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

This paper investigates the acquisition of compound vs. phrasal stress

(hoU t dog vs. hot doU g) in English. This has previously been shown to be

acquired quite late, in contrast to recent research showing that infants

both perceive and prefer rhythmic patterns in their own language.

Subjects ( children in four groups the averages ages of which are  ;,

 ;,  ; and  ; and  adults) were shown pairs of pictures represent-

ing a compound word and the corresponding phrase. They heard a

prerecorded tape with the names of the items, and were asked to indicate

which one they heard. In addition to  real compounds and cor-

responding phrases,  novel compounds were presented (reUdcup¯
invented type of flower vs. red cuU p). A gradual increase in overall correct

scores until age twelve was found along with a significant effect of real

vs. novel compounds (p!±), and an overwhelming tendency for the

younger children to prefer compounds regardless of stress. We conclude

that the results are due to the slow development of the ability to use

prosodic information to override a strong lexical bias.



With regard to the acquisition of prosody, in particular linguistic rhythm, we

find an intriguing discrepancy in the literature. On the one hand, it has been

[*] An earlier version of this paper was presented at the VIIIth International Congress for the

Study of Child Language in San Sebastian, Spain. We are grateful to the participants of

the Congress for their helpful discussion. In addition, we would like to thank two

anonymous referees for their insightful comments. Address for correspondence: Irene

Vogel, Department of Linguistics, University of Delaware,  East Delaware Ave.,

Newark DE -, USA. e-mail : ivogel!udel.edu
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reported that infants not only perceive differences in rhythmic patterns, but

that they show preferences for those in use in their own language (Spring &

Dale,  ; Jusczyk & Thompson,  ; Mehler et al.,  ; Jusczyk et al.,

 ; Mandel et al.,  ; Sansavini et al., , etc.). On the other hand,

it has been reported by Atkinson-King () that children under the age of

twelve years are not able to use rhythmic information to distinguish between

compounds and phrases in English, where the only difference is in the stress

pattern (e.g. hoU t dog vs. hot doU g, respectively). Similar late patterns of

development have also been documented for different prosodic structures in

Dutch (Vogel & van der Flier, , among others) and British English

(Cruttenden, ).

Some of the discrepancy is immediately accounted for by the fact that the

infant studies only test the physiological ability to discriminate between

different rhythmic patterns, while the other studies investigate the contrastive

use of prosodic patterns. The contrastive use of prosodic patterns cannot

develop until the requisite cognitive maturation and knowledge of grammar

have been obtained.

In contrast with the perception facts, children generally seem to produce

words with primary stress in the correct location as soon as they begin

speaking, even if they omit some of the syllables of a word (e.g. naU na for

banaU na). Furthermore, it seems that children are able to produce novel

compounds with the appropriate compound stress pattern by age two (Clark,

Gelman & Lane, ). It also appears that children do not consistently make

errors in phrasal stress, though systematic research would be needed to verify

this. In fact, the rare inaccuracies in stress placement observed in young

children speaking English, Spanish and other languages appear to be due to

factors such as focusing on difficult sounds in a normally unstressed syllable,

rather than the inability to perceive or produce the appropriate stress

patterns (cf. Hochberg,  and references therein).

This paper addresses the question of why it takes children so long to fully

acquire the prosodic patterns of their language, in particular, the rhythmic

differences between compound stress and phrasal stress in English. First we

present some background on the relevant stress patterns of English and

previous perception studies of the contrastive use of prosody. We then

discuss the experiment we conducted modeled on that of Atkinson-King,

though with some substantive modifications. While our findings replicate

Atkinson-King’s overall late developmental pattern, the modifications that

we have made in the experimental design provide further insight into

uninvestigated trends present in Atkinson-King’s data. On the basis of our

findings, we develop a model for the acquisition of the stress patterns in

question. We propose that the reason the ability to distinguish between the

stress patterns in question takes so long to acquire, in contrast with lexical

stress, is that it requires the acquisition of higher level phonological





    .  

constituents. While the acquisition of lexical stress only requires the notion

of Phonological Word, as does the acquisition of most segmental phonology,

we propose that the constituents that must be acquired for Compound and

Phrasal stress are the Clitic Group and the Phonological Phrase, respectively.

   

Stress and prosodic constituents

In order to fully understand the acquisition of stress it is necessary to clearly

identify the object of study. We suggest that one of the reasons for conflicting

views on whether stress is acquired early or late is that stress is viewed as a

single phenomenon, while in fact, there are several types of stress that must

be distinguished. First, as mentioned above, we must distinguish between

the purely acoustic aspects of stress and the contrastive use of stress. From

the acoustic perspective, stress consists of particular patterns of pitch,

duration and loudness, but sensitivity to such patterns does not necessarily

mean that one associates a specific meaning with a given acoustic pattern. On

the other hand, stress may be used contrastively in language to distinguish

meanings, as phonemes do at the segmental level. Acquisition of this

contrastive use of stress requires precisely that one associate a specific

meaning with a given acoustic (stress) pattern.

Limiting our attention here to contrastive uses of stress, we must next

distinguish among different types of meaning conveyed by stress. Restricting

ourselves to neutral stress patterns (i.e. those without special emphasis or

expressive value), we can identify two types of meaning that can be conveyed

by stress in English: a) differences between individual words and b)

differences between compound words and phrases. The former accounts for

distinctions such as coU nvict (N) vs. convıUct (V). The latter accounts for

distinctions such as hoU t dog (type of food) vs. hot doU g (hot canine). These

stress patterns are represented graphically in terms of the metrical grids in ()

and () below. The grid marks (x) at the lowest level in the grids demarcate

each syllable. At the next higher grid level, a grid mark appears only on those

syllables that bear main word stress. In (), we show additional levels

corresponding to the compound and the phrase. In each case, the grid mark

at the indicated level represents additional prominence on the corresponding

syllable.

