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In the traditional philological paradigm of Classical scholarship, questions of
theory were largely taken for granted: the theoretical framework of scholarly
investigation was thought to be implicit in the textual evidence and so obvious
to everyone that it did not merit overt analysis. A highly theoretical topic like
the nature of rhythm would have seemed esoteric: certainly it is not a question
that the standard handbooks of Greek metre, particularly those with positivist
underpinnings, were apt to confront. In recent years, Classics has begun to
shed its aversion to theoretical discussion and at the same time has sought a
greater degree of integration with a range of related disciplines. So the time
has perhaps now come for Classical metrics to access the results of a century of
psychological investigation of rhythm.! In fact, the a priori exclusion of this
information is rather paradoxical, since the Greeks were themselves pioneers
in the theoretical study of rhythm and explicitly confronted many of the fun-
damental problems of the field, as will be illustrated en passant at appropriate
points in the ensuing discussion.

1 The internal clock

Greek metres are quintessentially temporal patterns: they develop through time
and their constituents are temporally defined; that is, they are patterns of time
in time (Povel 1984).2 Temporal patterns were one of the early concerns of
experimental psychology in the nineteenth century, and although they have

"We are grateful to TAPA’s reviewers, who included an experimental psychologist, for sug-
gestions and revisions; we are responsible for remaining errors.

2puBpdeg tolvuv €oti cvotnpa ék xpévav katd Tiva TEv cuykepévov. (Aristides
Quintilianus 1.13 W[innington-]I[ngram]: “Rhythm is a system of times put together according
to some order.”)
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been intermittently neglected in more recent times, an important body of
knowledge has accumulated. Early work was partly motivated by an interest in
verse rhythm—for instance, one section of a 1905 article by Stetson is entitled
“The rhythm of verse and of prose”—while more recent studies are often con-
ducted from the point of view of the organization of memory or the perception
and production of music. Temporal patterns are a subset of serial patterns,
having their own specific properties. In temporal patterns, the intervals be-
tween the stimuli, and often the stimuli themselves, are temporally defined. Not
all temporal sequences of stimuli are patterns; they can be random unpatterned
strings. Not all temporal patterns are rhythmic.3 Rhythm implies some regu-
larly occurring event, although accelerating and decelerating patterns can be
learned and reproduced by synchronized tapping with some degree of accuracy
(Ehrlich 1958). Although the term rhythm is often used loosely to refer to any
regularly occurring event like the succession of day to night or the “rhythm of
the seasons,” in its technical sense rhythm is often taken to imply a patterned
temporal sequence in which the stimuli occur with a frequency within the
range of about 8 to 0.5 events per second, or with durations in the range of
120 to 1800 milliseconds (henceforward msec). Slower stimuli tend to be per-
ceived as discrete events not joined to each other in a rhythmic pattern. Faster
recurrence leads to various other perceptions such as vibration or tone. In
principle, rhythm is not restricted to any one modality.# Rhythm is particularly
associated with the auditory modality. Coding and reproduction are more
accurate for (nonlinguistic) temporal patterns presented auditorily than for
similar patterns presented visually (Glenberg et al. 1989), and, more generally,
memory for both content and order was better when a list of items was pre-
sented auditorily than when it was presented visually (Drewnowski & Murdock
1980). Arrhythmia can be supramodal, discrimination and reproduction being
impaired when rhythm is presented via hearing, sight, or touch (Mavlov 1980).

In any motor task—be it speaking, reciting verse, scratching one’s head,
or running the quarter mile—we need to produce movements whose order is
sequenced, whose duration is timed, and whose force is regulated. If someone

3nBavdv piv odv kol xwpic Adyov, 10 piy macav xpdévev té&v ebpvBuov givat.
(Aristoxenus, E[lementa] R[hythmica] 8 P[earson]: “It is clear without argument that not every
arrangement of times is rhythmical.”) 00 y&p ndco xpdvav covBeoig e8pvbpog. (Psellus,
Prolambanomena 3 Plearson]: “Not every combination of times is rhythmical.”)

4nag piv odv Ppubpudg Tpiot Tovtolg aioBninpiog voeital: Syer, dg év dpxfioet- dxof,
&g év Léler: &R, Og ol TdV GpTnp1dv oguypoi- (Aristides Quintilianus 1.13 WI: “All rhythm
is perceived by these three sensory modalities: sight, as in dance; hearing, as in song; touch, as
the pulse of the arteries.”)
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is asked to tap his finger at a tempo of his own choice, the tempo chosen will
vary greatly from one person to the next, unless they are identical twins, but
one and the same person will be surprisingly consistent from one tapping
session to another. An interval of about 600 msec between taps is fairly typical.
Maximum tapping speed varies according to the part of the body doing the
tapping and is in the range 160-205 msec per tap (Keele & Ivry 1987). The
phenomenon of spontaneous tapping tempo tells us a number of important
things about rhythm. First of all, rhythm is preferred to arrthythmia. In fact,
when subjects were asked specifically to tap as irregularly as possible, they
found it difficult to do so (Fraisse 1946). Secondly, as just noted, humans are
predisposed to perform repetitive motor actions at a specific frequency falling
within the range of frequencies perceived as rhythmic. Thirdly, and even more
fundamentally, they have the ability to compute that frequency; in other words,
spontaneous tapping implies some sort of internal clock.

Not only do people tap with spontaneous rhythm, they can also tap in time
to a metronome or march and dance in time to music or work in time to a
worksong: in general, this computational ability permits the synchronization of
social activity (Shaffer 1982). What is interesting is that when a subject taps to
a completely random and unpatterned temporal sequence, the tap follows the
signal; just as in most human behavior, the reaction follows the stimulus. But
when one taps to a regular series of sounds, the tap is synchronized with the
sound (with some degree of variability, which will be discussed below): in fact,
the tap occurs about 30 msec prior to the stimulus, suggesting that what is
synchronized is the auditory and the tactile perception. Tapping after the sound
is more difficult, particularly when the interval between stimuli is less than
1000 msec (Fraisse 1966; Fraisse & Voillaume 1971). If the experimenter de-
lays one of the stimuli, the tap will occur at its rhythmically predictable point
in time. The subject anticipates the stimulus in order to synchronize his tap
with the stimulus. He has learned the pattern and is using it to perform the task
of synchronization.

