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EFFECT O F  UNSTRESSED AFFIXES ON STRESS-BEAT 
LOCATION I N  SPEECH PRODUCTION AND PERCEPTION1 

ROBERT ALLEN FOX AND ILSE LEHISTE 

The Ohio State University 

Summary.-The present study examined the influence of unstressed pre- 
fixes and suffixes upon the location of stress-beats in the production and per- 
ception of stressed CVC syllables. Analysis indicates that the addition of an 
unstressed suffix produces a small stress-beat shift, while the addition of an 
unstressed prefix produces a much larger shift in the opposite direction. 

As is well known, listeners co~nmonly hear naturally spoken speech as 
rhythmical (Classe, 1939; Donovan & Darwin, 1979; Lehiste, 1973) .  How- 
ever, research attempting to discover the timing characteristics of speech has 
not observed strict regularity o r  isochrony between acoustically defined inter- 
vals. For example, in production tasks using English (usually classified as a 
"stress-timed" language) one often finds considerable durational variation 
among interstress intervals (Shen & Peterson, 1962; Bolinger, 1965; Lehiste, 
1973). 

Perceptual experiments have also shown that listeners' judgments of 
rhythmicity are not based upon equal intervals between the onset of acoustic 
energy of successive stressed syllables in  a sequences of speech cokens. Mor- 
ton, Marcus, and Frankish ( 1976) demonstrated that sequences of spoken 
digits were judged to be irregularly spaced when presented with regular, equal 
intervals becween acoustic energy onsets. W h e n  allonled to adjust the inter- 
vals between the digit onsets to make them sound regular, listeners introduced 
systematic deviations from strict isochrony. Fowler ( 1979) noted that listeners 
introduced precisely those acoustic deviations from isochrony found i n  the 
speech of talkers attempting to produce isochronous sequences of speech tokens. 

Given the performance of talkers and listeners, i t  is apparent that they 
are capable of focusing upon some aspect of speech when required t o  produce 
regular sequences of speech tokens or t o  make timing judgments o n  spoken 
utterances. Morton, et al. (1976)  introduced the term "perceptual center" or 

'Reprints of this article may be obtained from the first author at Speech and Hearing 
Science, 324 Derby Hall, 154 N Oval Mall, The Ohio State University. Earlier versions 
of this study were presented to the Montreal Symposium on Speech Recognition, July 
21-22, 1986 and to the 1986 Annual Convention of the American Speech-Language- 
Hearing Association, Detroit. MI. 20-24 November, 1986. This research was supported 
by Grant 1 R01 NS21121-01 from NINCDS, National Institutes of Health. A full list 
of the stimulus tokens used in the production experiment along with relevant means for 
the data are on file with Microfiche Publications, POB 3513, Grand Central Station, 
New York. NY 10017. Requesr Document NAPS-04513 and remit $11.05 for photo- 
copy or $4.00 for fiche. 
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"P-center" to reference that phenomenon in a word or syllable that must be 
regularly spaced in time with reference to other P-centers in a sequence of 
speech tokens for the sequence to sound regular. The P-center seems to cor- 
respond directly to the locus of the "stress-beatw-a term which is more com- 
monly used when describing the production of speech (Allen, 1972; Rapp, 
1971). Throughout this study the term stress-beat rather than P-center will 
be used, but in the present study these two terms will be considered to be 
synonymous. 

The stress-beat does not seem to correspond to any obvious, commonly 
measured acoustic event such as acoustic energy onset, acoustic energy peak, or 
vowel onset (Morton, et al., 1976; Tuller & Fowler, 1980; Marcus, 1981; Fowler 
& Tassinary, 1981). In addition, its location can be affected by the structural 
aspects of the speech tokens such as the duration of the initial consonant (Fow- 
ler, 1979, 1983; Fowler & Tassinary, 1981), the duration of the medial vowel 
(Fox & Lehiste, 1987; Marcus, 1981), and the duration of the final consonant 
(Fox & Lehiste, 1985; Marcus, 1981). The structure of the entire speech token 
seems to affect both the articulatory and perceptual location of its stress-beat. 

The present study is a continuation of this line of inquiry into the pho- 
netic factors that may contribute to the location of a speech token's stress-beat. 
The studies cited above have, for the most part, concentrated upon the location 
of stress-beats within monosyllabic, stressed tokens. To  what extent will the 
stress-beat location of a stressed syllable in either a production or perception 
task be affected by the addition of an unstressed affix (either prefix or suffix)? 