() Word Stress

word ¬ ¬
syllable ¬ ¬ ¬ ¬

con vict (N) con vict (V)
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() Compound Stress vs. Phrasal Stress

compound ¬ phrase ¬
word ¬ ¬ word ¬ ¬
syllable ¬ ¬ syllable ¬ ¬

hot dog (compound) hot dog (phrase)

It should be noted that only Word Stress correlates with vowel quality

differences; Compound and Phrasal Stress leave the vowel quality de-

termined at the word level essentially unchanged."

Each of the three types of stress under consideration here is assigned by

different principles, and we, therefore, assume that each is associated with a

different constituent in the prosodic hierarchy as shown in () (cf. Nespor &

Vogel, ).

() a. Word Stress: Phonological Word (PW)

b. Compound Stress: Clitic Group (CG)

c. Phrasal Stress: Phonological Phrase (PPh)

Word Stress in English is either listed in the lexicon or assigned by a fairly

complex set of rules along the lines of those in the Sound Pattern of English

(Chomsky & Halle, ). We assume that the domain of this type of stress

is the Phonological Word, the constituent that includes the root of a word and

any affixes that participate in stress assignment, that is, those traditionally

identified as­boundary or level  affixes. Given the complexity of English

word stress, it is most likely acquired as part of each lexical item, though

eventually generalizations may be extracted and represented as rules.

By contrast, both Compound Stress and Phrasal Stress follow very simple

patterns in English. In fact, Phrasal Stress appears to be determined on the

basis of universal principles. As noted in Nespor & Vogel (), prominence

is assigned at the right edge of the PPh in right branching, or SVO, languages

such as English and Italian, while it is assigned at the left edge in left

branching, or SOV, languages such as Japanese and Turkish. Since phrasal

stress correlates with another, independently defined, parameter of language,

it essentially ‘comes for free’ in language acquisition; once a child acquires

the basic word order of his}her language, s}he also knows how to assign

phrasal stress.#

[] In fact, there are often additional allophonic differences associated with differences in the

placement of primary word stress. For example, in comparing aU tom and atoUmic, in

addition to the stress difference, we find: a full vs. a reduced vowel in the first and second

syllables, and a flap vs. an aspirated alveolar stop in the second syllable.

[] An alternative view is that the difference in stress patterns is precisely what helps babies

identify the basic word order of their language and thus is a means of ‘bootstrapping’ (cf.

Cristophe et al., ). It is not clear, however, what type of empirical evidence could

distinguish between the two views, so at this point, the choice depends on more general

theoretical preferences. What is relevant here is the existence of a relationship between

word order and phrasal stress, regardless of its direction.


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Compound stress is assigned differently from both word level stress and

phrase level stress. It is rule governed, but it is not predictable from other

characteristics of a language. In English, stress is assigned to the first

member of a compound (e.g. dıUsh washer), but this is not true in all SVO

languages.$ For example, in Italian, another SVO language, it is assigned to

the last member of a compound (e.g. lava piaU tti ‘dish washer’). We are

assuming that the domain that includes the two (or more) members of a

compound is the Clitic Group since stress cannot be assigned to compounds

at either the PW or the PPh level given that there are different stress

assignment rules operating at each of these levels. Thus, from a theoretical

perspective, what must be learned in order for a speaker to distinguish

between compound and phrasal stress is the identity of the Clitic Group and

the principles that assign stress at this level in a particular language.

Acquisition of contrastive stress

The acquisition of word stress in English has received little attention since it

seems that children do not regularly make mistakes either in its production

or perception. That is, there is no analogue to common segmental substitu-

tions such as the use of [d] for [\] or [t] for [k].

Nor is there evidence that pairs such as reU cord}recoU rd are misunderstood

because of their stress pattern. Furthermore, while children between one and

five years of age produce significant numbers of slips of the tongue involving

individual segments, indicating the existence and manipulability of in-

dividual segments, slips of the tongue involving stress or intonation are

extremely rare in the same children’s speech. At least in a corpus collected by

Jaeger (, to appear) they do not appear at all until age four, and then

account for no more than % of all the slips of the tongue. Indeed, in an

analogous adult corpus, such slips of the tongue are rare as well, only

accounting for % of all slips (Jaeger, , to appear). Thus, it seems that

at least at the word level, English-speaking children acquire the necessary

stress patterns as they master their vocabulary. By the same token, it appears

that adult English speakers store the stress pattern of a word as part of its

lexical representation.

At first glance, it would appear to be the same for compound and phrasal

stress. As mentioned above, it has been reported that even before two years

of age children productively create compounds and appropriately stress the

first word (Clark et al., ). The paucity of research on the acquisition of

phrasal stress might be taken as an indication that children do not seem to

make substantial errors in this realm either. A study by Wieman (),

however, indicates that the acquisition of both compound and phrasal stress

[] Actually, stress also occasionally occurs on the second word of compounds in English (e.g.

Italian AmeU rican), but stress on the first syllable is by far the more widespread pattern.


