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Abstract

To learn a language, a child must make sense of a huge amount of incoming stimuli and correctly
apply labels to objects in their field of sensory input. To facilitate the parsing of the speech stream, the
child is thought to use specific prosodic and articulatory features; to facilitate the organization of objects
discerned in that aural stimuli, it is thought that the child uses semantic features—traits and attributes of
objects in our sensory environment that are salient to even the most naive language learner. Semantic
features—that is, discernible attributes of objects—allow us to group objects according to traits and trait
sets, and distinguish them according to disjoint trait sets. To facilitate investigations into word meaning
based on or containing a component feature-checking algorithm, a database of semantic features of
concrete objects, spatiality and time, called cogPrime, has been constructed (see Varden 2001 for details).

This paper discusses the relationship between ‘reality’, word meaning, and feature use, and reiterates
the position that an apparent overlap in articulatory, auditory and semantic feature organization and use
can tell us much about how we categorize sensory input. It also discusses an alternate way of eliciting

semantic features other than the use of printed natural language.

1 Introduction

One thing has become clear in the present investigation: the use of features (i.e.
salient attributes of objects) has a place in all aspects of cognition. One cannot discuss
feature use without making reference dategorization,the parsing and sorting of
incoming stimuli into various categories or classes (e.g. voiced vs. voiced segment;
object vs. background, animal vs. tool, etc.). It therefore seems worthwhile to bring
together some of the research conducted in the various disciplines with reference to the
nature of features, their organization and use, and their relation to categorization, with
an eye on future integration of the parts into a whole.

The organization of the paper is as follows. 82 makes several points about the
nature of the reality that we are categorizing by extracting features from and assigning
features to. 83 discusses the nature of word meaning as seen from various perspectives,

including the use of adjectives as feature assignors in the current line of research. 84



takes a look at various aspects of features, including their expression and their use,
while 85 presents an alternative to the use of natural language to elicit features
associated with object attributes. Finally, 86 summarizes the main points of the paper.

2 On perceiving ‘reality’
As a beginning, it seems useful to briefly review exactly what the context for a
discussion of features is. This section briefly reviews the most basic of all perceptual

activities involving features: categorization.

2.1Learning is processing and making judgments about ‘reality’

In order to learn to speak, a child must make sense of an enormous amount of input.
Not only are all of the operating senses inundated with wave after wave of sensory
stimuli, at a bare minimum the child must be able to discriminate the incoming aural
language input from the background, and determine which object(s) is being referred to
by the speaker to learn the correct labels for objects. Among the processes the child
must call into action are discrimination of sounds, categorization, segmentation,
attention to referenced items, mental representation and memory (Jusczyk 1992, 1994).

Much of learning about the world seems to involve constructing a ‘world’ in our
head (e.g. Jackendoff 1983; see Varden 2001 for an overview). This is supported by, in
addition to other things, the fact that incoming stimuli is in constant flux, particularly so
for visual data (e.g. Seung & Lee 2000). And yet we perceive non-moving objects as
stationary. Thus we constantly ignore sensory fluctuations and see what we ‘know’ is
true: stationary objects are constant and stationary, not constantly fluctuating.

The normal fluctuation of the incoming stimuli reflecting objects in our
environment does not adversely affect the most basic of processes utilizing that stimuli:
categorization, the assigning of incoming stimuli to a certain category or class for the
purposes of identification.

2.2 Categorization in language acquisition

Children apparently categorize the objects they are learning labels for as a means to
facilitate their learning. There appear to be 3 generalizations used by children in
learning the labels for 3 objects (i.e. in categorizing those new objects): the principle of

whole object assumptiomhereby a new word is assumed to refer to a whole object as



opposed to a part or substance; tir@nomic assumptionvhereby an object’s label is
extended to other object’s of the same category; anchtih@al exclusivity assumptipn
whereby each object will be assigned one and only one label (see Markman 1994 and
references therein). The whole object assumption would seem to guide children’s early
language acquisition; the others help them to acquire other necessary labels. These
distinctions are critical for helping the child break into their language’s semanti¢ code.

This happens very early in development. Landau (2000f)2®Bports that children
as young as two, as well as adults, crucially rely on shape in judging objects; older
children and adults will do so if simply naming objects, but can be more flexible in their
categorizations depending on the task at hand. Needham (1999; 2001) presents evidence
that infants as young as 4.5 mos. can individuate objects in their environment based on
features—they attend to shape much more than color and pattern to judge objects’
boundaries, and use attributes of objects to determine whether or not an object has
changed for moved, much in the same way that adults do.

Indeed, categorization is such a prevalent and basic activity that it has even been
suggested to be the source of words—that iconic and categorical representations
interacted to yield a third, the symbolic representations that are at the heart of human

language larnad 1996).

2.3Categorization is highly structured

However, we do not simply maintain a hodge-podge collection of mental objects
and relationships. Rosch (et al. 1976) provides solid evidence for the use of basic
categories in interpreting our environment. Based on English nouns, they identified four
attributes of members of the most inclusive categories: they have a significant number
of attributes in common, move and change in roughly the same way, have similar
shapes, and can be, at least roughly, identified by exemplars from their categories.

