Inflectional morphology and compounding in English: A single
route, associative memory based account

Jennifer Anne Hayes

A thesis submitted in partial fulfilment of the requirements of the University of
Hertfordshire for the degree of Doctor of Philosophy

The programme of research was carried out in the Faculties of Health and Human Sciences
and Engineering and Information Sciences, University of Hertfordshire.

. _ _ _ — s —_— A e

May 2003



Section

Chapter 1

1.1
1.2
1.3

14

14.1
14.1.1

1.4.1.2
1.4.1.3
14.14
1.4.2

14.2.1

1.5
1.5.1

1.5.2

1.5.3
1.6

Chapter 2

2.1
2.2
2.2.1
2.2.2
2.2.3
2.24

Title Page

Table of

o0 ) 11 0L ]
List of Tables and List of

) 401 (1 P V
AcCKNOWIedgements. .ouvevrviinriereeririrrrnereisriorarsenseraneenss vii
F2N 0111 ¢ T SR X
INtrodUCHION. vttt i e ece e e ree s ane 1
O] 11) 070,11 1o [a 6
Evidence for the putative dissociation between regular and

irregular plurals in COmMpPOUNdS......cvviiierierriiiereioiosnnntennns 7
Innate constraint based explanations of the putative dissociation
between regular and irregular plural in compounds................ 7
Level ordering model....ovvviireiieiiirerereriserenesnsessseonserasenns 7
Tests of the level ordering model’s account of compounding

with native English speaking children............cccoeviniinnrennnnn, 9
Tests of the level ordering model’s account of compounding

with native German speaking children.........c..ccoovenennnnnnne 10
Tests of the level ordering model’s account of compounding

with children with language disorders.......ocovvveveveeeersaensenns 12

Tests of the level ordering model’s account of compounding
with adult English native speakers, adult and child English

second language learners and bilingual Children.........co..e.ue. 15
Dual Mechanism model............ccoovvviiniiiineennnnsenceneinnan 18

Empirical testing of the dual mechanism’s explanation of plural 19
INCluSioN in COMPOUNS.......uvivienininrieirenienneeneneneeennn

Input based constraint explanations of compounding.............. 22
General differences between regular and irregular plurals in

English...ccoiiiiiiii e 22
Difficulties with processing regular plurals in the middle of

WOTAS. oo titinitiiiiiiiiin e enseneeeeessssnernssnsnnsrssnsns 24
Constraint satisfaction Model.......oeveineeeieieeieiereeeeeaeenens 25
SUIMIMATY . ceetttttieteitert it eeee e seesesesesnenenesassnsnenesnes 30
INtroduction. .....uviiiuiniiiiieniiiier e e e e ens 34
MethOdologY...veenieiiiiiieei it eiire et reersenrenenenannsans 45
D1 4 O 45
P ATt I PANES . .ttt iii vttt e ittt et e reeeeiineeennteanerennes 46
SUMUILL c. it s e s e e e s e ns 46



2.3
24

Chapter 3

3.1.
3.1.1
3.1.2

3.1.3
3.2
3.2.1
3.2.2
3.2.3
3.2.4
3.24.1
3.2.4.2
3.3
3.3.1
3.3.2
3.3.2.1
3.3.2.2
3.3.2.3
3.4

Chapter 4

4.1
4.2
4.2.1
4.2.2
4.3

4.3.1
4.3.1.1
4.3.1.2
4.3.1.3
4.3.2

4.3.2.1

4.3.2.2

4.4
4.4.1

(10 (070 D103 4 o) o DO
Background......ciiiiriiiiiiiiiiiiiiiittieiiiirtieeeiinetrieennsaeens
Hypothesis and predictions of the frequency explanation, the
dual mechanism model and the constraint satisfaction model...
Modality effects

ANalysis Of Variance......ccviviiiiieiininerieeseineerensennscascassnes

Planned comparisons between different word groups............
Frequency of individual items...eeeeeeneeeeieerrennerrosennneacsases