There is considerable evidence that humans can efficiently perform only
one rhythmic motor task at a time. When subjects pressed one telegraph key
with the left hand and another with the right hand in response to two different
rhythms, the respective tapping rhythms interfered with one another unless
they were harmonically related (Klapp 1979). A similar interference was
found when tapping and repeating the syllable la to different thythms (Klapp
1981), or when tapping and reciting a nursery rhyme (Peters 1977). A related
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difficulty was found with the perceptual monitoring of two temporal sequences
(Klapp et al. 1985).

2 The metrical elements

Perhaps the most basic question in Greek metrical theory is how to define the
metrical elements. Since Greek metre is quantitative, many theorists have
automatically assumed that the longum and breve are temporally
(quantitatively) defined, as their names imply. This leads immediately to the
question of what specific temporal relations are involved—absolute durations,
a temporal ratio, a range of durations or of ratios? Other theorists have taken
the position that it is inappropriate to seek either a temporal or a proportional
definition for the metrical elements: implicit in their position is a more
abstract, nontemporal definition of the elements as strong and weak or plus and
minus; this view implies that the metrical elements are encoded and stored in
memory without any specifically temporal features, and, a separate point, not
in terms of any clearly defined quantitative value or ratio. The question is not
whether temporal patterns can be represented at this level of abstraction—they
clearly can, since a temporal pattern can routinely be translated into a spatial
pattern; rather, the question is whether this level of abstraction is the normal
way for temporal patterns to be processed or whether it is only accessed for
special purposes. It is important to realize that defining the metrical elements
abstractly as strong and weak does not eliminate the question of the nature of
the temporal relations of the elements: it just shifts it from that part of the met-
rical processor which defines the intrinsic features of the elements to that part
which specifies the rules for mapping categories of language or speech onto the
metrical elements. To put it more concretely, if longum is not temporally
defined, then some sort of temporal quantification will be required in the rules
specifying what sorts of syllables can implement the longum in acceptable
verses: how do the syllables that can implement the longum differ from those
that cannot? Just the same possibilities present themselves at this point as those
noted above for the other theory: absolute duration, temporal ratio, or range
of durations or ratios? So the implication of representing the pattern elements
abstractly as strong and weak would be that these temporal pattern elements do
not share the durational properties of the linguistic categories that implement
them.

In the following exposition, we shall take the most straightforward view,
namely, that the metrical elements are temporally defined; the point of the
above remarks was to argue that the temporal properties of rhythm are basic to
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any discussion of quantitative verse irrespective of the position adopted in this
particular theoretical dispute and irrespective of the formalism chosen to
represent the metrical elements in the medium of typography.

It is fairly obvious that absolute durations are not used to define temporal
pattern intervals. If they were, the same pattern would be judged to be two
different patterns at two slightly different rates of delivery.5 It follows that the
intervals of temporal patterns are not simply perceived and stored as strings of
absolute durations, but are represented in terms of one another, that is, rela-
tionally.6 Pattern elements are represented in our minds in more abstract terms
than the physical measurement of their occurrence in our natural environment.
Consequently, we need to know what properties characterize and constrain this
abstract representation. Are all relationships rhythmically satisfactory? If not,
which ones are better than the others? For instance, are ratios like 1:2 (.5) and
1:3 (.33) better than ratios like 2:5 (.4) and 3:4 (.75)? Is there a certain range
of ratios that is better than other ranges of ratios? Is there a limit on the
number of different ratios that can be efficiently processed as defining
different pattern elements? The Greek tradition postulated a basic clock unit
that could be used in increments of 100% only;? the ratio of 3:2 was admitted
for subconstituents of the foot but not as a clock division.8 It was demonstrated

Selnep elowv Exdotov t@v puBpdv dywyai &rnepot, &reipot Ecovial kol ol mpdTol
[scil. xpévot]. (Aristoxenus, Protos Chronos P: “If the tempi of each rhythm are infinite, then
the primary time units will also be infinite.”)

Sol1e yap médag cuviiBepev éx xpévov dmeipov, AN’ £ Gpiopévov kol
nenepocpuévav peyéber te kol dpBud kol f npdg dAAArovg Evppetpiq te kol wdEet,
olte puBuov 008éva tolodTOV Opdpev: dAAov 8¢, elmep unde ndda, 0vde POudy,
énedn mdvieg ol puBuoi €k moddv Tvev cvykewvtal. kabélov dn vontéov, ¢ &v
Angbfi t@v puBudv, dpotov einelv 6 tpoxaiog, éni 11icdé TIvog dywyic teleic dmeipav
£kelvov Tpdtav Eva tve Myeton elg adtédv. (Ibid.: “We do not compose feet from infinite
(indefinite) time units, but rather from time units that are definite and complete in both
magnitude and number and in their commensurability, one to another, and in their order, nor do
we see any such (infinite) rhythm. It is clear that if we do not have such a foot, we do not have
such a rhythm, since all the rhythms ar composed of certain feet. In general, it must be realized
that whatever rhythm be chosen, e.g., the trochaic, when it is set at a particular tempo, it will
take for itself a certain one of the infinte number of primary time units.”)

7xaheicBo 8% mpdtog piv AV xpévav O Do pndevog @v puBuilopévev Suvatde
@v Swopebiivar, xatopetpodpevos, tpionpog 8& 6 1pig, Ttetpdonuoc 8k 6 teTpdric.
(Aristoxenus, ER 10P: “Let the term primary time unit designate the one unit of time lengths that
cannot be divided by what is to be rhythmicized; let the term diseme designate the unit that is
measure twice as long as this, and the term triseme the unit three times as long.”)

810v modikdv Adyav edgvéotatol eiotv ol 1pelc, § e 100 Toov kol O 10D Sirhaciov
kol 6 100 fpodiov. (Psellus, Prolambanomena 9P: “The most natural of the ratios within feet
are the three following: the equal [1:1], the double [2:1], and the hemiolic [3:2].”)
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almost half a century ago that when subjects are asked to produce patterns of
five or six taps having an interval structure of their choice the durations of the
intervals used fell into two categories only, one in the range of 200-300 msec
and the other in the range of 450-900 msec (Fraisse 1946, 1956). A similar
result was obtained when subjects were asked to reproduce patterns having
unequal feet, which were described to them on a card in numerical rep-
resentation (for instance, 322 representing a group of three taps followed by
two groups of two taps). Each pattern produced used two intervals, a short
interval averaging 320 msec for foot internal taps and a long interval aver-
aging 645 msec for foot final taps; sometimes a dummy tap movement was
inserted in the middle of the long interval (Essens & Povel 1985).