In addition to these basic categories, further divisions can be made due to the
linguistic experience and needs of the language learner. A good example is the abstract
food categories likesnacksthat people make use of (Ross & Murphy 1999); such
categories are dependent on individual experience, and yet become a dominant force in

! But see Mohanan 1992 for an alternative view of language as a self-developing system, not a

‘code-breaking’ activity.



the mature speakeRéhder & Ross 2001). Development of numeral classifiers systems
in various languages (e.g. Matsumoto 1993 for Japanese) point to experience-derived
classifications as well.

This experience evidently leads to a highly structured, rich system for classifying
objects according to incoming stimuli. (The flexibility of that system in the mature
speaker will be discussed in §4.7.)

2.4 Categorization is a higher-order function

Another point that bears stressing is that the use our brain makes of the auditory
features that strike our ears may be quite like the use it makes of the visual stimuli that
strikes our eyes, or the tactile information being presented to our fingers (and in the
case of infants, mouths). Each modality is, of course, quite different, and both the visual
and aural processing pathways are distinct. However, it has also been indicated that the
higher-order processing of stimuli (i.e. cognition) is independent of the lower-order
processing (i.e. perceptidn)n regard to aural stimuli, the cochlea in the inner ear
performs a basic Fourier analysis device for the initial identification of the pitch of the
sound; the neural impulses produced by this transformation are then presented (along
with other information) to the auditory nerve (Borden et al. 1994). This initial
processing is quite independent of whether or not later processing centers identify the
sound as speech or not (e.g. Gokcen & Fox 2001).

This independence of the higher-order processing extends to whether or not we pay
attention to what is plainly speech. Someone we love—or more so, someone we want to
love—triggers high attention; multiple voices in a crowded room or our parents
scolding us trigger low or non-existent attention. Likewise, the visual processing that
occurs at the low level (i.e. the neural response to the light striking the back of the eye)
is quite separate from the later identification of objects, movement, and categorization
of objects. No matter what the modality of the stimuli, it can be perceived by the senses
without the person being aware of the perception (for an overview of the relevant
research, see Merikle et al. 2001).

Thomas et al. (2001) provided good evidence that the neural cells involved in

2 Although perception and cognition do influence each other; see, e.g., Goldstone & Barsalou

(1998) for an overview.



categorizing objects (in their case, macague monkeys categorizing fish and trees) was
handled by cells that are not category specific; the categorization occurred over the sum
of the nerves involved as a higher-order function. Hinojosa et al. (2001) provide good
evidence that, although some differences in the neural activity can be seen, the same
areas of the brain handle the categorization of very different objects (animals and tools).

If this can be extended to other modalities, and higher-order functions are
responsible for both visual categorization and speech categorization, they both might
well involve the same general higher-order principles: in simplistic terms, something on
the order of ‘take these stimuli and sort them into groups’. If this is so, than the use our
brain makes of discerning attributes of our environment might to well to borrow the
mechanisms that afford phonology and phonetics much of their explanatory power,
specifically, underspecification of features, feature bundling and hierarchical
organization of attributes being attended to in the manner of Feature Geometry. This
has been done to some degree in the psychological research, even if the same labels
have not been applied (e.g. the category hierarchies in Schyns 1998; Lundqyvist et al.
1999; Ahn et al. 2000). Future research will surely benefit from a more extensive
comparison of the processing of the two—and all other—sensory modalities. This is in
line with verifying and validating an overall perceptual system such as that called for in
Kuhl (1987); perhaps the Adaptation-Level theory outlined in Wilson (1987), or the
connectionist models of Kruschke (1990, 1996); Kruschke & Johansen (1999); and
Kalish & Kruschke (2000).

This is not to say that incoming stimuli are simply assigned a label which persists
while higher-level processing occurs. Perception and cognition are more closely inter-
related than that.

2.5Categorization is closely tied to perception

The objects that we perceive are categorized not just by incoming perceptions, but
also according to our expectations. Oliva & Schyns (1997, 2000) and Schyns & Oliva
(1999) have shown that the range of features attended to when categorizing objects or
people is influenced by the features the subjects are attempting to categorize the objects
by: either rough details (low spatial frequency) or fine details (high spatial frequency)
can be used, depending on what is being judged. For instance, when judging where a



rapidly presented image on a screen is a beach or not, it appears that people use large
areas of color (‘blobs’) to make rapid, course judgments; in contrast, more attention is
paid to other, subtler details when finer-grained judgments are required. Similar results
were found by Goldstone & Styvers (2001) when using blended images of faces to vary
dimensions. Categorization of faces was improved when images shared either similar or
dissimilar features, evidently due to the more careful attention paid to images that
shared them. Rosenbaum et al. (2001) as well show indicates strong ties between
perceptual/motor skills and cognitive manipulation of the resulting stimuli. Studies such
as these speak to the close ties between perception of environmental stimuli and the
cognitive processes that become aware of the objects and processes producing those

stimuli (see also Pylyshyn 1999 and comments in that issue).

Before discussing features themselves, several background comments concerning

words and their use are in order.

3 On word meaning

This section makes several points about words and their use. Words are discussed in
terms of their labeling function, their componential nature, their organization, and their
effect on perception. In addition, the use of adjectives as reflections of attribute

assignment is discussed.

3.1Words are labels applied to mental constructs

It was noted in 82.1 that much of learning appears to be constructing some manner
of mental representation of our world. Taking this one step further, vocabulary
acquisition can be viewed as labels being attached to mental constructs of objects,
attributes or actions. More specifically, word learning and word use can be seen to be a
culturally-mediated application of labels assigned to entities in the world perceived
through our sensory input. This can be represented by the following figure:



physical properties of objects;
language input
|
<senses & sensory filters>
|

perception
(i.e. low-level awareness)

0

<filters due to cultural/linguistic
experience>

0

linguistic acquisition & use

Figure 1. A simplistic filter model of object feature labeling.