1B T E o) « TP

0118 (o 1o Lol 5 o) s DO

Static and sequential MOdels......uuvuvunenneeieeniininnereeencensens
StatiC MOAEIS..c.uierniniiiiiiiiiiiieir e reeeeeereanenerieaeeeenans

SEQUENtIAl MOAEIS. . .uuvirniieniieieireeeerereenrnreseseeenensaensans

Implications of connectionist modelling in relation to a dual or

SINgle route MeChaniSM...u.i.iueneesiiiieereereerneeceeesressnennens

The role of input frequency in learing by single route models

Learning majority default SyStemS........vvvvereuirserenecercennens

Learning minority default systems............cceevreeeeneeencnnnes

{.,eaming when type frequency of the irregular category is very
oW

Models addressing the behavioural evidence for a dual route
model

The effects of frequency on irregular (but not regular

MOTPROIOZY) et ettt ciiieeeretnneeseeensennsensennenn

Evidence that brain injured patients are impaired on the
production of either regular or irregular morphology............
Connectionist explanations of language learning

Jhak0 (oTe 1703 4T o DU P

LR N B
llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

---------------------------------------------------------------------

48
335

68
68

73
76
77
77
77
77
79
80
80
81
81
83
83
84
87
90

08
99
99
100

103
103

103
106

107
108
109

109

110
110

11



4.4.2
4.4.3

4.5

Chapter 5

5.1

5.1.1
5.1.2
5.2

5.2.1
5.2.2
5.2.3
5.2.4
5.2.5
5.3

Chapter 6

6.1
6.2
6.2.1
6.2.2
6.2.3
6.2.4
6.2.5
6.2.6
6.3
6.3.1
6.3.2
6.4

Chapter 7

7.1

1.2

7.2.1
7.2.2
1.2.3
124
7.2.5
7.2.6
7.2.7
1.3

Probabilistic learning of language......oevvvvviiiieiiiiiininnnnnen.e, 110
Connectionist model investigating factors affecting the

treatment of plurals in compounds........ccvvvvviviiiiiiiiiiiinan. 113
How Connectionist models might be used to investigate the

factors that constrain compound production in English......... 114
oL (076 L0 o] 6 o) 1 116
BacKkground.......vviiiiiiiiiiiiiiiinreiieiiietieeressarsnssossssacaonn 116
[-s] as a predictor of word ending .......coevvviiiiiiiiiiiiiienniienes 117
07 (06 1 0 119
Training set and coding sCheme.......c.ccciiiieiiiinveiienecianianan. 119
AT e UL .ttt iierietiiiiirerreeenrnerseeessnserssssossssssanssinssens 119
1) 120
B0 ¢ 13101 ¢ - 121
Test Sets and Results....vvviieiviiiiiiieineirereeeriiiisisniisineeens 121
DISCUSSION. s titeieiieeiitiireniiinienarensiensnasssasonsessesansonas 124
INtrOdUCHION. ot iiiiiiiie i erriieereeereeeseninessannaensonn 126
1% (o Te (<) I e erensressrasanas 126
Background.......couiiiiiiiiiiiiiiiiiie i rrcnererereren e 126
Training set and coding scheme...........cccocveeuiiinrenanernnncenne, 130
P2V (o (11011 ) (PP P 131
). PP PPRPPPr 132
8 ¢ 1o - PP PPre 133
N | £ 134
7 0 e L) U 138
Background.......coiiiiiiiiiiiiiiiiieirri e e e s ssa e 138
R SUIES .t i ieiiiiit ittt eieeteeeeaeessssnsansennransensanssns 140
Discussion of models 2 and 3.....cc.vvveeveneerecerensenreersssnsssms 142
Background.........coiiiiiiiiiiiiiiiiie i en e raeaan, 144
MoOdel 4. .ttt e e s beaearaeneaaaan, 145
Training set and coding SChEmME.....vvviireierirnerniererecneenennns 145
2N (0 11T CTed 4 (O 148
BT PR 149
B8 211110 1§ RPN 149
B N ) o2 T 150
RESUILS. . tieiietiiiiieriniieeieererontesereransesoresssnsscocsannsnossans 151
D) 1w 133 (o o FS 152

