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Because the experiments referred to (and others)
employ qualitatively different paradigms covering percep-
tual processes, cognitive evaluations, or movement control,
it is proposed that temporal integration up to 3 seconds is
general principle of the neurocognitive machinery. This
integration is automatic and presemantic, that is, the tem-
poral limit is not determined by what is processed, but by

intrinsic time constants. Because of the omnipresence of

temporal integration, it can be used for a pragmatic defini-
tion of the subjective present, which is characterized phe-
nomenally by a feeling of nowness, or one can relate
temporal integration to singular single states of being con-
scious (SeeONSCIOUSNESSand CONSCIOUSNESSNEURO-
BIOLOGY OF).

Additionally, on a different timing level control of motor

performance can be registered. Two categorically distinct Sc

speed modes with frequencies of 2 Hz and 5 Hz in the
sequential initiation of motor behavior are most prominent
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d(unesch, E., F. Binkofski, and H.-J. Freund. (1989). Invariant tem-

and can be assessed in simple finger tapping tasks. Neverschwender, D., C. Madler, S. Klasing, K. Peter, and E. Poppel.
theless, they represent basic temporal movement characteris- (1994). Anaesthetic control of 40-Hz brain activity and implicit

tics. Fast automatic movements in the maximum speed in  memory.Consciousness and CognitiBn129-147

finger tapping can be performed with interresponse intervalsTallal, P., S. Miller, and R. Fitch. (1993). Neurobiological basis of

of 150 to 200 ms, representing a frequency of approximately

5 Hz. The speed in a personally chosen finger-tapping task is
performed with interresponse intervals around 500 ms, rep-

resenting a frequency of approximately 2 Hz (Fraisse 1982).
These two different frequency modes are also seen in othe

movement tasks and are associated with distinct sensorimo

tor control processes, the 2-Hz movement being under vol-

speech: A case for the preeminence of temporal processing. In
P. Tallal, A. Galaburda, R. Llinas, and C. von Euler, Efan-
poral Information Processing in the Nervous System. Special
Reference to Dyslexia and Dysphadiew York: The New

; York Academy of Sciences, pp. 27-47.

Further Readings

untary control and allowing the collection of somatosensory
information, the maximum speed 5-Hz performance requir-

Atmanspacher, H., and E. Ruhnau, Etisie, Temporality, Now. AUQ:
Berlin: Springer. Date?

ing only coarse preattentive control (Kunesch et al. 1989). In
sensorimotor synchronization where the frequency of a
pacer signal has to be reproduced accurately by finger tap
the notion of the categorical difference of the two frequency
modes is complemented. The subjective representation o
every single finger tap is possible only when a subject is tap-
ping to interstimulus intervals of above 300 ms (Peters
1989). The single taps cannot be temporally resolved in
somatosensory perception with interstimulus intervals below
300 ms. This threshold of approximately 300 ms marks the
categorical change in motor performance, dividing the
aforementioned two motor control processes into automa-
tized movement and voluntarily controlled behavior.
See alSONTERSUBJECTIVITY; MOTOR LEARNING; TEMPO-
RAL REASONING

—Ernst Péppel
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Tone

One of the fundamental goals of phonological theory is to
determine how, starting with a complete phonetic descrip-
tion of a language, we can establish a small number of
discrete categories along the various dimensions in which
speech sounds may vary (SB®ONOLOGY and PHONET