This reflects the reality of investigations such as the current one; while we can
measure attributes of physical objects (weight, length, luminescence, etc.) and would
like to be able to detail perception of physical properties of objects (e.g. the
manifestation of assigning a relatively long item the |&ed), we cannot directly do
so; until such a time as we can unravel the neurophysical manifestations of feature
perception in the brain’s circuitry, we must rely on indirect observations of brain
activity and language use. We may shoot for detailing perception; we must for the
present continue to settle for detailing and interpreting linguistic use.

The assignment of labels to concepts appears to be a universal characteristic of
language acquisition. Word acquisition occurs quite naturally even in cultures where
children are not spoken to directly or where objects are not named by adults (Bloom
2000: 7-9) and with blind children (Landau & Gleitman 1985). What it truly astounding
in the latter case is that blind children develop vocabularies very comparable to sighted
children of the same age learning the same language, including spatial and even color
terms (Landau 2000). In a striking example of blind children’s mastering of spatial
concepts, telling a sighted child to look up results in them tilting their head back to gaze
upward; telling a blind child to look up results in them reaching up with their hands
while leaving their head level (Landau & Gleitman 1985:56); touch is their primary
mode of “looking”. Further, both deaf and hearing children, whether being exposed to



only one mode of linguistic input or growing up in a mixed spoken/signed environment,
acquire all significant linguistic milestones at the same pace (Petitto 1984, 1987, 1988,
2001; Petitto &Varentettel991, Petitto et al. 2001).

The fact that all children, whether learning words via both modalities
simultaneously or via one modality only, do so readily speaks to cognitive principles
guiding vocabulary acquisition and use. This use occurs even when the stimuli being

monitored through one of the usual primary senses has been circumvented.

Having said that, attention will be turned to the nature of the labels that we apply to

the concepts reflecting objects in our environment.

3.2Word meaning contains a componential feature component

Words are not, of course, simply holistic labels applies to concepts. There seems to
be good evidence in favor of maintaining a feature-based component to word meaning.

Katz & Fodor’'s (1963) seminal paper on the componential structure of lexical
entries provided us with what has been termed the ‘checklist’ theory of word meaning.
That is, when labeling an object or concept, a check of the features of both the
object/concept is made against the features inherent in words; when a match is found,
the word can be applied. Besides lexical processes, this type of feature matching can be
applied to other levels in the same way (e.g. segmental feature matching when applying
sound rules; lemma feature matching in code switching as in Wei 2000; etc.). In
contrast, the work of Rosch (1973, 1975), Rosch et al. (1976), Fillmore (1975) and
Coleman & Kay (1981) gave us a ‘prototype’ theory of word meaning—that word
meaning is not a simple checklist describing the necessary and sufficient features that
the word represents, but instead word use is governed by category exemplars, or
prototypes, that best reflect the word being used or recognized.

Miller & Johnson-Laird (1976: 326-328) maintain that something in the middle is
most likely the case. In this sort of hybrid analysis, prototypes would guide us in rough
judgments, while features allow fine-grained distinctions to be maintained. This would
parallel the use of both fine- and course-grained features when recognizing complex
scenes (e.g. Oliva & Schyns 1999; Schyns & Oliva 2001).

New intriguing support for component features of words has been provided by
psychological studies. Kellenbach et al (2000) looked at activity in the portion of the



brain involved in semantic processing when presenting word pairs that shared semantic
features; e.g. ‘coin’ and ‘button’. In pairs such as this the only association between the
words is the visual attributes of the referent objects—in this case, both are round. They
found that ‘button’ presented before ‘coin’ did not make recognizing ‘coin’ any faster,
but it did result in a significantly faster activation of the portion of the brain associated
with the interpretation of semantic visual features. This strongly suggests that during
lexical recall (i.e. determining what concept or concepts a word is labeling) the shape of
a referred object is called up. This lends strong support to the existence of features as a
permanent part of our lexical knowledge, whether their manifestation be some sort of
checklist or an inherent part of a stored representation of an object.

3.3Word meaning is a hierarchical

We do not simply maintain a large list of labels (i.e. words) for concepts, of course.
Words appear to be arranged in some sort of hierarchical network, with more central
(i.e. prototypical) words standing in a central relationship to more peripheral items. As
noted in Miller (1998), despite the many criticisms that can be made about hierarchical
accounts of lexical orientation, it still seems to be the best descriptive mechanism for
nominals. This is why WordNet continues to arrange nominal items in a hierarchical
fashion. And as noted in Rosch et al. (1976) provided good evidence for this
hierarchical organization as well. They showed that items can be roughly sorted into
four basic categories, with other items arranged within those four.

This hierarchical organization is also supported by priming studies, whereby a target
item is preceded by a related item during presentation. If the target item is consistently
recognized faster when preceded by the similar item (i.e. has been ‘primed’ by the
preceding item), the two items can be said to be closer related semantically. Studies
involving priming have indicated hierarchical organization of our mental lexicons.
Intriguingly, Rossell et al. (2001) measured semantic priming not just with reaction
times but with active measurement of brain activity (functional Magnetic Resonance
Imaging, or fMRI) to more closely indicate areas involved in semantic priming; these
areas can now be targeted in further study.