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may be a bit less straightforward than appears at first glance. In two word

utterances, it was found that ‘the semantic relations being expressed by the

child are more important to his stress assignment than are any adult-type

syntactic category labels …’ (p. ). In fact, there appears to be a stress

hierarchy, whereby locatives and possessives are the most likely items to be

stressed (e.g. play museUum, raU bbit house), followed in decreasing order by

objective, attributive, verbal and agentive elements. New information also

was found to be stressed, and thus could cause the general pattern to be

overridden (e.g. seU e marble, when a missing marble was surprisingly found)

(p. ). In most compounds in English, including those discussed in Clark

et al., the new information is provided by the first member. Thus, the fact

that compounds have been found to be produced correctly by two-year-olds

may actually be a reflection of the tendency to stress new information, rather

than an indication that the children have mastered the stress pattern of

compounds per se.

In any case, Atkinson-King’s () study seems to be in conflict with

claims that stress is mastered very early, finding that children are not able to

use a difference in stress patterns to perceptually distinguish between

compounds and phrases until age twelve. That is, while children may be able

to produce compounds with initial stress (hoU t dog) and phrases with final

stress (hot doU g) by age two, when presented with these different stress

patterns, it takes many more years before they can reliably identify the

corresponding compound}phrasal meaning. Given pictures of a ‘food item’

and a ‘hot canine’, as in Figure , Atkinson-King reported that four-year-

hót dog hot dóg

Fig. . hoU t dog (compound) vs. hot doU g (phrase).

olds randomly chose either picture, whether they heard a stimulus with stress

on the first word (hoU t dog) or a stimulus with stress on the final word (hot doU g).
Beyond that, Atkinson-King found a gradual increase in the children’s scores

with age, with subject groups consisting of children aged four, six, eight, ten


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and twelve. Only the twelve-year-olds scored close to %, as did the adult

subjects.

While it may be surprising that the ability to distinguish between

compound and phrasal stress is acquired so late, this pattern is consistent

with two other studies investigating children’s ability to use prosodic

information to disambiguate different types of structures.% It is reported that

in Dutch another type of contrast that is signalled only prosodically also takes

until age twelve to be acquired (Vogel et al.,  ; Vogel & van der Flier,

 ; Bol & van der Flier, ). In the Dutch study, sixty-seven children

between four and twelve years and eight adults were asked to distinguish

between the two meanings of sentences such as those in ().

() Ambiguous Dutch sentence

a. Wie ‘helpt de man? Whom is the man helping?

Who helps the man (Wie¯object; de man¯ subject)

b. Wie helpt de ‘man? Who is helping the man?

Who helps the man (Wie¯ subject; de man¯object)

The two meanings of such sentences are distinguished by the position of the

main sentence accent, indicated by the accent marks in (). When the accent

falls on the verb (helpt ‘helps’ in this case), we get the meaning in (a), in

which wie ‘whom’ is the object; when the accent falls on the noun (man

‘man’), we get the meaning in (b), in which wie ‘who’ is the subject.

As in the study of the two stress patterns in English, the Dutch children

were asked to indicate which of two pictures corresponded to the stimulus

they heard. For example, in the case of the sentences in (), they saw a picture

of a man helping a woman up from the ground for (a), and a picture of a

woman helping a man up from the ground for (b). In this study, it seemed

that the youngest subjects responded without regard for the stress pattern.

Various response patterns were observed in subsequent age groups until,

finally around age twelve, the subjects performed at close to %, as did the

adults.

Similarly, Cruttenden () reported that it was only after age ten that

British children could listen to the first portion of a football match report on

the news and determine which team had won on the basis of the intonation

pattern – before the scores were actually announced. Depending on the

prosody of the material preceding the second score as in Everton � Liver-

pool …, adults can predict with complete accuracy whether Liverpool beat

[] We are grateful to an anonymous referee who pointed out that there appears to be a related

discrepancy in the development of another prosodic phenomenon, tone. While lexical tone

appears to be acquired early, along with individual lexical items, more complex tonal

rules, including Tone Sandhi, appear to be mastered a number of years later (cf. Tse,

 ; Clumeck, , and Erbaugh,  for Chinese, Tuaycharoen,  for Thai,

Demuth, , , ,  for Sesotho).


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Everton, lost to Everton or tied with Everton. When twenty-eight boys

between seven and ten years of age were asked to predict the football scores,

however, they were unable to do so. ‘ [A]t age  at least  percent of children

show nothing approaching complete competence’ (Cruttenden,  :).

Such results, combined with the early ability of children to produce the

compound vs. phrasal stress patterns under investigation here raise intriguing

questions as to why there should be such a large discrepancy between the

production and perception of prosody, and why the perceptual ability

appears to develop so late.& To investigate these questions, we conducted the

experiment described in the next section. This experiment, based on that of

Atkinson-King, was designed both to determine whether we would get

similar results, and to gain further insight into the development of prosody,

in particular, linguistic stress.



Experimental design

Following Atkinson-King, our study consisted of minimal pairs differing

only in their stress pattern: compound vs. phrasal. Subjects heard one or the

wét screw wet scréw

Fig. . weU t screw (compound) vs. wet screUw (phrase).

other item pronounced and had to indicate which of two pictures correspon-

ded to what they heard. While Atkinson-King used only real compounds and

their corresponding phrases, we introduced some novel compounds and their

[] Further contributing to the intriguing nature of the issue is Ashby’s () anecdotal

report that his eight-year-old child had metalinguistic knowledge of the difference in

stress between compounds and phrases. In addition, the article reports a discussion

between this child and his six-year-old brother in which both children produced both

compound and phrasal stress patterns on the term blue bottle, a type of fly.