111



Chapter 8

8.1
8.2
8.2.1
8.2.2
8.2.3
8.2.4

8.2.5
8.2.6
8.3

8.3.1
8.4

8.5
References

Appendices

A

Al
A2
A3
B

Bl
B2
C

Cl
C2
C3

D
Dl
E
El

116 ¢e e (10e] 4 1o ) « DR OO 157
Internal or External constraints on plurals in compounds?......... 157
Length of EXPOSUre..ccvievviiiiiiiiiiiiiineriieiiioiicriiiiniennenenne 159
Frequency of EXPOSUIE....cvvivieeriiennienrnrisneissanersassnensccnns 161
B) (213 (0 111 1 [ 166
Competition between the regular plural and the possessive

morpheme in English.....ccciiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiieae, 167
[-s] as an indicator of word finality.......ccvvvvvevereereriernniinnnn 170

Summary of the role of external constraints on compounding... 170
Other external-based explanations of the treatment of plurals in

COMIPOUNAS . 11t etuutuurnnnieseressesesnsessssssssssrosescassssssssanssnns 171
Constraint satisfaction MOdel....cvvveieiieirieerreereervacarersssssnne 171
Internal based explanations of the treatment of plurals in
COMPOUNAS . 1tetttitireiiiinrerereessssssosnseressessssnnsssnssasssses 173
FINal CONCIUSIONS. .t vtiiiiietnereeisneneeeeessonsssseassssnssessnssns 174
176
184
Matenals used for experiment 1(described in Chapter 2).......... 185
Full list of stimuli used in Experiment 1........ccveeeerneivnnnnnnn 185
Frequency counts for stimuli used in Experiment 1...........c0ee. 186
Examples of picture stimuli used in Experiment 1........cooveeee 188
Materials used for experiment 2 (described in Chapter 3)......... 189
Full list of real words used in Experiment 2 .....ooevviivennnnenees 189
Full list of nonsense words used in Experiment 2.......c.coevvennn. 192
Materials used for model 1(described in Chapter 5).....covvveenen. 195
Testset 1 formodel 1...o.uievneiiiiniiieeiriiiieereeeessssnenenarons 195
Testset 2 formodel 1....ueiiueisineiieeiiesrenneressneessesresesnns 196
List of English inflectional morphemes/ derivational affixes that 197
end in [-d], [-e], [-g].[-1], [-r] and [-t] respectively ......ccueeene..
Materials used for mode] 2 (described in Chapter 6)............... 198
Examples of Sentences generated ....ueeveieesreerreerreececeseseses 198
Additional results 0f MOEl 2....vvneiinreeeisieerreeeseeensesensensss 199

The way verbs ending in [-s], verbs not ending in [-s] and
deverbal nouns were represented in the hidden layers of model
2ttt e et re et e e e e s s e e e ea b e rnenaenns 199

Appendix F. Disc containing raw data for experiments 1 200
(Chapter 2) and experiment 2 (Chapter 3)

Y



1.1

1.2

2.1

2.2
2.3

2.4

3.1

3.2

3.3
6.1
6.2

7.1

7.2
1.3

2.1
2.2
3.1
3.2
3.3

3.4

4.1
4.2
4.3

5.1
5.2

List of tables

Frequency of use of regular and irregular nouns in the singular and

81 102188 {00y 0 1 S
Predictions of modifier acceptability by semantic and phonetic
22100
Percentage of plurals (of either type) included in compounds 1n
previous compounding studies with native English speakers...........
Experimental design.....cceieiiiiiiiiiiiniiiiineiiinneiiiiiinnreesssenanens
Mean percentage of plural and singular nouns in regular and
1rregular COMPOUNAS.ciiviiiiiiiiiiiiiiiiiiieiiiriieersireersssnessrossussans
Mean percentage of regular and irregular plurals included 1n
compounds for the 13 regular and 7 irregular plurals in the four
CONAItIONS tESLEA. ..vviiiiireiriiiiriieiiiieeeriiiiiererernsasseoentsessonens