3.4Word learning affects mental organization

Word learning is, of course, not as simple as assigning labels to concepts that we



encounter in the environment. As will be discussed further below in 84.7, our language
ability not only reflects our growing linguistic ability, it also appears to causally affect
our ability to make judgments and interpret our environment.

Landau (1984) notes that learning a language (e.g. Korean) will cause the child to
focus on spatial relationships and object properties that are highlighted by that
language’s vocabulary; these relationships and properties will be different than a child
learning a different language (e.g. English). Bowerman (1994), in her discussion of
inter-language differences in rendering spatial terms, notes the same phenomenon.
Different language’s terms for different spatial relationships are quite different, each
selecting from a different subset of possible features for the definition of a specifically-
labeled relationship (e.gnin English relies on contact without reference to an object’s
shape or spatial relationship with what it is contacting; both German and Dutch break
these relationships up into 3 different prepositions, each with different relational
distributions). Speech errors in research show that while the relationships attended to
might reflect basic but differently selected cognitive principles of organization, they
must be salient relationships or the child will not apply them in their language use. The
same point was made in L. Bloom (1993), termedpitigciple of relevance!Words
are learned when they are relevant to what the child has in mind.” What the child has in
mind, of course, is influenced not only by their immediate environment, but also what is
being presented by and attended to by their caregivers—all of these which are
influenced by the culture they are growing up in.

In studies on how both children and adults orient themselves in a dimensional space,
Hermer-Vazquez et al. (1999, 2001) and references therein have indicated that the
ability of older children and adults to reorient themselves in a room for the task of
finding objects depends on, as much as anything, the ability to talk about the
dimensions involved in the space. In addition, Hsieh et al. (2001) have demonstrated
that different areas of the brain are used to process speech sounds for Chinese
(Mandarin) and English speakers; their findings indicate linguistically-mediated
differences in how the languages are parsed prosodically by speakers.

Note that this is not the same as support for what is commonly called the Sapir-
Whorf hypothesis. It is not saying that learning a certain language will make one more
able or unable to discern a given attribute; it is saying simply that learning a given



language will simply make certain properties and attributes more salient since they are
being focused on by the surrounding speech community.

Discussion will now turn to the use of adjectives in the current line of research.

3.5Adjectives as feature assignors

One of the stumbling blocks run into in previous analyses of componential features
is the sheer complexity of the data. This is eloquently demonstrated by decomposition
of the simple assertion “Mike is tall” adapted from Miller & Johnson-Laird (1976: 326),

where ‘Mike’ is x:

(2) HUMAN (X) & MALE(X) & GREATER (VERTICAL (DISTANCE FROM (earth,

TOP(X))), NORMAL (VERTICAL (DISTANCE (earth,TOP (HUMAN MALE)))))

In other words, “x is a human male, and the vertical distance from the earth to the top of
X is greater than the normal vertical distance from the earth to the top of a man”.

The time-honored way to limit the complexity of a phenomenon is, of course, to
simply restrict one’s view to a subset of the data. Such is the case in the present line of
investigation.

As noted in Dixon (1982), the vast majority of the worlds languages have, in
addition to the evidently mandatory categories of nominals and verbals, a class of
adjectivals. To further restrict the attribute categories of Dixon (19823 1i6ffhakes
sense to start with adjectivals as representative of the attributes that can be assigned to a
given concrete object. The current research therefore focuses on features that can be
assigned to a concrete physical object, supplemented by spatial and temporal
terms—spatial organization appears to be an intrinsic human cognitive trait (Landau
1994), and temporal sensitivity to our diurnal cycles appears to be present in all life
forms exposed to the nature order of night and day (Young 2000).

As a starting point, the cogPrime database contains semantic features assigned to
concrete objects and their attributes, supplemented by a set of meta features for use in
organizing the data set, and features reflecting an object’s position in time and space.

% Dixon 1982 included the category value for adjectives suajoad and bad, as well as the

categoryHUMAN PROPENSITYfor adjectives such gesalous loyal andmerry.



Attention will now turn toward the main focus of the paper: features.

4 Features
This section discusses the use of the term ‘feature’ in several contexts, beginning

with its long-established use as a property of a phonological segment.

4.1The use of features

The wordfeature can be used in many senses, and is present in virtually every
linguistic field. Features have a particularly long and strong history in the fields of
phonology and phonetics (Trubetskoy 1939/19&fkobsoret al. 1952; Chomsky &

Halle 1968) where features are generally associated with both articulatory movements
and aural impressions (Keating 1988). Indeed, a large part of the evolution of
Generative Phonology (e.g. Lexical and Prosodic PhonologyHsegus & Kaisse

1993 andNespor & Vogel 1986) has been due to detailing the application of
phonological rules to segmental features and the domain of rule application.
Investigations into segmental features has led to the emergence of the hierarchical
organization of features in Feature Geometry (Clements 1985; McCarthy 1988; Sagey
1986, 1988).

Other fields in addition to phonology and semantics (see 83.4) have made good use
of features as well. Standing in opposition to segmental analyses such as those
mentioned above, at the level of discourse analysis Wei (2001) has shown that code
switching, whereby bilingual Chinese/English speakers insert in tact phrases from one
language into a matrix sentence of the other, occurs only when the syntactic, semantic
and morphological features of both the sentence and the inserted phrase agree. In this
casefeatureis used as all of the informational items that must be checked in the overall
framework (the lemma) of the utterance.