Another method used was to get the subject to imitate an auditory pattern
by tapping. For instance, in one set of experiments, the stimuli were sequences
of 150 msec beeps separated by varying intervals, which the subjects imitated
by tapping on a small metal plate which likewise produced a beep (Povel
1981). Two patterns were used, \U— and LU— —, with the following ratios of
intervals between the onsets of adjacent nonidentical tones: .25 (1:4), .33 (1:3),
4 (2:5), .5 (1:2), .6 (3:5), .66 (2:3), .75 (3:4), .8 (4:5). Only patterns in which
the intervals stood in the relation 1:2 were correctly imitated. Furthermore,
the errors in reproduction of the other ratios were not random: there was a
systematic tendency for responses to move closer to a 1:2 ratio. For instance, a
stimulus ratio of .25 would be reproduced as .33 and a stimulus ratio of .66 as
.55. The subject is evidently aware that the ratio is not .5, but he underesti-
mates or overestimates it in the direction of .5; he strives to represent complex
temporal relationships in terms of a simple 1:2 metrical structure. Note that,
whereas an interval of 250 msec was not perceived as a subdivision of a 750
msec interval in the sequence 250 750 250 750, it was so perceived (and, con-
sequently, accurately reproduced) in the sequence 250 250 250 750. These re-
sults confirm that pattern intervals are not encoded in terms of absolute dura-
tions but relationally, and indicate that relations other than 1:2 are not favored.

In another study (Deutsch 1986), subjects were presented with a standard
duration demarcated by a pair of blips (50 msec 1 kHz tones) followed after a
certain interval by a comparison duration also defined by a pair of blips. The
task was to judge whether the comparison duration was equal to, longer than,
or shorter than the standard. Additional blips were interpolated in the inter-
stimulus interval and the subjects were instructed to ignore them. However,
when the interpolated intervals were somewhat shorter or longer than the stan-
dard, their judgment was distorted in the direction of the interpolated dura-
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tions, but when they were in the range of half the standard duration, their
judgment was distorted in the direction of twice the interpolated durations.
Subjects’ judgments were based on a metrical analysis and not on actual dura-
tions.

Music uses a much more complex system of durations than verse, but in
one study of a variety of piano pieces it was found that in most cases two notes
only, standing in a 1:2 ratio, accounted for over 80% of all notes and that
among the remaining notes the longer ones tended to be demarcative (Fraisse
1956). When musically trained subjects listened to short musical sequences in
which the durations of two notes were systematically varied, they tended to
perceive the varying ratios categorically as 1:1 or 2:1 (Clarke 1987). When
some of a group of musically trained subjects were asked to play intermixed
doublets (two notes per beat) and triplets (three notes per beat) in time to a
metronome, they were unable to play the triplets and reorganized them bi-
narily as two sixteenth notes followed by an eighth note (Vos & Handel 1987).

What all this evidence suggests is that longum is discriminated from breve
on the basis of a clock defined in terms of breve, and that there is some sort of
psychophysical predisposition to a 1:2 ratio which may be expected to apply to
quantitative metrical patterns too, since they are a type of temporal pattern.
This predisposition was also found to apply to visual patterns when subjects
graphically reproduced tachistoscopically presented rows of dots separated by
different intervals (Fraisse 1956).

It should also be pointed out that the tendency toward a .5 ratio is not
directly related to pure discriminability. There is no reason to assume that long
intervals exceeding 200% of the clock interval should be more difficult to dis-
criminate than intervals of 200%. As for intervals below 200%, it is tra-
ditionally assumed that intervals of roughly 110% of the standard are just no-
ticeable, and the same holds for continuous stimuli like unseparated tones
(Woodrow 1951; Lehiste 1970; Abel 1972); this leaves a range of 90% (110%
to 200%) unaccounted for. The just-noticeable delay in a pattern of otherwise
isochronous tones was about 6% for intertone intervals of 200 msec and about
12% for intervals of 100 msec (Hirsch et al. 1990). Evidently, quite small dif-
ferences in duration can be heard, but this ability is not what is used in recog-
nizing temporal pattern intervals as same or different. This latter task seems to
be approached in terms of assessing whether the ratio of one interval to the
next involves one or two units of an internally computed metrical clock, what
are called morae in phonology. When the experimental design forces subjects
to compute ratios of duration, the just noticeable differences cited above are



386 A. M. Devine and Laurence D. Stephens

not found. Subjects were able to distinguish iambic sequences consisting of
noise bursts with the ratios of 1:2 and 2:3 from trochaic sequences with the
ratios 3:2 and 2:1, but were not able to distinguish one type of iambic or tro-
chaic sequence from the other. This was true whether the native language of
the subjects was English or Estonian, which has ternary duration (Fox et al.
1987).

Although the point will be amplified below, it is worth remarking already
at this juncture that both in the simple tone patterns of these psychological ex-
periments and in the far more complex prosody of speech, the definitional 1:2
ratio is subject to modification reflecting the higher level hierarchical structure
of the pattern, specifically the grouping of the pattern elements into rising or
falling rhythms and the demarcation of higher level structures. These modifi-
cations need to be factored out in evaluating the accuracy not only of 1:2 ratios
but also off 1:1 ratios in actual production tokens. Similarly, in music perfor-
mance, the time values of notes are not precisely respected for a variety of rea-
sons, including accent marking, demarcative decelerando, and expressive fac-
tors (Gabrielsson 1974; Bengtsson & Gabrielsson 1983; Clarke 1985). It fol-
lows that music is abstractly organized in terms of simple integral ratios and
concretely implemented by complex nonintegral ratios. Just like quantitative
verse.

3 Anceps

So far we have proceeded on the assumption that longum and breve are the
only two elements of Greek stichic metre: anceps is interpreted as a position in
the metron, namely, the noninternal arsis position, which can be filled by
either of the two elements. There has been some controversy about the status of
anceps: it is sometimes assumed that anceps is not merely a position but a sep-
arate third metrical element with a temporal value intermediate between that of
breve and that of longum, thereby imposing a metrical rather than a rhyth-
mical interpretation on the ancient doctrine of alogia.® We have discussed this
question elsewhere (Devine & Stephens 1975).