Method 
Talkers.-In the production experiment there were three American English 

talkers, two women, one man, who were paid for their participation. All three 
were undergraduates at the Ohio State University and had no known speech or 
hearing impairment. Although each of the talkers had participated in long 
series of rhythmic speech-production tasks, they were naive as to the purposes 
of this experiment. 

Stima1i.-The basic stimuli consisted of sets of seven-token sequences sim- 
ilar to those used by Fowler ( 1979), Fowler and Tassinary ( 1981), and Fox 
and Lehiste (1987). Each sequence was composed of seven identicaI speech 
tokens, many of which corresponded to real English words. The tokens were 
either stressed monosyllables-here called basic forms-or  affixed versions of 
these monosyllables which were 2 to 4 syllables in length. The basic forms in- 
cluded CV, CCV, CVC, CCVC, and CVCC syllables. Examples of these basic 
forms include do, vozu, new, ply, bzde, tack, base, b?0dd, press, tend, and port. 
The initial and final consonants of these basic forms included oral and nasal 
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stops, fricatives, and liquids, representing a wide range of segmental variation. 
The affixed formsz were constructed by adding an unstressed prefix (e.g., a-, 
con-/corn-, de-, be), an unstressed suffix (e.g., -er, -ing, -able), or both to a 
basic form. Altogether, 602 different tokens were constructed. The sequences 
were put into random order and presented to subjects on a CRT screen under 
the control of a PDP 11/23 computer. Only a single sequence appeared on 
the screen at a time. These sequences were pressnted in blocks of 50 (the 
final block had 52 sequences) and talkers had several minutes to relax between 
blocks of trials. 

Procedwe.-Talkers were instructed to read each 7-token sequence which 
appeared on the screen and to produce it in a rhythmic fashion in time to a 
metronome pulse. Talkers were asked to produce the individual stimulus 
tokens on the beat of the metronome pulse. This basic procedure is similar co 
that used by Fowler ( 1979) and colleagues (Fowler & Tass inq ,  1981; 
Fox & Lehiste, 1987). The metronome pulse was a 1000-Hz square wave 
100 msec. in duration and it occurred every 1000 msec. The talkers heard the 
metronome pulse continuously throughout the experimental session. A subject 
was allowed to repeat the sequence until satisfied with its production. 
After the successful completion of a trial, the talker hit the return key on the 
terminal which replaced the old sequence with the next one. Intersequence 
intervals were self-timed but averaged 2 sec. in duration. The tokens were 
recorded using a high-quality stereo cassette recorder (Sony TC-FX705) with 
a condenser microphone (Sony ECM-170) while the talker sat in an IAC sound- 
conditioned booth. The experiment was approximately 2 hr. duration, includ- 
ing a 15-min. break midway through the session. 

Measuremmzs.-For each different basic form, an acoustically defined 
point in the stressed syllable was selected which would, presumably, not change 
its basic nature when prefixes and/or suffixes were added. These points in- 
cluded stop consonant release in those stressed syllables beginning with a stop 
or affricate (e.g., do, bide, pore, tone, broad, just) and onset of the medial 
vowel (defined in terms of the onset of measurable periodic energy) in those 
syllables beginning with a fricative (e.g., cede, seal). The onset of this meas- 
urement point relative to the onset of the metronome pulse was determined for 
each token (this value was positive if the onset of the measurement point oc- 
curred after the metronome pulse onset and negative if it occurred before). 
Of interest in this study is whether the occurrence of these measurement points 
in the stressed syllable, relative to the metronome pulse, shifts as a function of 

Wote that the term "affixed" is not used here in its strict linguistic sense. Rather, it 
refers to the addition of a commonly occurring, unstressed syllable to a stressed syllable 
without violating English phonotactic rules. It does not necessarily involve derivational 
oc inflectional processes. This study is primarily concerned with the (phonetic) effect 
of unstressed syllables on the stress-beat location of English words regardless of the 
morphological status of the additional unstressed syllable. 
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adding unstressed prefixes or suffixes. Note that the implicit assumption in 
the production task (as used here and by other researchers as well) is that the 
talkers align the stress-beat of the produced token at some undefined, but pre- 
sumably constant, offset from the timing pulse. The onset of the timing pulse 
indicates the relative location of the stress-beat. It is further assumed that, if 
the relative position of the measurement point of a stressed syllable shifts as 
a function of affixation, it will indicate a concomitant shift in the stressed syl- 
lable's stress-beat location. Note thac this circuitous method of ascertaining 
stress-beat location shifts is necessary simply because no researcher has been 
able to identify any single acoustic event which is always correlated with the 
stress-beat location. 