Features have also been used successfully to facilitate delineation of word sense
relations. By reference to word meaning as sets of features, synonymy, hyponymy and
hypernymy can be readily explained: two lexical items that contain or reference the
same set of features are synonyms; a hypernym contains or references fewer features
(i.e. is more generic) than one of its related hyponyms (see, e.g., Katz & Fodor 1963 or
Lyons 1968 on extension vs. inclusion). As a concrete example, the difference between
stamp and stompin the author’s dialect of American English (and assumedly, the



broader English-speaking community) can be detailed as follows:

(2a) stamp:to transfer energy to the floor or ground by virtue of kinetic energy due
to motion of the foot

(2b) stomp:to transfer energy to the floor or ground by virtue of momentum due to
inherent weight

This is exemplified by the following examples:

(3)  Quit stamping around! Quit stomping around!

(4)  Quit stamping your foot!  *Quit stomping your foot!

(5) asmall child stamping/*stomping around the room

(6)  aboy/girl/man/woman stamping/stomping around the room

This difference could be attributed to a difference in the features associated with

each label:

(7a) stamp: energy imparted due to [+motion]
(7b)  stonp: energy imparted due to [+inherent weight]

Features such as these allow us to directly detail such differences.

Psychological studies in particular have investigated the nature of features (in its
more traditional use of a physical trait) and their use in categorization (see also 82
above). They have been shown to guide facial recognition (Young et al. 1997; Schyns
& Oliva 1999), including whether someone is angry or' ibtindqvist 1999) and
whether someone is from another race (Levin 2000). Prosodic cues and pauses have
been shown to be good measures of clinical depression (Alpert et al. 2000); this is
entirely in line with normal experience where we routinely (even if subconsciously)
monitor the prosodic characteristics of those we talk to to determine their state of mind,
be it depression, anger, sadness or mistrust. In addition, Hermer-Vazquez (1999, 2001)
and references therein detail the use that children, adults, and even rats make of

* Surprisingly, the eyebrows seem to provide the greatest cue to anger, the other facial features

being secondary or modulating features.



environmental landmarks for orienting themselves in their environments.

One thing runs central in all frameworks that make reference to features, even if it is
only implied or simply ignored: features are collections of experiences or impressions
somehow encoded in the brain (i.e. some sort of memory), whether it be subconscious
parsing of the speech stream or attending to details of a complex picture. Features are
physically neural activity triggered by environmental stimuli. The existence of features
can be inferred by responses to presentation of stimuli (words, pictures, etc.). We
cannot yet directly observe this neural activity patterning. However, Kohonen & Hari
(1999) have provided intriguing models of how features might be organized and
observed in the brain. Pending results of the methodology they propose, we remain

forced to resort to more classical methods for determining their existence and use.

Attention will now be turned to just what the mental organization of such features
might entail.

4.2Mental organization of features

As noted above in 83.1, we cannot yet directly observe the manifestation of features
in the brain’s circuitry. However, by creative use of language paradigms, indications
can be gleamed.

Such creative use can be seen in Solomon & Barsalou (2001). They tested
participants with similar-category items, things labeled with the same lexical item
which are fairly distinct (e.gmaneand belly for various animals). For example, the
mane of a horse and the mane of a male lion are not particularly similar at all. Their
prediction was that if a single, global representation of a word such as mane existed,
then either verifying that a horse has a mane or a lion has a mane should provide the
same advantage when later verifying that a pony has a mane. However, if
representations of words are local—that is, a horse’s (and pony’s) mane involves a
distinct representation separate from that of a lion’s mane—only verifying that a horse
has a mane should help with the later verification of the pony’s mane. Identifying that a
horse has a mane should not help in later identification that a lion does, since at the
local (i.e. fine-featured) level the two types of manes are quite distinct. Other lexical
items with physically distinct manifestations were used as well.



Their findings indicated that such representations are indeed local; the mane of a
pony and a horse is not closely associated with the mane of a lion. This held true across
lexical items presented (i.e. the handle of a suitcase, hammer and car door). They
concluded that recognition and processing of properties is complex—as one would
expect—but nevertheless is grounded in mental representations of the features being
identified: representations of parts of objects such as the mane of a horse are stored with
physical detail found in the real-world referent, and these representations are actively
searched through when identifying those referents. In simplistic terms, features are
stored locally (i.e. as a part of what they describe) at least when necessary or felicitous,
not simply globally (i.e. as a holistic feature subsuming all instances).

4.3Underspecification of semantic features?

As discussed in 83.5 above, one way to facilitate analysis of a complex
phenomenon is to limit the scope of the investigation—in this case, restricting one’s
focus to features modifying physical properties of concrete objects. Another way to
limit the complexity of such formulations would be to appeal to default readings for
various categories being referenced. For example, in reference to the example ‘Mike is
tall’ in 83.5, in absence of other evidence an object being referenced by a proper noun is
a human, and references to height always involve the ground plane so that it not need be
specified—underspecification of semantic features, if you will. Since our cognition
appears to involve some sort of representation of the real world, there is no reason to
assume that the assertion “Mike is tall” does not simply call forth a generic image of a
human male of average heighthe object reflecting Mike is compared to this generic
man, and seen to be taller.