9%l AngBeinocav §bo 1édeg, O pev ioov 10 &ve 1@ kdtw Exwv kai dionpov éxdtepov,
6 8¢ 10 ptv kéto dionuov, 10 8t dvo fipiov, tpitog 88 Tig AngBein mod¢ mapa TovTOVE,
hv piv Baowv fonv adtoig dpeotépolg éxwv, v 8t dpowv péoov péyeBog Exovoav tdv
&poeav. b Yop To100T0g TObG GAoyov piv EEel O v mpdg T kGTw: ot 87 i Ghoyio
petald §do Adywv yvopipev tfi aicbicer, 10d te ioov kai tod dimdaciov. kodeiton &’
oV1og xopeiog &Aoyog. (Aristoxenus, ER 20P: “If two feet are chosen such that the first has
its arsis equal to its thesis and each a diseme in length, and the second has its thesis of diseme
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Our concern in the context of this paper is to evaluate the interpretation
of anceps as a third metrical element in the light of what is known about
temporal patterns in general. Note that in the following discussion reference is
always to the abstract durational pattern of the iambic or trochaic metron de-
fined in terms of the putative metrical elements breve, anceps, and longum, and
not to individual instantiations of that pattern containing so called long or short
anceps, that is, heavy or light syllables in anceps position. Two conditions can
be envisaged. In one condition, which is the one envisaged by Aristoxenus in
the passage cited in note 9, the temporal value of the longum in the foot con-
taining the anceps is the same as it is in the foot containing the breve, so that
the two feet of the metron are anisochronous. In the other condition, the dura-
tion of the longum in the foot containing the anceps is compensatorily adjusted
so that the two feet of the metron are isochronous (no philological evidence has
been adduced that would indicate a preference for shorter heavy syllables in
the longum either of feet containing the anceps element or of feet which have
heavy syllables in anceps).

There is one recent experiment that seems relevant to the anisochronous
condition (Essens et al. 1985). In this experiment, subjects were asked to re-
produce patterns of three anisochronous feet made up of tones and intervals,
type UU— | U— |U—, in which the ratio of the breve to the longum was
varied through the range 1.5:1, 2:1, 2.5:1, 3:1, 3.5:1, 4:1. The patterns were
imitated most accurately when the ratio was 2:1; ratios higher than 2:1 were
underestimated in reproduction; the ratio 1.5:1, which is the one that most
closely approximates the sort of ratio posited for anceps to breve, was
reproduced as almost 2:1; subjects found it difficult to segment patterns with
this ratio into feet and in their reproductions they lengthened the longer
interval and shortened the shorter one. These results do not encourage the idea
that elements standing in a ratio of 1.5:1 are very natural or very easy to
discriminate in a temporal pattern of this type. However, the patterns used did
not match the metrical distribution of anceps in that only two values were used
in the patterns, whereas an iambic or trochaic metron would contain three
elements—breve, anceps, and longum—if anceps were a metrical element. This
problem does not occur in the experiment relevant to the isochronous condition

length and arsis half of that, and if some third foot is chosen alongside them, such that its thesis
is equal to both of the others but its arsis has a magnitude in the middle of the two other arses;
then such a foot will have an irrational ratio of arsis to thesis. The irrational will be midway
between two ratios perceptible to the senses, i.e., the equal [1:1] and the double [2:1]. This is
the irrational choree.”)
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(Essens 1986 amplifying Povel 1981). Here patterns contained four feet; in one
set of patterns, one foot was divided 2/3 : 1/3, while another foot was varyingly
divided 1/3: 1/3 :1/3 or 1/2 : 1/5. For instance, a structure having trimoraic feet
1131131531 1| 213173 | 1 would be tested against a structure 112 12 | 1 | 2/3 1/3]
1. The 1/3 value in the latter pattern is intermediate between 1/3 and 2/3 and
splits the mora, giving a ternary division 1:1.5:2, which is comparable to that
posited for breve, anceps, and longum. In the experiment, the patterns with the
175 valued intervals were not reproduced accurately either by subjects with
extensive musical training or by subjects having no musical training. The pat-
tern was not reanalyzed in terms of the nonoccurring lowest common denom-
inator /g,

In musical performance, dotted eighth notes tend to be lengthened and
dotted sixteenth notes to be shortened (Gabrielsson 1974); recategorization of
dotted notes was particularly associated with faster tempi (Clarke 1985). A
fairly rapid twelve-beat sequence divided unevenly (for instance, 22323) is
found in African lyrics (Jones 1964), and similar structures occur in Macedo-
nian and Bulgarian folk songs (Singer 1974; Pressing 1983); in such sequences
the divisions, as evidenced by hand clapping or the downward segment of
dance movements, fall at anisochronous intervals, but there is no unit inter-
mediate between one mora and two such as that posited by the anceps theory.

Despite the popularity enjoyed by the theory of anceps as a metrical ele-
ment, we find it difficult to believe that large tracts of Greek verse were writ-
ten in patterns using an element which the performer would have difficulty
generating and which the audience would have difficulty perceiving.

4 Feet10

4.1 Chunking
One of the best known and most fundamental characteristics of the human mind
is its drive to relate and organize the information it is processing. For instance,
subjects were presented with a list of sixty items belonging to four semantic

10§ 8t onpavopeda tov pubudv kai yvdpipov wotodpev i aicticel, modg éoty €lg
i mhelove évée. (Aristoxenus, ER 16P: “That by which we signal rhythm and render it
perceptible to the sense is the foot, either one or more than one.”) xai €61t puBude pev donep
eipnton obotpud L cuykeipevov £k TV modikdV xpéVEV Gv O pev dpoeag, 0 Ot
Baoewg, o 8t Shov moddg. (Psellus, Prolambanomena 8P: “Rhythm, as just stated, is a
system composed of podic temporal units, of which one is that of the arsis, another that of the
thesis, and another that of the whole foot.”) Tobg pév obv éott pépog 10D mavtdg pubuod
31’ 0D 10v Shov kotokapPavopev. (Aristides Quintilianus 1.14WI: “The foot is a part of
every thythm through which we comprehend the whole.”)



