one’s actual environment and history, in order to fix content relative to one’s actual history and environment. It can thus accommodate the intuition behind the causal-history theories of content. However, there is a subtle difference. For instance, suppose that Jane saw an animal X in the Bronx Zoo in her sixth birthday and formed a concept N. Suppose that Jane now still remembers the appearance of that animal but completely forgets when it was seen and she is not even sure if it was seen personally in visiting a Zoo or it was seen from some pictures. Suppose further that for some reason her memory now remembers N as some animal ‘in the Washington Zoo’. Then, intuitively, her concept N should now represent ‘animals of the same kind as those animals with so and so appearance in the Washington Zoo’. In other words, if her memory now does not tie N to her own actual experience in the past, her actual experience of encountering X in the Bronx Zoo is not relevant for determining the content of N, even if N was initially caused by X. Actual causal events are relevant for fixing content only if interpreting conceptual features or exemplars in memories by semantic mapping rules will reach them. We can choose to represent by a concept either whatever that actually caused a piece of our memory, or whatever that matches our descriptions. Our choices are encoded as conceptual features and exemplars, especially, according to if the exemplar inner maps are autobiographical, or if the summary features refer to one’s own actual experiences in the past. Historical events are not just constitutive of content by themselves. We do not want a theory that assigns some broad content to our concept different from what we ‘clearly want to mean’ by the concept, because of some factual historical events happened to our concept tokens in the past but left no traces in our memory. The job of naturalizing content is exactly to characterize this intuitive ‘clearly want to mean’ relation in naturalistic and non-intentional terms. Our intuition is that Jane does not want to mean X in the Bronx Zoo by her concept N now. A theory claiming that X in the Bronx Zoo is the real content misses the point. That relation between N and X in the Bronx Zoo exists as a matter of fact, but such a theory has not yet characterized what Jane wants to mean now in naturalistic terms. This is what naturalizing content really needs to do, and it requires a more subtle distinction in the structure of a concept (i.e. autobiographical vs. non-autobiographical), in order to explain how our inner states express what we ‘want to mean’. 
Now, suppose that Sally lives on the Twin-Earth for the rest of her life. It does not make sense to insist that Sally is making mistakes all her life in classifying the watery stuff on the Twin-Earth. This theory provides a natural explanation for how the content of Sally’s concept C shifts as Sally lives on the Twin-Earth. When classifying the watery stuff on the Twin-Earth, Sally recruits them as new exemplars of her concept C. The same argument above now implies that these new exemplars represent XYZ on the Twin-Earth. It seems reasonable to assume that these newly recruited exemplars have comparatively higher weights. Then, Sally’s concept C will soon undergo a change and start to represent XYZ. Perhaps Sally is making mistakes unknown to herself at first, but making mistakes in applying a concept without correcting them also means revising her concept. Eventually, she is not making mistakes anymore. The same applies to the Sally example by Prinz (2002, p. 253). Here, Sally first saw an alligator and then mistakes crocodiles as alligators. When Sally applies her alligator-derived concept to crocodiles for the first time, she is making a mistake, but after she does so for a few times, her concept will undergo a change. Moreover, if Sally’s memory of the first alligator is very vivid and her later acts of classifying crocodiles are all casual, then her concept perhaps still represents alligators. This can be modeled by assigning a higher weight on the first vivid exemplar and much lower weights on later exemplars. On the other side, if Sally brings a crocodile home as a pet, then her concept should represent crocodiles very soon. This is also explainable by assuming that familiar exemplars have relatively higher weights. The critical thing here is to allow accumulative effects of one’s experiences. It seems that only this theory has the resources for doing that. 
Now, consider Swampman. Swampman has the same exemplars and features for his concept WATER in his brain as his doppelganger has. His type 1 (autobiographical) exemplars have no exemplar instances since they refer to Swampman’s own body in the past, which did not exist. That is, if his concept WATER represents ‘the kind of stuff that I drank last night’, then it represents nothing, because he did not exist last night. This is not essentially different from my concept representing ‘the city where I lived 99 years ago’ (and I completely misremember my age). His type 2 exemplars with features referring to his body in the past for constraining exemplar instances have the same problem. If Swampman’s WATER has exemplars not referring to his own body in the past, for instance, exemplars with non-biographical inner maps and features referring to places using proper names (e.g. ‘in the Hudson River’) for constraining the exemplar instance, then his WATER does represent water, assuming that ‘Hudson River’ expresses a deferring concept for him. Even if Swampman has no such exemplars, as soon as he classifies a sample of water and recruits it as a new exemplar, he has a right exemplar instance, and his concept starts to represent water. 