This calling forth of a ‘generic object’ is entirely in line with the results of prototype
semantic theory (Rosch 1973, 1975; Fillmore 1975; Rosch et al. 1976; Coleman & Kay
1981)—where a concept such as ‘bird’ is represented not by a list of features ([+has
wings], [tflies], etc.) but by prototypes or focal instances of the concept (e.g. a robin
exemplifiesbird much better thapenguindoes). This parallels current programming
technique, object-oriented programming, which makes heavy usebjett code.

®> ‘Average’ being, of course, a function of one’s experience and situation—I am very tall in

most of Asia, of only of average height in America or Europe.



Instead of relying on the subroutines of yesteryear to achieve programming tasks, the
programmer defines objects and classes of objects. These objects can be primitive
types, carrying very little information with themselves, or quite complex, containing
within themselves information from a great number of other objects. As a concrete
example, a class defining a square would specify only that all sides and angles are
equal; further information would be provided by referencing the clagsaafrilaterals

which would be specified as having four sides, and so on. In addition, most
programming languages contain methods for modifying a generic object with specific
features so that it differs from the prototypical instance of the object. Utilization of such
programming techniques would seem to hold great promise for future modeling of
attribute assignment, and will be pursued in further research.

4.4The permanence of features

In addition to the local nature of feature storage noted above, the permanence of
features is suggested by the persistence of objects in our subjective reality. While
conventional wisdom and most researchers hold that this permanence of mental
constructs is indicative of discrimination of boundaries, colors and object surface
patterns (e.g. Spelke 1982, 1983, 1994; Kellman & Spelke 1983; Spelke & Van de
Walle 1993;Hermer-Vazquez et al. 1999)thers argue for the permanence of objects
in our mental representations being due to relative motion or the lack thereof—moving
objects produce patterns that tell us they are moving; stationary objects produce patterns
that tell us nothing is moving (Shipley & Kellman 1997; Shipley 2000). This proposal
is entirely in line with both those and previously mentioned studies, and provides an
intriguing avenue of further research into object permanence as well as motion,
especially in light of the fact that detecting boundaries of objects (alternatively, fronts
of movement) appear to be hard-wired into the primate brain (e.g. Janssen et al. 2000).
It remains to be seen whether this sort of pattern identification can be adapted to the
tactile mode necessary to allow it to be used when blind children are learning language
(see the discussion in §3.1 above).

Whichever the case may be, permanence of features is indicated, either as assigned
attributes of the objects we construct, or as attributes of the patterns that indicate object
permanence. Permanence of features is also supported by a wealth of anecdotes relating
to children’s language acquisition. For example, while learning to talk A (app. 2;3)



asked her father to give her the toy pig on the shelf by reaching and calling for it.
Because the toy in question had a very cat-like face, and was turned face toward them,
her father did not understand her request. After becoming frustrated and (in effect)
scolding him on his stupidity, A fetched the toy herself, turned it around and
indignantly showed her father its curly tail.

Somehow when learning her first word for pig some sort of feature such as [+curly
tail] became salient and was given prominent status, to the point that very cat-like ears,
eyes and nose were no longer pertinent—their presence was not sufficient to override
the fact that cats never have spiral tails, but pigs always do (at least in her then
subjective world). This is despite the seemingly central role that recognizing facial
features plays in human recognition (see 83.1 above). The toy was a pig, period.

Anecdotes such as attest to the child attuning to a systematic analysis of the speech
stream and surrounding environment they encounter. Categorizing objects based on
features of those objects would seem to be a part of language acquisition strongly relied
on by the child.

4.5Features as a tool for language acquisition

The categorization of objects discussed in 82 above serves a very important function
in language development: it allows even very young children to infer facts about their
environment. This is supported by current researtdspos & Baillargeon (2001)
showed that children as young as 2 mos. are sensitive to whether or not something can
be put into a containefleedham (1999) showed that children as young as 4.5 mos.
attend to the shape but not so much texture of objects in determining whether to group
objects together as they move.

Goldstone et al. (2001) indicates that categories and features are a bi-directional
system for categorizing things in the environment; indeed, they present evidence that
not only are category ‘prototypes’ are important for categorizing objects, but that the
relevant features used to compare objects within a given category are emphasized. Just
as a cartoonist highlights certain features to make a celebrity immediately recognizable
from a sparse representation, people appear to make use of the same sort of mechanism
to facilitate learning a novel category. If adults make use of this highlighting process, it
is quite likely that the same mechanism is available to the young language learner, and

would greatly facilitate making real-world associations.



4.6 Features as reflective of scales

Adjectives as reflections of attribute scales has a long history in the literature as
well (see, for example, discussion in Weinrich 1972; Dixon 1982; Lyons 1968, 1977;
Jackendoff 1983). Cruse (1986) in particular makes clear the relation between scale
endpoints and the ‘pivotal’ or neutral region in the middle of the scale; for most
adjectives in English there are not lexical items associated with the middle of the scale.
Although one could conceivably find an object whose length is neither short nor long,
there are no lexical terms for ‘average length’ in most languages. For studied languages,
the same holds true for other lexical items (i.e. adjectivals) reflecting object attributes.

Features such as those reflected by such adjectivals can be represented by the use of
axes. For example, ‘long’ in English refers to the principle dimension of object,
regardless of its orientation in spadeor most scales and axes, there appear to be no
static regions (Lyons 1977: 273-275), but the use of these axes, whether they are
physically delineated or not, holds even with young children (e.g. Landau 1994, 2000).