Reszlks and Disczcssion 

Since the location of the acoustically defined measurement points differs 
considerably across the various basic forms (which may begin with a variety of 
phonetic segments), it makes little sense to compare them directly across all 
affix conditions. However, if we take the location of rhe measurement point 
in the basic form as a baseline location, we can calculate the shift of the meas- 
urement point, compared to that of the basic form, for all affixed versions of 
each basic form. The normalized measzcrement-poiltt shift of an affixed form 
was defined as the difference between the mean onset of the measurement point 
of the affixed token and the mean onset of the measurement point of the basic 
token: 

The normalized measurement point shift then defined indicates the average 
shift of the measurement-point of each affixed token, compared to its own 
basic, monosyllabic form. These shifts can be compared across the different 
basic forms. 

The mean normalized measurement-point shifts obtained in the produc- 
tion experiment for those tokens which were prefixed with the unstressed syl- 
lables d-, de-, and con-, averaged across the three talkers, are shown in Table 1. 
Positive numbers indicate a shift of the measurement-point in the affixed 
form to a position later than thac of the basic form, negative numbers indicate 
a shift to an earlier position. Note thac the shift of the hypothetical stress-beat 
location is in the opposite direction to the shift of the measurement-point. 
For example, if the measurement-point shifts to a later point, relative to the 
basic form, we assume that the stress-beat location has shifted to an earlier 
point in the affixed token as compared to its unaffixed form. 

Although only of borderline significance in each case ( p  < .08, using 
1-tailed t-tests and Wilcoxon's test), there was a small mean negative shift of 
the measurement points in the suffixed forms compared to the unsuffixed 
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TABLE 1 
MEAN NORMALIZED MEASUREMENT-POINT SHIFTS FOR 

WORDS PREFIXED WITH a-, de-, AND con 

Suffix 
None -er -ing -able 

a- N o  prefix M 0.0 -3.7 -2.9 -5.9 
SD 0.0 53.6 47.9 47.4 

Prefixed M 26.6 
SD 62.6 

de- N o  prefix M 0.0 
SD 0.0 

Prefixed M 34.7 
SD 66.3 

con- N o  prefix M 0.0 
SD 0.0 

Prefixed M 86.3 
SD 68.7 

Mean N o  prefix M 0.0 
SD 0.0 

Prefixed M 36.0 
SD 66.7 63.2 69.0 

Note.-Mean shifts for the unaffixed basic forms (in terms of the normalized data) are 
zero, by definition. Measurements from tokens in sequential positions 1 and 7 were not 
used in calculating the means. All values are in msec. 

forms. This indicates that the location of the stress beat in a stressed syllable 
may occur later in the token when additional phonetic elements are appended. 
This result is consistent with the relevant data in the literamre demonstrating 
that increasing the duration of a monosyllable's medial vowel and/or final 
consonant may shift its stress-beat to a later position (Fox & Lehiste, 1985, 
1987; Marcus, 1981; Smith & Fowler, 1984). 

There was a much larger normalized measurement-point shift in the op- 
posite direction when tokens had an unstressed prefix. All these shifts were 
significant at the .001 level (2-tailed t tests). This indicated that the addition 
of an unstressed prefix shifted the stress-beat location of the stressed syllable 
to an earlier point. It is interesting to note that the a-, de-, and con- prefixes 
produced progressively greater shifts of the location of the stress-beat, respec- 
tively. This is most likely explained by the fact that although all three prefixes 
can be considered "unstressed," they are really not all unstressed to the same 
degree. The a- prefix usually has the least stress and the con- prefix the most. 

So these data may be examined globally in terms of the relative con- 
tribution of prefix, suffix, and the prefiv by suffix interaction, analysis of 
variance was done on a subset of these data, namely, those tokens containing 
basic forms which were prefixed by a- and which began with an initial stop 
(and so shared the same measurement point, i.e., stopclosure release). This 
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selection of data was done so that raw measurement-point data could be used 
rather than those for the normalized measurement-point shift (which would 
have contained a cell of data whose mean and variance were zero). An addi- 
tional consideration in restricting the over-all analysis of the data in this way 
was that the number of basic tokens prefixed by a- ( n  = 29) beginning with 
a stop was much greater than the number of tokens prefixed by either de- ( n  
= 8) or con- ( n  = 6) .  This would have produced an extremely unbalanced 
design. 

The mean measurement-points of these data, averaged across subjects and 
basic forms, are shown in Table 2. 