Experimental Psychology and Greek Verse 389

categories, e.g., animals, names, professions, and vegetables; the items in the
list were in random order; when asked to recall the items, subjects reproduced
them not in random order but in categorial clusters (Bousfield 1953). When a
list is learned incrementally, with items presented one at a time, recall starts in
the order of presentation, but after a few items have been presented, it is
restructured into semantically categorial clusters (Mandler & Dean 1969).
Categorial organization is not limited to relating items to each other at a single
level by classifying them into equipollent categories: categorial structure can
also be hierarchical. Recall was found to be better for a list of forty words
consisting of four supercategories each containing two categories of five items
each than for a list of forty words consisting of four categories of ten items
each (Cohen & Bousfield 1956).

In other tasks, particularly those using strings of digits or letters, the sub-
ject is required to remember not only the number and content of the items but
also their serial order; remembering telephone numbers is a comparable every-
day activity. Because the error patterns for order-only recall were different
from those for item-only recall, and because the former is independent of the
memory load for the latter, it has been assumed that the two types of infor-
mation are stored separately (Healy 1974, 1982). Nevertheless, changing order
information can be just as grave as changing item information (Johnson 1970).
The categories used to organize serial information are serial segments, or
chunks as they are called. Interest in chunking was stimulated by the observa-
tion that, while the capacity of short-term memory was notoriously limited, it
could be significantly increased if sequences of items were recoded into infor-
mationally richer chunks. Memory capacity then depended more on the num-
ber of chunks than on the total number of items in the sequence. For instance,
when subjects were trained to recode strings of ones and zeros into digits rep-
resenting two items each, e.g., 01—1, 1052, 11-3, recall improved even
more (Miller 1956). The tradeoff is that the recoding rules have to be learned
and used.

There are various indications that a sequence has been recoded into
chunks. After learning lists of twelve nonsense syllables that he organized into
six accentual trochees, the subject learned a reordered list with the original feet
preserved much more rapidly than one consisting of contiguous syllables across
the foot boundary, indicating that the syllables had been coded as nonsense
words (Mueller & Schumann 1894). A study of response times in alphabetic
retrieval found that subjects chunked the alphabet in the same way as it is
phrased in the alphabet songs taught in the nursery schools: they accessed the
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earlier items of a chunk more rapidly than later items; this differential access
suggests that a chunk exists and that it is unpacked from memory starting at the
beginning (Klahr et al. 1983). When asked if a pair of letters was part of a
previously memorized letter sequence, subjects answered more rapidly if both
letters belonged to the same chunk than if they straddled a chunk boundary
(Johnson 1978). Error patterns in recall are quite different for a chunked
sequence and an unstructured serially associated sequence. In the latter, errors
tend to cluster in the middle of a sequence; in the former they cluster at the
beginning of chunks. Recall of the first item of a chunk implies recall of the
following item in the same chunk more than recall of the last item in a chunk
implies recall of the first item of the following chunk (Johnson 1970). Error
probabilities at chunk seams are termed transition(al) error probabilities. Pause
patterns in spoken recall are another indication of chunking: when subjects
read and memorized groups of letters on file cards, in their spoken recall
pausing between groups was longer than pausing within groups both in
forward and in backward recitation of the list (McLean & Gregg 1967).
Conversely, subjects report perceiving pauses at the end of accentually dactylic
feet even though the stimuli were presented at a constant rate (Jones 1978).
Pause in auditory presentation and space in visual presentation can be used by
the experimenter to induce subjects to chunk a sequence in some particular
way. The resulting chunk organization is an intrinsic part of the learned
sequence: learning the letter sequence SBJ FQLZ was no faster for subjects
who had previously learned SB JFQ LZ than it was for subjects who had
previously learned an entirely different sequence (Johnson & Migdoll 1971).
Similarly, a second presentation of a string of digits with different grouping
was not recognized as a repetition of its earlier occurrence (Bower & Winzenz
1969); and the same effect was found with nonverbal material, namely,
minimelodies of five tones each (not in key) (Dowling 1973).

The optimum length for a chunk has also been studied.’! People find it
difficult to segment sequential information into chunks larger than three or
four items (Estes 1972); pausing patterns in free recall experiments also point
to chunks of three or four items (Broadbent 1975). When subjects were pre-
sented with a list of digits and instructed to rehearse them in groups of varying
sizes, recall improved as group size grew from one to two to three and deterio-
rated as it further increased to four and five; deterioration for groups larger

1100 ko’ abtdv 6 modg eic 10 mhéov 10D elpnpévov mAnbovg [sc. @V TeTTdpOV
&pBpdv] pepiletat. (Aristoxenus ER 19P: “A foot is not, eo ipso, divided into more than the
number of parts stated [sc. four].”)



Experimental Psychology and Greek Verse 391

than three affected serial order rather than item recall, suggesting that con-
straints on chunk size may be related to memory for order more than for item
(Wickelgren 1964, 1967). Another study found, on the basis of transition error
analysis, that four-item sequences were treated as single chunks by half the
subjects and as two chunks by the other half, and that five-item sequences were
almost invariably analyzed as either 2+3 or 3+2 (Johnson 1970).