Finally, we routinely and actively adjust the scales by which we measure and
interpret our environment according to the task at hand. This occurs with low-level
sensory perception (e.g. the judging of a color as red whether in bright sunlight or dim
candle-light), and with higher-order processing (e.g. judging a child big when standing
next to a younger classmate, but small when next to an elephant).

4.7Features as ‘living’ entities

Another characteristic of features that has become apparent is that while their use
may be in inherent part of our intellect, the set of features used and the nature of each
feature in that set is not fixed. Features are fluid; they are living entities that respond to

our increased understanding of our environment. This has been demonstrated

® Temperature modifiers are one exception; many languages do divide the temperature scale up
into several regions; e.g. Englisbld, cool, warm, hot.

" The exception, of course, is when the principal dimension corresponds to what we refer to as
the height of something.

8 SeeChater & Brown 1999 for discussion of scale invariance—in simplistic terms, the ability

to use the same scale in any situation by simply adjusting the values of the endpoints of the

scale—as a “unifying psychological principle” from which several physical laws derive.



thoroughly in the realm of auditory discrimination. While categorization of aural input
appears to be an innate feature of the animal kingdom (Kuhl & Miller 1978; Kuhl 1987;
Wyttenbach et al. 1996; Doupe & Kuhl 1999), the categorization of speech sounds is
highly influenced by our linguistic experience (e.g. Werker & Tees 1984; Werker 1986,
1994; Werker & Pegg 1992; Best 1994).

This ‘training’ seems to begin quite early, most likely during the prenatal
experience see the papers in Mehler 1983; Mehler & Fox 1985; see also Locke 1993:34
ff.). Day-old infants show sensitivity to their mother’s voice, actively sucking faster or
slower as needed to hear a recording of their mother's voice instead of another
woman'’s, and then less than a day later in a second trial reversing the sucking rate to
again hear their mother’s voice (DeCasper & Fifer 1980). This is despite being housed
in a group nursery and being exposed to other women’s voices. Prenatal sensitivity only
makes sense, since the unborn child’s ears are fully functional several weeks before
birth. Experience hearing even their mother’'s and acquaintances distorted voices give
the child an opportunity to begin categorizing their environment in a systematic way as
early as the age of 1 month (Eimas et al. 1971; Eimas 1974, 1975, 1985; see Eimas et
al. 1987 for a review).

Fluidity of features has also been demonstrated in a large number of cognitive
studies. Lesgold et al. (1988) demonstrated learning of novel features when participants
were trained to read x-rays; Schyns & Rodet (1997) used circles containing DNA-like
squiggles, termed “Martian cells”, to show that people can likewise learn to categorize
novel objects using learned features.

At the category level, Ross & Murphy (1999) showed that different categories can
be used to judge the same food items at the same time (e.g. a pizza can be
simultaneously categorized as junk food or Italian food), suggesting fluid category use.
This fluidity extends to the scales used to judge features: as discussed above, Schyns &
Oliva (1999) used composite facial images (images of one face superimposed over
another) to show the scale used to judge an image flexibly adjusts to the feature being
judged.

Rehder & Ross (2001) also supports the notion that the categories objects are
grouped into are themselves fluid. Their work finds that human cognition is filled with
abstract categories that people use to classify things. These abstract classifications are



necessarily the result of life experience, not some innate ability—there is no universal
need for the types of classifications people can make with regasdctal groups,
societal institutions, and legal, political, and military activity. Matan & Carey (2001)
showed that 6 year olds pattern with adults in judging the function of an object (e.qg.,
something that could be either a teapot or a watering can) based on weighing what they
were told was its original function with what they were told it was being used for
currently, whereas 4-year old based their categorizations on the order the choices were
presented; i.e. they judged something to be a watering can if that was the first intended
use of the item they heard, or as a teapot if they heard that use first, regardless of what it
was currently being used for. The study conducted by Nazzi & Gopnik (2001) suggests
by 20 months words are used to begin forming categories. Hermer-Vazquez et al.
(1999, 2001) showed that children’s ability to reorient themselves in a fixed-shape but
differential-feature environment (e.g. a room with one wall colored) kicks in around the
age of 5-7, after which they display fairly adult ability to both reorient themselves and
find a hidden object in the roorkinally, Goldstone et al. (2001; see discussion in 83.4
above) provided evidence of changes in both the categories into which objects are
assigned and mental representations of objects based on highlighted physical attributes.
They found that changes in category labels are supported when making judgments
about objects belonging to different categories @trategic Judgment Biagccount)

and changes in the features of the objects themselves when making similarity judgments
about objects in the same category @manged Object Descripticaccount).

As for whether this ability to define new categories is species-specific or not, Fagot
et al. (1998) studied attention shifts in both baboons and humans when encountering
new items (in this case, hieroglyphic-like symbols). Their findings indicate differences
in how much attention each species gives to visual cues. Their best-fit model suggests
humans retain the features previously encountered, and instead shift their attention to
novel features appearing in the stimuli. Baboons did not show such shifts, but instead
re-processed each appearing symbol. This human ability to rapidly focus attention on

novel features would seem to be critical for the skill of categorizing novel stimuli.

All of these indicate that features we use to categorize objects, and the categories

we group them into, actively interact to produce our version of our environment.



5 Representing features
One last topic related to features will be discussed in this paper, since it is germane
to the database of semantic features being constructed—the manner in which the mental

attributes being discussed can be represented.