TABLE 2 
MEAN ONSET OF INITIAL STOP RELEASE OF STRESSED SYLLABLES RELATIVE 

TO ONSET OF TIMING PULSE FOR TOKENS APPEARING WITH a-PREFIXES 
AND BEGINNING WITH A STOP CONSONANT 

Suffix 
None -er -i ng M SD 

M SD M SD M SD 
N o  Prefix -31.6 45.3 -39.1 46.7 -36.3 50.0 -38.7 47.3 
Prefixed 3.1 57.7 1.2 43.8 -13.7 61.3 -3.2 55.5 
Mean -14.3 54.6 -18.9 45.6 -25.0 56.8 -19.4 53.8 
Note.-Measurements from tokens in sequential positions 1 and 7 were not used in cal- 
culating the means. Means are based on  29 basic forms. 

A two-way repeated-measures analysis of variance with the factors prefix 
and suffix was done. The results show a significant main effect for prefix 
(F1.28 = 34.2, p < .001), a marginally significant main effect for suffix 
(F2,n.g = 2.28, P = .05), but no significant interaction of prefix by suffix 
(F2,28 < 1.00). 

These results suggest that, although talkers are generally aligning the 
stressed syllable of the tokens with the onset of the timing pulse, as one would 
expect in a stress-timed language, the precise location of the stress-beat in 
these stressed syllables (as determined by acoustic measures3) can be affected 
by the addition of either an unstressed suffix or an unstressed prefix. The 
effects of such affixes on stress-beat location seem to be additive and inde- 
pendent of each other. In addition, the prefix seems to shift the stress-beat 
differentially, as a function of its degree of stress. 

'There are at least two different views as to the relationship between P-centers and acoustic 
information and/or articulatory timing. Fowler (1979, 1983, personal communication) 
and her colleagues suggest that the P-center may be specified by acoustic information 
but that the relevant acoustic information is necessarily about aiticulatory timing. A 
different view suggests that P-centers are specified by the nature of the acoustic infor- 
mation alone, with no necessary reference to the articulatory gesture which produced it. 
The present data do not provide information critical to this question, but Fowler's view- 
point is extremely attractive in terms of linking perception of rhythm with its articulatory 
counterparts. 
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These results are in general agreement with the relevant data on stress- 
beats (and P-centers). For example, the discovery that addition of an un- 
stressed suffix can shift the stress-beat to a later position is compatible with 
the data demonstrating that increasing the duration of postconsonantal vowels 
and syllable-final consonants can produce similar shifts in stressed CVC mono- 
syllables (Marcus, 1981). The discovery that an unstressed prefix can pro- 
duce a much stronger shift of the stress-beat ( to  an earlier position) is con- 
sistent with similar known asymmetries in the stress-beat data. For example, 
both Marcus (1981) and Cooper, et al. (1986) have shown that the duration 
of syllable-initial consonants affect the stress beat of a stressed monosyllable 
to a much greater extent than does the duration of subsequent segments. The 
present data extend these findings and show that this effect can be obtained 
across syllable boundaries and is not purely a function of the phonetic structure 
of the stressed syllable alone. Any account of stress-beat location must take 
into account the phonetic and/or structure of not only the stressed syllable it- 
self but the nature of the entire word-this is true even though part of the 
word may be contained in a different metric foot (Abercrombie, 1964; Lehiste, 
1973). In addition, this account must adopt something like Marcus's (1981) 
differential weighting factors to allow phonetic material preceding the onset 
of the stressed vowel to affect stress-beat location more than the duration of 
the stressed vowel itself or ensuring phonetic elements. 

A perceptual experiment was designed to determine whether unstressed 
affixes have the same effect upon stress-beat location in a perceptual task as 
they do in a production task. 

Method 

Listeners.-There were 19 American English listeners with no known 
speech or hearing impairment. They were naive as to the nature of the study 
and received $2.50 for their participation. 

Stimuli.-There were six different speech tokens: peal,  peal^) pealing, 
nppeal, a#pealer, and appealing. These tokens were produced by a male talker 
(RAF) and recorded using a high-quality cassette recorder (Sony TC-FX705) 
with a condenser microphone (Sony ECM-170) while the talker sat in an IAC 
sound-conditioned booth. These tokens were low-pass filtered at 5 kHz, dig- 
itally sampled at 10 kHz by a PDP 11/23 computer with 12-bit resolution, 
and stored on disc. The tokens were then edited using the ILS waveform 
analysis and editing program so that the same unstressed a- ( [a]) syllable oc- 
curred as che prefix in the appeal afpealer, and appealing tokens. In addition, 
the consonant closure of the intervocalic [pb] was the same duration (100 
rnsec.) for all prefixed tokens. These edited tokens were converted to analog 
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form at a 10-kHz sampling rate, low-pass filtered at 5 kHz, and recorded by a 
high-quality cassette recorder ( Sony TC-FX705 ) . 