Ics). These discrete categories along each phonetic
dimension are the values assumedOyTINCTIVE FEA-
TURES and in any given language they must be rich
enough to distinguish utterances that differ with regard to
their word choice or their grammatical information, but
no richer; other phonetic detail is excluded from such a
phonological descriptionRitch is the name given to the
frequency of pulsation of the vocal cords during speech; it
describes a continuous variable, which can range from
about 50 Hz, at the bottom of a man’s range, to about 400
Hz, at the top of a woman'’s rangenerefers to the small
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number of discrete categories necessary for analyzinglable that is called “accented.” The accented syllable bears a
pitch in a phonological fashion. special mark in the lexicon, and tone mapping will typically
Tone is normally analyzed as a property not of individ- make that accented status be phonetically unique in some
ual segments (or sounds), but of syllables. From a descripfashion, by making it the final high of the word, or the first
tive point of view, the pitch of syllables may be either high, or through some other means. The information that is
(roughly) constant throughout, or it may have a more com-thus transmitted by the pitch pattern is which syllable is
plex, dynamic pitch—typically rising or falling. In the first accented, rather than what the tonal melody is. The location
case, such syllables are phonologically assigned a singleof the pitch accent will in some languages be predictable by
“level” tone; in the second, in almost all cases, the syllable simple rule, in others by complex rules involving the inter-
is analyzed as being assigned a sequence of more than oreetion of the morphemes involved, and in yet others be sim-
level tone, and it is this sequence of distinct tones that givesply stipulated in the lexicon. Tokyo Japanese is a familiar
rise to the “dynamic” or “contour” pitch: a sequence of low example of a pitch-accent system. However, some systems
tone plus high tone gives rise to a rising pitch, and so on.exist (including other dialects of Japanese) that contain two
The number of distinct tonal levels (corresponding to dif- distinct tonal patterns, and lexical items must be marked as
ferent levels of pitch) varies from language to language, butto which tonal pattern is appropriate. Systems of this sort
two, three, and four levels of tone are not at all uncommon,share functional characteristics with tone languages, and
and a few languages with even more levels have beerblur the boundary between tone languages and pitch-accent
reported in the literature. In the neutral intonational pattern languages.
of English, a word with initial accent such as “wedding” Intonational languages (a category that includes English)
has a high tone on the first syllable and a low tone on thegenerally allow pragmatic factors to influence the tone and
second syllable, whereas a monosyllabic word such asthe pitch of an utterance to a greater degree than would a
“man” has a falling pitch, which is to say, the syllable is tone or pitch-accent language. Most intonational languages
associated with a sequence of two tones, high and low, in(French is an exception) share with pitch-accent systems
that order. the characteristic of marking exactly one syllable as
The termtone languagas traditionally used to refer to  accented, and using the location of that accented syllable in
those languages that use differences in tone in order to disthe algorithm that maps an intonational pattern to the pho-
tinguish between distinct lexical items (that is, distinct nological word. However, it is very difficult—indeed, at
words; Pike 1948; Hyman 1978; McCawley 1978; Gold- this point, it seems impossible—to draw a sharp boundary
smith 1994). Such systems may seem exotic from a Euro-between those aspects of intonation that can be adequately
pean perspective, but tone languages are quite commomandled with discrete linguistic categories and those that
around the world, including a large number of Asian lan- blend gradually into the noncategorical aspects of general
guages (including notably the well-studied Sino-Tibetan communicative behavior. A consideration of the intonation
languages; Yip 1995), most African languages (especiallyof ironic, polite, or highly emotional speech quickly
the well-studied Niger-Congo languages; Odden 1995), andencounters this problem.
many Mesoamerican languages, especially the Oto- As these remarks suggest, one of the most important
Manguean languages. It is appropriate to bear in mind thatcharacteristics of tonal patterns in language is their consid-
in these languages, tone is just as often used to manifestrable autonomy with respect to the other characteristics of
grammatical categories as it is to mark lexical contrasts. Forspoken language, which are produced largely by the mouth
example, in many Bantu languages of Africa, the verb will and nose. This autonomy is manifested in several ways,
consist of six or more syllables, composed of a polysyllabic including: (1) the numerical mismatch, or many-to-many
stem with several prefixes. The first syllable of the stem is relationship, found between tones and syllables; (2) the
the lexical root, and its tone is a lexical (that is, idiosyn- retention of a tone despite the synchronic or diachronic loss
cratic) property. The tones of the following syllables of the of a tone (so-called tonal stability); and (3) the existence of
stem, however, will be determined by the tense of the sen-morphemes that consist solely of one or more tonal specifi-
tence, and they are thus considered to express grammaticalation (so-called floating tones). These observations are
information. closely linked to the foundations of autosegmental phonol-
Languages are often divided into three categories, from aogy (Goldsmith 1990). In addition to the numerical mis-
prosodic point of view: tone languages, pitch-accent lan- match between tones and syllables, tone languages often
guages, and intonational languages, but the boundarieslisplay a temporal mismatch between the tones and the syl-
between these categories can be difficult to discern at timedables of a given morpheme. The consequence of this is that
(see PROSODY AND INTONATION). Pitch-accent systems it is not at all uncommon to find in tone languages that a
share in common with tone languages relatively strict prin- morpheme is underlyingly (or analytically) composed of
ciples determining the tone assigned to each syllable, andoth tones and syllables, and yet the tone(s) of the mor-
thus the pitch at which each syllable will be uttered, but pheme will be consistently realized on a different syllable,
rather than utilize tonal differences as such inLth@con, either earlier or later than the syllable(s) pertaining to that
pitch-accent systems characteristically employ a single morpheme.
tonal melody (e.g., low-high-low, constant across the lan- See alSOMORPHOLOGY, PROSODY AND INTONATION,
guage), and assign it to an entire phonological word. How- PROCESSINGSSUES STRESS LINGUISTIC; TYPOLOGY
ever, such languages employ an assignment algorithm that
recognizes that one syllable is prosodically special, the syl-—John Goldsmith
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Top-Down processing in Vision are seen less reliably as Biederman (1981) showed when he

reported increased errors in identifying fire hydrants pre-

sented in kitchens or sofas floating over city streets than
Perception represents the immediate present, what is hapwhen they were presented in their usual contexts. As Bied-
pening around us as conveyed by the pattern of light fallingerman’s example demonstrates, top-down analyses work
on ourrETINA. And yet the current pattern of light alone because there is a great deal of semantic redundancy in the
cannot explain the stable, rich experience we have of ourcontent of a scene—noses are expected to be seen along
surroundings. The problem is that each retinal image couldwith mouths, cars with roads, classrooms with desks, and
have arisen from any of a vast number of possible 3-D sofas with coffee tables; moreover, noses, cars, and sofas
scenes. That we rapidly perceive only one interpretationhave typical shapes so that once a few distinctive features
tells us that we see far more than the immediate informationhave implied the presence of say, a car, the other expected
falling on our retina. The highly accurate guesses and infer-features of a car can be verified or even just assumed to be
ences that we make rapidly and unconsciously are based opresent.
a wealth of knowledge of the world and our expectations for ~ Textbook examples of top-down processing typically
the particular scene we are seeing. The influences of thesenake use of images with two or more equally likely inter-
sources beyond the images on the retina are collectivelypretations which are sometimes referred ta.@ssions. A
known as top-down influences. hint as to which interpretation to see may then trigger one or

Both top-down analyses and the complementary bottom-the other, as in the examples shown here. (a) Two faces, or

up processes use local cues to assign depth to the regions ohe vase, or one face behind a vase (Costall 1980); (b) a man
an image. They differ in the manner in which they resolve the playing a saxophone seen in silhouette, or a woman'’s face in
ambiguity of the local cues. A bottom-up analysis, part of sharp shadow (Shepard 1990); and (c) a sphere in a four-
MID-LEVEL VISION and SURFACE PERCEPTION makes direct  point setting or a white angel (Tse 1998). In these instances,