5.1 Natural language labels

To investigate the use of features as lexicon organizers and filters for input, a multi-
lingual database of features needs to have a way to organize the data itself. Such a
database must have, of course, labels for the features contained therein. As noted by
Lyons (1968: 479-480), using natural language to talk about features is a risky
proposition—the substantial bias of one’s native tongue and personal experience make
judgments suspect.

The goal, of course, is to delineate a list of features used by humans to refer to
objects in their environment. The reality is that we end up with a list of words and/or
phrases that we assign as labels for those features, all of which reflect the language they
are written in. In other words, it is not possible to assign a feature the label [+height]
without calling forth one’s personal and cultural experience with what is normally
considered tall, and what range of height values exceptions might take. Scientific
terminology can help reduce this bias somewhat, at the expense of making feature
descriptions difficult to understand for both native and non-native speakers at best and
impenetrable at worse.

To avoid this cultural/ideolectal prejudice, a different tack seems in order.

5.2 Alternate representations for features

In this day and age the vast majority of researchers in any field make active use of
the internet, either in their work, their private life, or both. We are all familiar with the
multitude of images that barrage us on-line. While many of these images contain text
that help us achieve some goal (e.g. navigation or search buttons), or are intended to
influence our on-line behavior (e.g. banners inducing us to make a purchase or access
another site), we also can find images that are merely decoration—the design part of a
web page. Such images not only can be appealing, but make use of web pages easier
since the average human is so highly visually dependenC{see& Leveille 2001 for

a natural extension of this use of images, an image-based search segatey Karp



2001 for making sense of the otherwise impenetrable multitude of gene functions
associated with E. coli via the use of interlinked images).

Since the current project contains a web-accessible component, it seems natural to
make good use of images in the elicitation of data. The use of images has a long history
in image-recognition and processing studies (e.g. Oliva & Schyns 1997, 2000; Schyns
& Oliva 1999) and has been used in the past for phonological/phonetic studies (e.g.
Davis 1994, 1995). Surprisingly, this seems to be a little-used means of eliciting
semantic features (cf. the text-based elicitation of features used in Ross & Murphy
1999; Hinojosa et al. 2001; Garrard 2001).

Perhaps the reason is that any image carries with it an incredible amount of detail.
For example, an image of a face can be categorized in many different ways (Schyns &
Oliva 1998). With objects used to represent basic attributes, the problem is magnified;
an image of a bowl of water might be interpreted as a stimulus for either its size, the
volume it holds, or whether or not it is full or empty. To avoid the confounding of
stimuli, line drawings of the type used in Damian et al. (2001) are thought to be better;
by limiting the image itself to rough outlines representing the attribute in question, a
more limited categorization should be able to be achieved. This is in line with the
highlighted cognitive representations of Goldstone et al. (2001), discussed in 84.5. Line
drawings therefore form the foundation of the elicitation materials being developed.

However, there are several potential problems with using line drawings for measure
of such things as width. First, one must be certain that the participant is identifying the
correct dimension of the object in questions—$ort/long, the primary (usually
longest) axis, fomarrow/wide,the secondary axis. This possibility of the participant
rotating the image in their mind must be circumvented. To prevent such rotation,
vectors can be added to the drawings to assist in identifying the axis in question.

Secondly, it is difficult to provide a person with a line drawing that is unequivocally
long or wide; will 3 meters suffice, or will it take 10 or 30 meters width to ensure that
all participants are identifying the desired end of the scale in question? A 10-meter
drawing would be both difficult to produce and difficult to present. To help ensure
correct identification of the desired region of an attribute scale, the two figures can be
juxtaposed; limited, simplistic natural language phrases can be used to unambiguously
identify the object in question, and units of measure can likewise be included to



establish the objects in relative frameworks rather than literal ones. By careful
limitation of both the figures and any language that accompanies them, it should be
possible to ensure elicitation of the desired attributes.

As an example, the following stimuli could be used to elicit the equivalent of the
English pairshort, longandnarrow, wide:

ﬂ M
“ 5Ccm. -» =- Z00 meters -=

. 4P
00 cm. 3000 meters

Figure 2. Elicitation materials fahort, long, narrowandwide.

The included vectors should help the participant unambiguously identify the dimension
in question, while the units of measurement used in the figures should help participants
establish the relative size of the object being labeled. An alternative to the units of
measurement would be a reference object, whose size varied according to scale.

For elicitation of color terms especially, the use of images is called for. Instead of
simply asking a participant to translalen and bright, or show them a picture of a
lamp, a gradated series of images makes the contrast quite clear. For example, the
follow image could be used for the feature cate@eIgHTNESS



Figure 3. Elicitation image fatim andbright.

Once images have been created for all desired features, they can be embedded in a
web page for direct solicitation of data via the web. This will allow those interested
(and/or paid) to participate at their own pace, according to their own schedule. Such

web-based data collection may prove to be useful in other areas of investigation as well.

6 Summary

Current research on features and categorization speaks to a higher-order process
being involved that likely spans disciplines and sensory modalities. Concentrating this
higher-order processing may continue to provide insights into just how much overlap is
involved. In particular, a more vigorous pursuit of cross-over between the processes
indicated by phonological and phonetic features processing (e.g. underspecification;
Feature Geometry) and the features used to categorize other sensory modes (e.g. visual
and tactile sensations) would seem to greatly benefit all fields of investigation. Finally,
it was suggested that using images as an alternative to natural language for the
elicitation of the semantic features bears further consideration.
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