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corresponding phrases (e.g. weU t screw vs. wet screUw), as illustrated in Figure

.

This innovation was made since it seemed that a number of the ‘real ’

compounds were unknown to the younger children. Given that we might

expect unknown items to behave differently from known items, by creating

novel compounds we were able to provide stimuli for the older subjects that

were parallel to the unfamiliar compounds for the youngest children.

In developing the novel items, we strove to construct images of the would-

be compounds that reflected the general properties of typical noun com-

pounds in English. Given that the semantics of English compounds is often

unpredictable (e.g. greenhouse, hotdog), we aimed for items that bore some

relation to their invented names, without actually being fully transparent. In

so doing, we were furthermore trying to isolate the subjects’ use of the stress

pattern. Within the context of our forced choice paradigm, we expected that

if subjects recognized the compound stress pattern they would choose a

relatively plausible, though unknown, item to go with it, rather than the

picture of the phrasal meaning which would involve a mismatch in the stress

pattern.

Subjects

The subjects for our study were forty children attending an elementary

school in Delaware, grouped by age as shown in Table  below. Subsequent

 . Subject groups information

Group No. of subjects Age range Age mean

Pre-kindergarten   ;– ;  ;
st grade   ;– ;  ;
rd grade   ;– ;  ;
th grade   ;– ;  ;
Adult  N}A N}A

Testing occurred in the spring of the school year, thus subjects appear to be older than

would be expected for their grade level.

reference to each group will be made using only the years portion of the

average age of the children in that group; for example, ‘five-year-olds’ refers

to the youngest group, with the average age  ; . We also ran the experiment

on a control group of ten adults who work at the same school or who are

parents of children attending the school. The adults are all over twenty, but

more exact age information is not included here due to the reticence on the

part of some of the adults to report their age. All the subjects are monolingual

speakers of American English, with no history of hearing or language

problems.


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Stimulus materials

The stimuli consisted of eighteen pairs of items in which one member of the

pair had the compound stress pattern and the other had the phrasal stress

pattern. In nine of the pairs, the compound was a real item (e.g. reUd head),

while in the other nine, the compound was a novel item (e.g. reUd cup¯ a type

of flower). (See Appendix  for a complete list of the stimuli.)

The stimuli were recorded by a female speaker, the first author, in two

neutral sentential contexts, as illustrated below. Note that the word ‘sticky’

in (b) refers to ‘Post-It’ notes made by M, that are sticky along one side.

() The hoU t dog is over here.

The hoU t dog gets the sticky.

In preparing the stimulus tape, the speaker recorded all the stimuli three

times each, in a soundproof room. The second author then independently

listened to the items and selected the best exemplar of each target for

inclusion in the experiment. Two additional adult native speakers of English

listened to the final version of the stimulus tape to ensure that all the items

sounded natural.

Acoustic analysis shows that there was no significant difference between

the real and novel stimulus items on any measure. By contrast, there were

highly significant differences between the stress patterns of the compound

and phrasal items. Comparison of the pitch (F
!
) at the beginning and the end

of the rhyme of the stressed syllable in the first and second words (W and
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Compound Phrase Compound Phrase

Word 1 Word 2

hz
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–39·1
–45·7

Fig. . Change in pitch (hz) from beginning to end of word for word  and word .
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W) of our stimuli (both real and novel) showed the following patterns. In

compounds, the pitch rises substantially on W and drops moderately on

W, while in phrases, the pitch drops slightly on W and drops moderately

on W, as shown in Figure . The drop in pitch on W in the compounds vs.

the phrases is not significant, indicating that as far as the pitch pattern is

concerned, the burden of the difference between the two patterns is borne by

W (cf. Appendix  for details).

Examination of the other reliable acoustic measure of stress in English,

duration, also revealed significant differences between the compound and

phrasal patterns. While the duration of W in compounds and phrases is

essentially the same, the duration of W shows a highly significant difference

(p!±) in the two cases: in phrases, the duration is an average of  msec

longer than in compounds, as shown in Figure . Thus, as far as duration is
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Fig. . Duration in msec of word  and word .

concerned, the burden of the difference between the two patterns is borne by

W (cf. Appendix  for details).

Corresponding to the audio presentation of each stimulus was a pair of

pictures – one representing the compound meaning and the other represent-

ing the corresponding phrasal meaning (e.g. ‘ item of food’ vs. ‘hot canine’

for hot dog), as seen above in Figure . The stimuli were presented to each

subject in one of four random orders. Each subject heard only one instance

of a stimulus pair (e.g. either hoU t dog or hot doU g), for a total of eighteen items

per subject.

Procedure

The subjects were interviewed individually. They were told only that they

would hear some words on a tape recorder, and they had to put a ‘sticky’

(Post-It) on the picture that showed what they heard. The actual experiment

was preceded by several practice items to ensure that the subjects understood


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the task; the scores on the practice items were not, however, included in our

analysis. The practice items consisted of two of the ‘real ’ stimuli and two of

the ‘novel’ stimuli. The subjects heard both versions of the practice stimuli,

for a total of eight practice items. We did not tell the subjects what to listen

for, nor did we explicitly train them on the test items. In this last respect, our

experiment differs from that of Atkinson-King (), in which all the test

items were identified and named contrastively for each subject as part of the

testing procedure. In fact, during the introduction phase of Atkinson-King’s

experiment, several repeated and maximally contrastive pronunciations of

each member of a pair of stimuli were presented (Atkinson-King,  :–

).