Procedure.-The experimental procedure was based on that used by Hal- 
pern and Darwin ( 1982), as modified by Fox and Lehiste ( 1987). This p r e  
cedure was designed to estimate the onset-to-onset interval necessary for a 
series of tokens to be perceived as occurring at regular (i.e., isochronous) in- 
tervals. During each experimental trial a listener heard four tokens. The first 
three tokens were always peal while the fourth token was peal (a set of ho- 
mogeneous tokens) or one of its affixed counterparts ( a  set of heterogeneous 
tokens). On each trial, the onset-to-onset intervals between the first and 
second, and the second and third tokens were 850 msec. The onset-to-onset 
interval between the third and fourth tokens varied from trial to trial. This 
variable interval ranged in duration from 650 to 1050, in increments of 50 
msec. for a total of nine different intervals. An onset-to-onset interval of 850 
msec., of course, represented acoustic energy onset isochrony for all four tokens. 
Three examples of each of the six stimulus tokens at each of the 9 onset-to- 
onset intervals were presented in random order to the listeners for a total of 
152 trials. 

For each trial listeners were required to listen to the four tokens presented 
in sequence and were required to respond whether the stressed syllable in the 
final token occurred "too early" or "too late" for the sequence to sound "regular 
and rhythmic." Responses of "don't know" or "just right" were not permitted. 
The experiment was approximately 30 min. in duration. 

Results 

The response data for each stimulus token are shown in Table 3. These 
data were collapsed over listeners and psychometric functions were derived for 

TABLE 3 
NUMBER OF "TOO EARLY" RESPONSES FOR SIX STIMULUS TOKENS 

COLLAPSED ACROSS ALL 19 LISTENERS 

Onset-to- Tokens 
onset peal pealer pealing appeal appealer appealing 

Interval 

650 44 44 42 55 50 5 1 
700 47 34 32 5 2 5 2 52 
750 3 1 33 30 51 5 0 47 
800 32 26 26 46 46 48 
850 29 25 14 5 1 45 48 
900 12 22 9 45 46 51 
950 8 16 9 40 43 41  
1000 7 6 8 34 34 29 
1050 4 3 4 30 30 34 

Note.-The nine onset-to-onset intervals are in msec. The maximum number of "too 
early" responses for each interval is 57. 



STRESS BEATS AND UNSTRESSED AFFIXES 43 

each token by plotting the number of sequences in which the fourth token 
was judged as "too early" as a function of the onset-to-onset interval. These 
response data were then submitted to probit analysis (Ray, 1982) which fitted 
a normal ogive to each different function. The means of the fitted distribu- 
tions were then calculated for each of the six stimulus tokens. The means 
for peal, pealer, pealing, appeal, appealer, and appealing were 805, 792, 752, 
1079, 1117, and 1126 msec., respectively. These means represent an estimate of 
the onset-to-onset interval between the third and fourth tokens which is re- 
quired for a given stimulus token to be perceived as isochronous with the first 
three tokens i.e., the onset-to-onset interval which would produce an equal 
number of "too early" and "too late" responses. 

The obtained data were also analyzed using a repeated-measures analysis 
of variance with the factors prefix by suffix using the number of "too early" 
responses as the dependent variable. The analysis showed a significant main 
effect of prefix (F1,DO = 180.0, p < .001) but the main effect of suffix 
(F2,Do < 1.00) and the interaction of prefix by suffix (Fnrao  < 1.00) were 
not significant. 

These results are compatible with the production data, that is, the addi- 
tion of an unstressed prefix significantly affected the location of a token's 
perceived stress-beat. In particular, the difference in the estimated onset-to- 
onset interval duration needed to produce percepcual isochrony increased by 
approximately 250 msec. when the unstressed prefix was added. The effect 
of the suffix upon listeners' judgments was nonsignificant. In general these 
data support the contention that speech rhythm in a stress-timed language like 
English, in both production and perception, cannot be predicted strictly on the 
basis of the acoustic energy of the stressed syllable. Rather, it must be de- 
termined by the structure of the entire token, with unstressed prefixes playing 
an especially strong role. Further research is necessary to determine whether 
phonetic structure, acoustic structure and/or the onset/rhyme distinction afford 
better predictions of the stress-beat location. 
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