4.2 Subjective rhythm

The letter and digit sequences that are used in many chunk studies are revealing
because there are few potentially confounding objective properties of the
stimulus to disturb the subject’s choice of chunk size or reaction to grouping
imposed by the experimenter. When the stimulus sequence is patterned, as it is
in verse, the properties of the pattern are a primary factor conditioning group-
ing. In fact, pattern induction is such a basic cognitive activity that we have a
propensity to look for and “find” patterns even when they are objectively not
there. When presented with randomly sequenced binary events, subjects behave
as though the stimuli were patterned and predict grouped subsequences of
events (Simon & Sumner 1968). Our perception of isochronous auditory events
having a frequency within the range of rhythmical perception tends not to be a
string of equipollent elements; rather, we have the impression that the sequence
is grouped into subsequences of two or three. The most familiar instance is the
tick-tock (not, significantly, tick-tick) of a clock. The tick tends to give the im-
pression of having greater intensity and less duration (“i” is often sound-sym-
bolic of the diminutive) and the tock of having greater duration or of being
followed by a longer silent interval, and the tick and the tock together give the
impression of forming a group that is separate from preceding and following
events. This perceptual characteristic may explain why alternating rhythm has
been found when subjects tap in time with an isochronous tone and continue
this synchronized tapping after the tone ceases. Finger taps produced under
these conditions are not strictly isochronous; rather, there is variation such that
longer taps tend to be either preceded or followed by shorter taps. This distri-
bution was explained as arising mainly from unintentional variability in the
motor execution of programmed isochrony (Wing & Kristofferson 1973a,
1973b; Wing 1980). Even though the variations in the motor execution of the
taps are independent of each other, they will produce a nonrandom pairing of
long-short or short-long taps in the following way. Two adjacent intertap in-
tervals are affected by three motor delays. The first at the beginning of the
first interval and the third at the end of the second interval are uncorrelated in
their respective effects, but the second motor delay has opposite but exactly
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equal effects on the two intervals: if it postpones the end of the first interval
longer than the average, it necessarily postpones the beginning of the second
longer than the average, and vice versa, so that longer intervals will be
followed by shorter ones and vice versa; i.e., adjacent intertap intervals will be
negatively correlated. Nonadjacent intertap intervals, however, not being af-
fected by any one motor delay in common, would be uncorrelated. However,
there is also an alternation in the force of the taps, and it has recently been
suggested that the isochronous tone stimuli are preceived as temporally and
accentually differentiated and, consequently, replicated with some degree of
alternating rhythm in production; alternating rhythm implies foot structure
(Nagasaki 1987a, 1987b, 1990). In experiments performed at the turn of the
century, subjects were presented with sequences of twelve nonsense syllables
and reproduced the sequence with stress on alternate syllables, grouping the
resulting feet into hemistichs. When they suppressed their tendency to impose
alternating rhythm on the sequence, the sequence had to be repeated twice as
many times in order to be learned accurately (Mueller & Schumann 1894). A
recent study of order permutation of sequences of visually presented nonsense
syllables also revealed foot structure (Gordon & Meyer 1987).

4.3 Iambic and trochaic foot structure

Up to this point, we have considered the grouping of random sequences like
letter sequences and the perceptual grouping of physically isochronous
sequences of identical stimuli. However, many temporal patterns are made up
of objectively differentiated repeating events. In an auditory pattern, the most
obvious differentiating properties are intensity, duration, and frequency (how
loud the sound is, how long it lasts, and what its pitch is). The relative con-
tribution of these three parameters to grouping has been studied experimentally
since the turn of the century. In one famous early experiment (Woodrow
1909), when subjects were presented with a regular series of sounds lasting 135
msec followed by a silent interval of 615 msec of which every alternate sound
had greater intensity, they uniformly perceived trochaic rhythm; that is, the
less intense sound was grouped with the more intense sound in such a way that
the less intense sound ended the foot. The next step in the experiment was to
increase gradually the duration of the silent interval following the more intense
sound and correspondingly decrease the duration of the silent interval
preceding the intense sound, thereby maintaining a constant clock measure for
the foot. For instance, instead of having 615 msec following each sound, you
would have 603 msec preceding and 627 msec following, or 547 msec
preceding and 683 msec following. As this was done, the perception of trochaic
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rhythm became progressively weaker until, passing through a neutral stage of
ambivalent grouping, it began to change into iambic rhythm. The intermediate
neutral stage was particularly interesting, because it could be used to measure
the degree of change in duration that was required to counterbalance the
contribution of any particular degree of intensity to the grouping of the
stimuli. The effect of varying the durations of the sounds and their following
silent intervals in the absence of any difference in intensity was also studied
both in this early experiment and in more recent ones. In general, the longer
the relative duration of the period from the onset of one tone to the onset of
the next, the more likely that longer element is to sound accented and to end
the group, that is, the greater the likelihood of iambic grouping. Starting with
an isochronous sequence generated from 50 msec tones followed by 50 msec
intervals, every second interval was gradually increased: subjects began to per-
ceive groups of tones ending in the longer interval but with a comparatively
weak accent on the first tone as soon as the longer interval exceeded the shorter
interval by 5-10%. When the longer interval was further increased, the per-
ceived grouping remained the same, but a strong accent was now reported on
the second tone of the group; it required a fairly robust increase in intensity (4
dB) on the first tone to counterbalance this accent on the second tone and
produce a perception of equal accents (Povel & Okkerman 1981).

Another interesting study (Vos 1977) varied both tone duration and silent
interval. Half of the subjects were professional musicians and half philologists
from the Department of Classics at the University of Nijmegen. The stimuli
were strings of thirty pure tones all having the same frequency and the same
intensity, except that the intensity was gradually increased from 0 dB to 40 dB
over the first two seconds to minimize the orientation effect (see below). The
first two tones and the first two following silent intervals were assigned
durations of either 80 msec (short) or 320 msec (long), and the resulting pat-
tern was repeated throughout the string. Subjects made a forced choice judg-
ment as to whether the string was trochaic or iambic. When one of the tones
was long and the other short, the long tone was judged prominent. When one
tone was long and the other short and their intervals were identical (320g¢
80s0), the string was judged iambic, i.e., the long tone was judged to end the
foot. But when the long tone was followed by the short interval and the short
tone by the long interval (320gp 80320), the string was judged trochaic: the
longer tone was prominent, but the longer interval demarcated the feet. When
both tones were short but one interval was long and the other short (80320
80g0), the tone followed by the longer interval was perceived as foot final and
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so the string was judged iambic. The staccato nature of many of these experi-
mental stimuli (as compared to the relatively legato prosody of speech, in
which nondemarcative periods of silence are associated only with the closure
portions of stop consonants) is very useful, since by uncoupling tone duration
from silent interval duration, it tends to confirm the idea that whereas the
strength of the signal cues the accent, the duration of the silent interval cues the
end of the group. Consequently, the grouping of temporal patterns into feet is
based on the gestalt principle of proximity (Koffka 1962) according to which
closely spaced elements are more likely to be grouped together than distantly
spaced elements as in the following visual pattern:

0o oo oo oo

When subjects were asked to tap groups of three or four taps, they
spontaneously separated the groups by pauses (Fraisse 1982). In another exper-
iment already described above, when subjects were instructed to produce pat-
terns described to them in terms of the number of taps per foot, they spon-
taneously used short intervals for foot internal taps and long intervals for foot
final taps (Essens & Povel 1985). In the synchronized tapping to an iso-
chronous tone described above, when the interval between tone onsets was in
the range 250-375 msec, the grouping was accentually alternating with the
accented element having longer duration; when the interval was in the range
200-250 msec, the grouping was accentually alternating with the unaccented
element having longer duration (Nagasaki 1987a). When subjects were asked to
synchronize taps with an isochronous series of sounds in which every other
sound had greater intensity, the intervals between the taps varied due to two
factors. The more intense sound induced a slightly longer interval, and this ef-
fect was considerably more robust when the series was perceived as having
iambic grouping: trochees were tapped with 484 msec for the more intense
sound and 452 msec for the less intense foot final sound, whereas iambs were
tapped with 432 msec for the less intense sound and 520 msec for the more
intense foot final sound (Fraisse 1956: 95).