Overall, our results agree with those of Atkinson-King () in that our

subjects, too, achieve the adult level of behaviour on the distinction between

compounds and phrases around age twelve (average age of our subjects  ;).

Furthermore, we observed a gradual development of this behaviour over the

preceding years. In a finer grained analysis, however, we found that the

development of stress is not simply a matter of a gradual improvement of

overall correct scores. Most significantly, we found a crucial effect for

whether a compound is real or novel.

First let us consider Figure , which shows the overall percentage of

correct scores across the different age groups.

Despite the gradual increase in performance with age, a Scheffe! post hoc

test (Table ) reveals that, on the basis of overall correct answers, the subjects

fell into only two distinct groups. The lines in bold face are those showing

significant differences.

Specifically, Table  shows is that there is not a significant difference in

overall correct responses among the three youngest groups of children, ages

five, seven and nine. Neither is there a significant difference in overall correct

responses between the oldest children (age eleven) and the adults. By

contrast, the groups of children aged five, seven and nine are each significantly

different from both the groups of eleven-year-olds and adults.

Such overall correct scores, however, can reveal only the most general

developmental trend. Let us now consider the results of a three-way

ANOVA: group ()¬compound type ()¬stress type () with correct

answers as the dependent variable. As Table  shows, we found significant

effects for each of these factors.

These results reveal, most notably, a highly significant effect for each of the

individual factors: group, compound type (real vs. novel) and stress type

(compound vs. phrasal). Similarly, each of the interactions involving both

compound type and stress type yielded significant results.


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Fig. . Mean performance by group.

 . ScheffeU post hoc test: subject groupings for overall
percentage correct

Groups Probability level

 yrs– yrs ±
 yrs– yrs ±
 yrs– yrs ±
 yrs–Adults ±
 yrs– yrs ±
 yrs– yrs ±
 yrs–Adults ±
 yrs– yrs ±
 yrs–Adults ±
 yrs–Adults ±

 . Three-way ANOVA: group (�)¬compound type (�)

¬stress type (�)

Independent variable p value

group %±

compound type ±

stress type %±

group¬compound type ±
group¬stress type ±
compound type¬stress type %±

group¬compound type¬stress type ±
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The highly significant effect for real vs. novel compounds revealed in

Table  requires that we examine these groups of stimuli separately. This

same result also leads to the conclusion that the appropriate comparison of

data between the younger and the older subjects involves only those

compounds that were known to all subjects. To determine (albeit indirectly)

which items were known to the subjects, we gave the parents along with the

standard permission slip, a list of words including, among many others, the

target compounds, some novel compounds and other compounds. The

parents were asked to indicate which words they believed their child knew,

but not to actually check this with the child, as we did not want the children

to be exposed to any of the words in advance. As a result of these parental

questionnaires and our own observations, we determined that several real

compounds needed to be excluded since they were unknown to many of the

five-year-old subjects. Essentially, all the parents of the youngest subjects

reported that their children did not know redhead and greenhouse. In

addition, we found that many were unfamiliar with the word blackboard,

using the term chalkboard instead. That is, even though such items are real

compounds for the older subjects, they are essentially novel compounds for

the youngest subjects. The parents of the seven-year-olds all reported that

their children knew all of the real compounds.

While we cannot provide a direct correlation between a child’s knowledge

of a particular compound and his}her behaviour since we only have indirect

information about the subjects’ vocabulary, a general pattern can nonetheless
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be observed. Indeed, if we examine the youngest subjects’ performance on

redhead, an unknown though real compound, we see that the treatment of this

item is the same as that of novel items, as distinct from the treatment of

known items such as hotdog. This is shown in Figure , which tracks the

percentage of compound answers as opposed to phrasal answers for four

prototypical items: redhead and hotdog, as well as two novel compounds,

leather strip and split board, for comparison. A perfect score here is % since

the percentage of compound choice shown refers to the full set of stimuli,

only half of which were presented with the compound stress pattern. By

around age seven, redhead approaches the % mark as does hotdog, while

the novel compounds never approach this level. Thus, while the real but

unknown compound redhead started out like a novel item, with a score of

%, it eventually diverged from the novel items, which continued to exhibit

very low percentages of compound choice.

We thus now restrict our attention to the real compounds known by all

subjects (henceforth ‘known items’) that appeared among our set of target
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Fig. . Compound answers for known items: compound, combined stress and phrasal.
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stimuli. Figure  presents the percentage of compound and phrasal answers

given for the known items only. For each age group, we first show the

percentage of compound responses on the items presented with compound

stress only. A perfect score here would be %. The second column shows

the compound responses on the full set of items, presented with both

compound and phrasal stress. A perfect score here would be % since it is

expected that those items presented with phrasal stress should  get a

compound response. Finally, the third column shows the phrasal responses

for those items presented with phrasal stress. The perfect score here would

be %, as in the first column.

Our findings show that the adult subjects scored very close to the ideal

results, and the eleven-year-olds were not far behind. The younger subjects,

however, performed substantially less well.



Despite the similarity in the overall developmental trend between Atkinson-

King’s and our study, there is a noteworthy difference. Indeed, we believe

that the analysis of this difference is what provides the crucial insight into the

acquisition of compound vs. phrasal stress. While Atkinson-King reported

that her oldest children (around age twelve) and the adults performed at

nearly %, the corresponding groups of children and adults in our study

only achieved about % correct responses. The fact that Atkinson-King

explicitly trained her subjects on the experimental stimuli before the

experiment, while we did not, most likely accounts to some extent for the

better scores on her test. More important, we suggest, is the fact that our

experiment was inherently harder due to our inclusion of novel compounds.