It seems that the puzzle regarding Swampman is due to confusing the historical events explaining the origin of something with what are constitutive of that thing. Consider two statements: (1) ‘Swampman is Mary’s ex-husband, because they once married and divorced’; (2) ‘Swampman recognizes Mary, because they met before and he remembers that’. History is indeed constitutive of the relation ‘X is Y’s ex-husband’, because the relation refers to some past events of marriage and divorce, and therefore the main assertion in (1) and its explanation in the ‘because’ clause are both false, since Swampman did not exist in the past. However, the past event referred to in (2) is only meant to be a normal explanation for the origin of some current mental state and behavior pattern, and the explanation is wrong here only because Swampman’s current inner states and behavior patterns are not results of past experiences. Similarly, the summary features and exemplars in Swampman’s concepts are not results of his experiences, and the normal explanations of their origins are literally false, but they have the same structures and can play the same kind of functions in his brain, and the same semantic mapping rules can apply to them. It is only that many of his autobiographical inner maps represent nothing according to the semantic mapping rules. On this respect, Swampman is not essentially different from someone who seriously misremembers his own age and who has massive literally false autobiographical memories. In fact, we can convince Swampman that he is a ‘swamp kind’ (by showing him videos of his creation). Then, he may revise his false memories appropriately but keep his conceptual structures. It means transforming his autobiographical inner maps into non-autobiographical ones and revising conceptual features to remove any references to his own past (and replace them by references to his doppelganger’s past if necessary). After that, his concepts will have the same structures and content as ours. 
Finally, consider disjunctive content. Note that even if all the jade samples that Sally actually encountered were jadeite, Sally’s type 2 and type 3 exemplars for JADE are likely to have both jadeite and nephrite exemplar instances, since non-autobiographical inner maps in those exemplars can represent anything ‘looking like them’ and the summary features on those exemplars do not constrain exemplar instances to what Sally actually encountered. That is, Sally’s exemplar instances may include all instances nearby that look like what Sally actually encountered. Then, this theory implies that Sally’s concept JADE represents both jadeite and nephrite, as long as her exemplars are not exclusively type 1. On the other side, suppose that Sally examines the internal structures of some mineral samples and she is aware that minerals around may be of different internal structures with the same appearance. Then, she can carefully remember those samples and her exemplars will have autobiographical inner maps, or have summary features specific enough to constrain exemplar instances to those that she actually examined. Then, she can form a concept that represents jadeite only, if those exemplar instances turn out to be all jadeite. It means that if we want, we can certainly form concepts with non-disjunctive content.
Notes
1 See Papineau (2001). The main reason is that we do not want to discriminate against Swampman morally or politically. We want to treat him like a decent human being, like our neighbors, and we feel that we have to admit that Swampman has love, desire, intention and so on, just as our neighbors have. Papineau suggests that Swampman has concepts with content but they belong to a different kind. However, the content of Swampman’s concepts can only be realized by his inner states independent of his history. Then, if that is possible at all, why can’t the same inner states realize content for other people?
2 This idea is inspired by researches in ‘embodied cognition’. See Wilson (2002), Lakoff and Johnson (1999).
3 This is the ‘profiling construal operation’ in cognitive linguistics (Croft and Cruse, 2004, p.46).
4 This will be rather complex, for it involves concepts such as YEAR, DAY, numeral concepts and so on, but they will eventually reduce to the semantic mappings for inner maps. For instance, one’s concept DAY (as a temporal period) perhaps consists of exemplars with autobiographical inner maps that are one’s autobiographical memories of that temporal period.
5 If not, then intuitively his concept ANIMAL does not in fact represent all animals, unless he treats it as a deferring concept or a non-essentialist concept. 

6 If all things with that look are robot cats, then perhaps my concept does represent robot cats. However, if my concept has a super-ordinate concept ANIMAL, then the condition (C) above may rule out those robot cats, as long as my concept ANIMAL represents animals. Now, if the same thing happens for my concept ANIMAL, that is, all things around with the look of a dog, or fish, or butterfly etc. are robots, then my concept ANIMAL does represent those robots. 
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