It has also been suggested that foot demarcation in alternating rhythm is
reflected in differential electrical activity (evoked potentials) elicited in the
brain which can be recorded via electrodes placed on the scalp (care is needed
in the interpretation of these results). It was found that the amplitude of event
related potentials tended to decrease foot internally but to increase after a foot
boundary pause, possibly reflecting a recovery of sensitivity during the pause
period (Fraisse & Lavit 1986).



Experimental Psychology and Greek Verse 395

4.4 Orientation effect; run unity

In Greek, the difference between iambic and trochaic in the surface ratios of
breve to longum apparently does not reflect a difference in the definition of
either the metrical elements or the categories of linguistic syllable that can
implement them: longum is implemented by heavy syllables and breve by light
syllables in both iambic and trochaic verse, with the possible exception of the
occasional responsion of a first paeon sequence with a trochaic metron in
comedy, e.g., Wasps 1062-1093. Rather, the difference reflects properties of
demarcation that are implemented as the elements are processed for pro-
duction. It follows that, disregarding the effect of differences in the coin-
cidence of word boundary with foot boundary, the crucial distinction between
iambic and trochaic at the abstract pattern level must lie in how the pattern
starts. It is pointed out in a number of experimental studies (Woodrow 1909;
Fraisse & Oléron 1954; Handel & Yoder 1975; Povel & Okkerman 1981) that
the pattern structure initially presented to subjects can determine the outcome
of the analysis, and various strategies have been adopted to circumvent this
orientation effect, such as instructing subjects to try both rising and falling
rhythm or prefixing an extrametrical tone to the pattern. The orientation effect
was studied with patterns of nine High and Low tones, type HLHHHLLLL, pre-
sented in continually repeating sequence with an interonset interval of 333
msec; subjects were more likely to use the starting pattern as their perceived
pattern organization than any other analysis (Preusser et al. 1970). This orien-
tation effect was also critical when subjects were asked to classify Dutch recited
verses as iambic or trochaic (Loots 1980). One factor that can counteract the
orientation principle is the tendency for sequences of like events to be grouped
together: this is termed “run unity.” In patterns similar to those just described,
subjects rarely if ever analyzed the pattern as beginning in the middle of a
string of identical sounds (Royer & Garner 1970). In comparatively unpat-
terned strings of binary events like 110000110, errors clustered at the ends of
runs of like events, and recall depended on the number of runs in the sequence
rather than on the number of events, indicating that runs were coded as chunks
(Keller 1963). Run unity reflects a general gestalt principle that also applies to
visual patterns, as in the following:

L Bululy N Nulu) HROEOERERONQO
Versus

mpul N Eulel N | HOEOEONQO
When taken together, run unity and the orientation effect suggest that pattern

perception is a hypothesis testing activity that starts at the beginning of the
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stimulus and privileges hypotheses that do not require the pattern to start in the
middle of a foot. Once a hypothesis is chosen, it is coded into memory: con-
sequently, pattern violations are less serious at the beginning of a pattern than
internally. Disruptions to an isochronous tone sequence were more easily
detected when the disrupted sequence followed the regular sequence than when
it preceded (Bharucha & Pryor 1986). Line initial freedom is a well-known
property of verse. The initially chosen hypothesis can be discarded if later
information indicates it was inadequate.

In metrical patterns, run unity implies that a series of amphibrachs will
tend to be analyzed as dactyls or anapaests even if it begins with an
amphibrach, provided the amphibrachs are presented continuously, that is,
provided the amphibrach structure is not reinforced by demarcative pauses; the
initial amphibrach is interpreted as anacrustic. This ties in with what we know
about language and about Greek metre. Languages rarely if ever have amphi-
brach stress feet (Haraguchi 1991), and Greek does not have amphibrach
stichoi. Conversely, when the reiterated demarcative effect of word boundary
induces amphibrach grouping in dactylic, the result is a disfavored structure, as
in the notorious 1 8¢ xipotpav Etikte nvéovoav (Theogony 322) or the sound
symbolic adtig énerta nédovde (Odyssey 11.598). The amphibrachic pattern-
ing of the word boundaries (“pause”-induced grouping) obscures the dactylic
patterning of the syllable weights (run induced grouping). One study relevant
to this phenomenon took a repeating eight element sequence of alternating
tones such as HH LL HL HL; when pauses were inserted after even numbered
tones, i.e. at the run induced foot boundaries, subjects almost always recog-
nized the tonal pattern, but when pauses were inserted after every third ele-
ment, thereby splitting the feet, the tonal pattern was only correctly recognized
about half the time (Handel 1973).

4.5 Tempo

The grouping of tones into feet has been observed to depend on tempo in a
number of different studies (Bolton 1894; Fraisse 1956; Handel & Oshinsky
1981; Povel 1984); the faster the tempo, the more tones are grouped into a
foot.12 Tempo likewise affects the identification of the beat in music perception
(Madsen et al. 1986). When asked to tap to the perceived beat, musically

128109épovat St ol peifoveg n68eg 1dv Ehottdvav év 1@ ad1d yével dyoyfi. Eot 8t
Gyoyh pvBuod tédv ad1d Adye moddv katd néyeBog Srapopd (Fragmenta Neapolitana
15P: “In the same genus, the greater feet differ from the lesser in tempo. The tempo of a rhythm
is a difference in magnitude of feet which have the same ratio [sc. of arsis to thesis].”)
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trained subjects reacted to faster stimuli by tapping at half the presented rate
and to slower stimuli by tapping at double the presented rate (Duke 1987 re-
ported in Radocy & Boyle 1988). The processing of relatively rapid tempi
having intertap intervals of about 250 msec may involve different mechanisms
from the processing of slower tempi having intertap intervals of 500 or 1000
msec, since children younger than four years and a brain damaged subject syn-
chronized well with the former but not with the latter (Kohno et al. 1991);
speech syllables at ordinary speech rates fall into the former category.