Although we cannot investigate the effect of the difference in training in

the two experiments, we are able to evaluate the effect of novel compounds

introduced in our experiment. As was seen in Table , we found a highly

significant difference in performance between the real and novel compounds.

Since we combined both types in our tabulation of the percentage of correct

responses in Table , we can conclude that our lower overall scores are

indeed due, at least partially, to the inclusion of the novel compounds, on

which performance was substantially poorer.

Furthermore, given the strong effect of real vs. novel compound type we

observed across the board, we must now cast some doubt on the conclusions

of Atkinson-King’s study, most notably where the youngest children are

concerned. Since it is likely that not all of the compounds in Atkinson-King’s

study were known to all of the subjects at the outset of the experiment, the

results confound the equivalent of real and novel compounds at least for the

youngest group. We suspect that the ‘random’ performance reported by

Atkinson-King for this age group would instead show significant patterns if


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the results were analysed separately for the compounds that were known to

the children as opposed to those that were not known. While Atkinson-King

attempted to address this issue in advance by training the subjects at the

beginning of the experiment, it is not clear that such training results in the

same type of processing that established knowledge of an item does. In fact,

Atkinson-King did mention in passing that there was a compound bias for

three of her six stimuli, and a phrasal bias for the other three, though she did

not investigate the implications of this pattern. Interestingly, the three items

that showed the bias towards the compound interpretation are those that we

would expect to be known by all the subjects (high chair, blackboard, hot dog) ;

the others were the items that we might expect not to be known by the

younger subjects (Red Sox, greenhouse, redhead). In fact, greenhouse and

redhead were reported to be unknown to our youngest subjects in our

parental questionnaire; we did not test Red Sox.

Once we separate the known items from the others, we can begin to gain

insight into what is being learned as children acquire the distinction between

compound and phrasal stress in English. As far as the novel or unknown

items are concerned, the overwhelming interpretation is the phrasal one.

There is no significant change according to age with regard to this behaviour.

The known items, to the contrary, do show a developmental change with age.

While Figure  revealed an exceptionally high percentage of correct scores

among the youngest children (average ages  ; and  ;) on the compounds

produced with compound stress, closer examination of the results shows that

this does not mean that these children have grasped the relevant stress

pattern. To the contrary, what we see is a strong bias in favor of a compound

interpretation when subjects have a lexical entry consisting of the sequence

of the two roots in question, with little regard for the stress pattern. Indeed,

the phrasal interpretation is rarely chosen at all, even when the phrasal stress

pattern is provided.

The five-year-old subjects thus seem to be applying a strategy that in effect

says ‘choose a compound answer if the item can possibly correspond to a

compound word in your vocabulary – regardless of the stress pattern.’ So,

when these subjects hear hot­dog, they ignore the stress pattern and simply

choose the lexical item that consists of the segmental string they hear. Recall

that, unlike lexical stress, compound and phrasal stress do not have

substantial segmental effects on an item. By contrast, when the same subjects

hear the unfamiliar item red­head, they do not choose the compound

meaning since they have no lexical entry that matches this string. Instead,

they choose the phrasal meaning consisting of the literal interpretation of

each of the two members of the compound as a type of default interpretation.

This is essentially the same behaviour we observed with the novel compounds

among subjects of all ages.

By comparing the percentage of correct compound answers with the
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percentage of overall compound answers in Figure , we see that by about

seven years, the subjects are beginning to show some sensitivity to the stress

pattern of the items they know. That is, these subjects no longer always pick

a compound meaning for a string that corresponds to a lexical item if the

stress pattern is not consistent with the compound meaning. Thus, the

overall selection of the compound meaning for hot dog diminishes to %;

and by age nine, it is only %. It should be recalled that the perfect score

on this measure is %, since only half of the stimuli were presented with

compound stress. This is evidence that the seven- and nine-year-olds are

developing the ability to overcome the early overwhelming bias to select a

compound interpretation in disregard of the stress pattern. The eleven-year-

olds and adults no longer show a bias toward selecting a compound

interpretation regardless of stress. That is, they appropriately choose the

compound meaning only when compound stress is heard.

The development of the reliance on stress in the interpretation of the

known compounds is not paralleled in the interpretation of the novel

compounds. Instead, the novel items generally remained at a very low level

of compound interpretation since there are no lexical entries for them to

match with. Nonetheless, a slightly higher percentage of compound answers

was found among the eleven-year-olds for the novel compounds when

compound stress was provided. What we suggest is happening here is that

these children are at a stage of general development where they are expected

to learn massive amounts of new material and many technical terms in school,

and thus are more inclined to assume that the novel items were indeed called

by the compound name we presented.

Interestingly, some of the adults seemed to be inclined in this direction,

too, as we can conclude anecdotally on the basis of some of the comments

they made during the experiment. Thus, when faced with a novel item such

as splıUt board, several adult subjects commented ‘I don’t know what this thing

is called, but I guess it could be a splıUt board ’ and they pointed to the picture

of the piano sounding board, as opposed to the picture of the piece of wood

split down the middle (i.e. the split boU ard). More of the adults, however,

commented ‘I don’t know what a splıUt board is, so I’ll pick this one’, placing

the sticky on the picture corresponding to the literal (phrasal) meaning.

In sum, what is revealed in Figure  is that the mechanism underlying the

gradual acquisition of compound vs. phrasal stress is the ability of the

subjects to overcome the bias to call every string a compound if it matches

the segmental characteristics of a stored lexical item. The leap in development

does not appear, however, until eleven years. At this point we observe, first

of all, appropriate selection of the compound interpretation when the

compound stress pattern is heard. In addition, we observe a substantial jump

(to %) in the eleven-year-old group in the selection of the phrasal

interpretation when the phrasal stress pattern is presented.
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We must thus understand the acquisition process under investigation as

the development of the ability to choose a compound interpretation only

when compound stress is heard, and by the same token to choose the phrasal

interpretation when phrasal stress is heard, even if a string segmentally

matches a lexical item. The reason it takes so long for this knowledge to be

acquired, we propose, is not that the stress patterns are inherently difficult,

but rather that it requires a shift in perceptual strategies.

That is, it seems that, at first, when children hear a word they attend

primarily to segmental information. If they can find a match at this level, they

are satisfied; they do not consider prosodic differences to be relevant at this

point. Eventually, however, a shift takes place and children become able to

attend to, and make contrastive use of, both the segmental and prosodic

qualities of the speech they hear. At this point, they are able to associate the

occurrence of stress on the first word with a compound structure and the

occurrence of stress on the last word with a phrasal structure. From a more

theoretical perspective, this indicates that the subjects have developed the

generalizations that correspond to different stress assignment rules for

different types of strings. As mentioned above, we interpret this as involving

the acquisition of two distinct post-lexical stress domains, the Clitic Group

and the Phonological Phrase, each with its own principles of stress as-

signment.

a) syllable syllable
b) x0 x0

stress not distinguished

lexical search

lexical item found

Compound interpretation

lexical item not found

Phrasal interpretation
(default)

Fig. . Compounds vs. Phrases : stress not distinguished.
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 

On the basis of our experimental results, we can identify several stages in the

acquisition of compound vs. phrasal stress in terms of the changing roles

played by segmental and rhythmic information in the different groups of

subjects. We present our findings in the form of two flow charts, Figures 

and  below, roughly corresponding to the original split of the subjects into

two groups identified on the basis of overall correct responses shown in Table

 and Figure  above. We believe, however, that the development is gradual,

with overlapping behaviours, not that there is a jump between the first and

second models.

In Figure , two options are shown for the initial stage of development of

the Compound vs. Phrasal Stress distinction. Option a represents the

behaviour of the youngest children who seem to treat the stimuli as

unanalysed wholes. These subjects do not realize that a string such as hot dog

contains internal morphological structure, but rather take it as a simple

sequence of two syllables: [σ σ]. This was borne out by informal discussion

with a five-year-old child' who found it totally implausible that there could

be two words in items such as hot dog, red head, high chair, blue jay. A related

result was also reported by Berko (). When she asked children about the

meanings of certain compound words, the majority had no explanation, or

provided a personal explanation that did not necessarily reflect the actual

constituents of the compound. Indeed, as mentioned earlier, in English

compounds there is frequently not a transparent relationship between the

meanings of the individual words and the meaning of the whole.

In addition to the absence a semantic analysis, the stress difference

between the compounds and phrases is disregarded at this stage, possibly

because it is not associated with any segmental allophonic variation, as

opposed to lexical stress which typically does induce such variation. Thus, on

hearing a stimulus string, a lexical search is performed. If a match is found,

the item is identified as a word since words, but not phrases, are listed in the

lexicon. If no match is found (i.e. in the case of unknown real compounds and

novel compounds), it seems that the individual components are searched

separately, and a default phrasal interpretation results. In the youngest

subject group, there is greater individual variation with regard to what is

listed in the lexicon, so some children find a match for items such as reUd head

while others who do not know this term do not. The fundamental process,

however, is the same.

At the next stage, represented as Option b, children begin to realize that the

strings in question consist of two words (X!s), even the compounds.

[] This is the daughter of the first author, who served as an eager and helpful consultant, but

not as one of the actual subjects.
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´x0 x0 vs. x0 ´x0

stress distinguished

x0 ´x0´x0 x0

lexical search

lexical item no lexical item

Intended compound

Novel compound

Intended phrasal

Default phrasal

Fig. . Compounds vs. phrases: stress distinguished.

Although we do not have reaction time data, we observed during the testing

that somewhat older children started to hesitate on the task, realizing that

there was a ‘problem’, while the youngest group did not even notice a

challenge. We thus find that subjects begin to recognize the two members of

a compound as such, though they are not yet able to focus on the stress

difference. This is typical of the both the seven-year-olds and the nine-year-

olds who still show high percentages of compound interpretation both on the

items with compound stress (% and %) and on the combined set of

items with both stress patterns (% and %). These subjects, like the first

group, do a lexical search and if they find a (compound) word, they select this

interpretation regardless of the stress pattern of the stimulus. If no match is

found, the phrasal interpretation is chosen, as a default. By contrast, the

phrasal interpretation is correctly chosen only in about one third of the cases,

or fewer.