5 Metron

There was already some indication in the letter chunking studies that subjects
were not confining their organization to a single level of coding. They not only
coded letter sequences into chunks, but could also recode chunks into
superchunks or subchunks. Transition error analysis for sequences like
NGVHSB showed that some subjects chunked this NG VHSB, while others split
the longer sequence into two chunks giving NG VH-SB (where the hyphen
marks the binary division of a chunk into subchunks) rather than into the
ternary structure NG VH SB with three equipollent chunks (Johnson 1970). In
another study, subjects induced structures like J XC-PM by learning a set of
rules for changing the order of structural units of the sequence; they were then
able to apply these rules effortlessly to a different sequence of letters, indi-
cating that they had correctly abstracted the hierarchical structure with its
metron organization (Keeney 1969). Subjects presented with continuous se-
quences of evenly spaced identical sounds grouped them not only into feet but
also into metra, and judged not only one sound in the foot to be stronger than
the other but also one foot in the metron to be stronger than the other
(Woodrow 1951). In rapid synchronized tapping at intertap durations below
200 msec, the grouping was into an accentually alternating metron with ac-
cented elements accorded longer duration, suggesting that at faster tempi feet
encompass more taps and are then binarily subdivided (Nagasaki 1987a). When
subjects tapped in time to a sequence of 6 isochronous tones in which the first
tone was either raised or lowered in pitch, the fifth and either the first or the
second intertap intervals were prolonged (Frangk et al. 1991). The evidence
cited in this section is sufficient to establish the metron as a structure available
for the processing of serial sequences in general, even if it is not as exhaus-
tively corroborated as the foot.
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6 Hemistich and stichos

The great potential power of multilevel hierarchical chunking was pointed out
in early theoretical analyses (Mandler 1967). A comparatively long and prima
facie complicated sequence can be generated by leaming a few rules for un-
packing progressively smaller superchunks. These rules can be considered as
more flexible, abstract, and “intelligent” than the simple and naive strategy of
associating a preceding item with a following one (Restle & Brown 1970). In
one experiment, a six—item alphabet consisting of a row of six lights was used
to present a 32-event sequence to subjects at a slow rate of about 4 seconds per
event:

12122323121223236565545465655454

This sequence is much less intimidating once one perceives its hierarchical
structure, which is that of a regular binarily branching tree, just like a tetra-
meter except that there are six elements rather than two,

12-12 23-23 | 12-12 23-23 || 65-65 54-54 | 65-65 54-54 ],

and, in fact, subjects were able to anticipate the pattern quite successfully
(Restle 1970). Such sequences are learned more easily and with fewer errors
than sequences that cannot be generated from a tree structure; and if such a
sequence contains at some point an individual item that cannot be generated
from a tree structure, that particular item will be difficult to learn and
responses will often smooth out the irregularity, particularly toward the end of
a subunit. Evidently, instead of storing each event sequentially in memory and
recalling an event on the basis of its association with the preceding event,
subjects encoded the sequence in terms of a few rules for iterating subpatterns
in a hierarchical structure, or, to use metrical terminology, for generating
metra out of feet, hemistichs out of metra, and stichoi out of hemistichs.
Furthermore, the error rate at the metron boundary was less than at the hemi-
stich boundary, and the error rate foot internally was the lowest of all: this
distribution of error rates (lower within any domain than across the boundary
between two such domains) indicates that subjects were using a hierarchical an-
alysis and not sequential association or random chunking which would not have
given rise to such a structured transition error distribution. One other result of
processing the information in this way is that one would not have a tendency to
produce sequences of thirty-one events or thirty-four events, as might be the
case if the sequence were generated by counting to thirty-two each time or by
chunking the sequence in a nonhierarchical sequential fashion. So the hier-
archical structure of metrical patterns is also an inbuilt safeguard against
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errors like nine-foot tetrameters, notwithstanding the odd inadequate experi-
mental subject or inscriptional poetaster.

The same tetrameter type structure was investigated with stimuli speeded
up so that each light came on for 300 msec followed by an interval of 300 msec
in the allegro presentation and 800 msec in the adagio presentation (Restle
1972). These intervals were then varied in such a way as to emphasize or to
counteract the hierarchical tree structure. Pattern induction was improved by
the former and hindered by the latter condition. Pauses improved pattern
induction by demarcating the constituent structure and not merely by providing
more time for processing, since rate of presentation was not critical. Hier-
archical interval differentiation was a little better than no differentiation at all
and much better than counter-hierarchical interval differentiation.

In finger tapping an eight-element sequence using the index and middle
fingers with alternating hands, subjects organized the sequence as a binarily
branching tree, since intertap intervals were greater between metra than be-
tween feet and greater between feet than foot internally (Rosenbaum et al.
1983); similar results were obtained with other tree structures and other finger
combinations (Collard & Povel 1982).

Concluding Remarks

What emerges quite clearly from the above review is that the structure of verse
patterns is not unique to verse at all, but reflects very general properities of the
psychological processing of patterns and particularly of rhythmical patterns.
This leaves unanswered a further question, namely: how does verse become
patterned? A simple preliminary hypothesis would be that the poet takes some
unpatterned raw material—language—and arranges it into patterns according
to basic general principles of pattern structure. Parts of the discussion above
have been cast in these terms in order to simplify the exposition. So we cannot
end without pointing out that such a hypothesis is deficient because it implicitly
assumes that language is unpatterned and only becomes patterned in verse. In
fact, language and speech themselves involve highly patterned prosodic struc-
tures. The more we find out about the prosody of Greek speech, the clearer it
is becoming that the constituents of verse structure—syllables, feet, metre,
hemistichs, stichoi—are simply more highly constrained, regularized or proto-
typical instances of prosodic constituents and domains that pre-exist in the
Greek language. Verse entails not the arrangement of language into non-lin-
guistic patterns but the constrained choice of the most regular instances of
prosodic patterns and structures that occur systematically and naturally in lan-
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guage. So in relating the information reviewed in this paper to verse structure,
we need to bear in mind that verse is not the creation of patterns out of lan-
guage but a regularization of the patterns in language.
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