A major change takes place with the eleven-year-olds, who show a large

difference between the percentage of compound answers given for items with

compound stress, as opposed to the full set of items including those with

phrasal stress: % and %, respectively, as seen above in Figure . This

behaviour is similar to that of the adults, whose corresponding scores were

% and %. Thus, as shown in Figure , the starting point in the response

of the eleven-year-olds and the adults involves two components a) the

recognition of different stress patterns and b) the recognition of distinct types

of lexical items among the stimuli (i.e. compounds and the individual words

of the phrases).
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Once the stress pattern of a stimulus item is determined, one of two paths

is chosen depending on whether initial (compound) stress or final (phrasal)

stress is heard. If phrasal stress is heard, each word is accessed separately,

and there is a direct path to the literal phrasal interpretation, which is the

intended interpretation in this case. If compound stress is heard, a lexical

search is made for a match with the stimulus item. If such a match is found,

the compound is identified and the intended compound interpretation is

given. If no match is found, as occurs with the novel items with compound

stress, we observed two strategies, as mentioned above. Either the novel item

is accepted as a compound, with the novel compound interpretation depicted

in the stimulus drawings, or it is rejected as a compound and it is assigned

a default phrasal interpretation, despite its compound stress pattern. While

it seems that the eleven-year-olds may be most open to the possibility of

unknown items having novel compound words as names, in general, there

seem to be more personal considerations that lead subjects to be more or less

inclined to treat the novel items with compound stress as compounds. Most

frequently, however, subjects were inclined to reject a compound in-

terpretation, despite compound stress, if the item was unknown to them.(



What our experimental study of compound vs. phrasal stress shows is that

the subtleties of this distinction are indeed mastered relatively late – around

age twelve, as claimed by Atkinson-King (). Our investigation, however,

provides a finer grained analysis of the acquisition process than that of

Atkinson-King. First, we revealed a fundamental difference between the

behaviour of subjects of all ages on known and unknown items. Then,

examination of the known items revealed an overwhelming preference for a

compound interpretation, regardless of stress. Once different stress patterns

were recognized they were used increasingly to permit subjects to accurately

select either the compound or the phrasal meaning of a stimulus item. We

interpret this as the acquisition of knowledge of the relevant prosodic

constituents, the Clitic Group and the Phonological Phrase, and in particular,

of the stress patterns associated with each. What is perhaps more surprising

is the fact that once the difference between compound and phrasal stress is

acquired for known items it is not consistently generalized to novel items.

Instead, there appears to be a very strong tendency among most adults to

disregard the stress pattern if they happen not to have a lexical compound

corresponding to a string they hear for the first time.

[] One referee suggests that it is possible for children, and even adults, to disregard stress

under particular circumstances due to the relatively lighter functional load borne by

stress, as opposed to segmental distinctions, in English. It is not possible to evaluate this

position at present, in the absence of a well articulated theory of functional load with

regard to child language.





    .  

Finally, given the above results, we are now in a position to address the

apparent paradox mentioned above whereby children can produce novel

compounds with appropriate stress by age two, as reported by Clark et al.,

(), but take years longer to distinguish compound from phrasal stress in

perception. What we propose is that the knowledge required to distinguish

between compound and phrasal stress is quite distinct from, and more

abstract than, the ability exhibited by young children when they produce the

novel compounds with the correct stress pattern. Specifically, it requires

knowledge of higher level prosodic constituents and the rules that govern

them. Thus, it seems that in the early production of compounds, stress

assignment is part of the compound formation rule itself, though it remains

for future research to determine acoustically precisely how accurate the early

productions are. Only subsequently is the stress pattern separated from the

morphological operation that combines individual lexical items (X!s) into

larger lexical items (i.e. compound words). In the case of English, this also

requires that children develop the (abstract) awareness that the same strong-

weak compound stress pattern is used in compounds of varying structures:

in A­N (e.g. hoU t dog), N­N (e.g. toU y store) and N­V (e.g. baU by sit). Only

in this way, can the general stress assignment rules associated with the

different prosodic constituents become formulated as phonological rules

distinct from the morphological rules of compound formation.
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APPENDIX 

 

Real items Novel items Novel compound description

hot dog* wet screw type of drill

green house* split board part of piano sounding board

black board* wood cradle item that carries wood

red head* long stem type of saw

high chair* bear}bare foot animal’s foot

blue jay red cup type of flower

toy store blue banner type of fish

orange tree leather strip type of scraping tool

big birds† flat bridge type of paddle

* used in Atkinson-King .

† the compound form is the name of a well-known character on the television programme

Sesame Street.


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APPENDIX 

  –      

 

(A) Change in pitch (hz) for word  in compounds and phrases

Word  Compound Phrase

Mean ± ®±
Variance ± ±
Observations  
Pearson correlation ±
Hypothesized mean difference 
df 
t Stat ±
p(T!¯ t) one-tail %±
t Critical one-tail ±

(B) Change in pitch (hz) for word  in compounds and phrases

Word  Compound Phrase

Mean ®± ®±
Variance ± ±
Observations  
Pearson correlation ®±
Hypothesized mean difference 
df 
t Stat ±
p(T!¯ t) one-tail ±
t Critical one-tail ±

APPENDIX 

  –       

(A) Duration in msec of word  in compounds and phrases

Duration Compound Phrase

Mean  
Variance ± ±
Observations  
Pearson correlation ±
Hypothesized mean difference 
df 
t Stat ±
p(T!¯ t) one-tail ±
t Critical one-tail ±


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(B) Duration in msec of word  in compounds and phrases

Duration Compound Phrasal

Mean  
Variance ± ±
Observations  
Pearson correlation ±
Hypothesized mean difference 
df 
t Stat ®±
p(T!¯ t) one-tail &±
t Critical one-tail ±