Predicted order in which the word groups should be processed

according to the frequency based account the dual mechanism
account and the constraint satisfaction model

Examples of stimuli tested.....c.vvvirereienerneeriesiernenroreronrasencsen
Mean reaction times

Composition of the training Set.........cvcvvvrirviverenrensssreerivarnsnenns
Examples of coding scheme formodel 3..........c.cccvivieieiiininnnnns
Frequency with which items from various synthetic categories

followed irregular plurals regular plurals and possessives in the
LE LN G SElutsuiirsereneeeeeeerneerrenrennsonnssennneonnssenssasssannesessssnss

Composition of the training Set........cccvvuviuvrniererreereresensniennnn
Examples of coding scheme.........cvvvviiininininiiniernvineceiensiennee,

List of Figures

Interaction between noun type and presentation modality...............
Interaction between noun type and response modality.........eeveeenne.
Proportion of errors for different groups of words.............
Distribution of reaction times for word types tested .........ccvererenes

Erequency of irregular plurals in the input and the mean reaction

LIME L0 PIOCESS theSE ILeMS. . .uuriseeiiiriiiineriererrnscecnssensessnnnennns
Frequency of singular or mass non-head nouns ending in [-s] and

mean reaction time to process these items.........cveevevenernvenennnnn.
Typical architecture of a static connectionist model....................
Typical architecture of a sequential connectionist model..............
Architecture of Allan & Seidenberg’s 1999 model...........coevvennnn

Simple recurrent network architecture used in neural net 1............
Diagram to represent letter prediction tasK.......covevieieiininnnnnnnenn,

Page

51
76



5.3

54

3.5

6.1
6.2
6.3

6.4

6.5

6.6
7.1
1.2

The error between the target and actual output of the network for

each letter of the word what.........ccoovviiiiiiiiiiiiiiiiiiinniiinninn
Mean error on predicting a word ending marker following [-s] or

following any Other Jetter...oviiiviiiriiiiiiiiiiiiiiicienieerennereereenens

Mean error on predicting a word ending marker following [-s] or

fOlloWINg 6 Other JetterS.cvuiireiiiiriiiieiiiiririeeiieiireeerteenrene
Architecture used for neural model 2. ...evvvivriviiriiiiiriinnneieneenen.
Diagram to represent word prediction tasK.......cccvvveiiiiiiiiiiinnnnns

First 2 principal components of the hidden layer representations in

Hidden unit cluster analysis of the nouns in the training set for
MOAEL 2. ettt ire s i e eeriensrasrsrnsenssaonn,
First 2 principal components of the hidden layer representations in

201070 (5] I O
Typical cluster analysis of nouns used in training set.........c.oeeuen..
Network architecture.......o.cvvviiiiiiviiiiiieiciiiiceeeereenenean,

Error on producing noun, verbs, other items and word endings after

possessives, regular plurals and irregular pluralS.........cccoevvecennnne.

Vi



Vil

Acknowledgements

Before everyone else, I must thank Victoria Murphy. Her enthusiasm,
positive attitude, wealth of knowledge and friendship has inspired and driven me on
throughout my research programme. I look forward to working together in the
future. Neil Davey has also given me so much of his enthusiasm and time and so
much help with the connectionist side of this project. I would like to thank Pam
Smith for her help at the beginning when I had so much to learn and for all her
advice while reading my thesis. Lorna Peters has also given me so much time and
friendship and help with cognitive modelling. David Messer, Richard Young and
Eeva Leinonen, the three Heads of the Psychology Department during my time at
UH, have ensured that I have had all the resources I needed as well as boundless
amounts of enthusiasm and encouragement for my work. Many others in the
Psychology and Computer Science Departments (particularly members of the Neural
Network Seminar Group, the Connectionist Reading Group and the Language
Acquisition Reading Group) have shown great interest in my work and I am grateful
to them all. On a practical level, thank you to Meyric Rawlings for his help in setting

up my experiment on Psyscope and to Natalie Fouquet, Christina Schelletter and

Carolina for help with understanding how compounding works in French, German

and Spanish respectively.

Many others have been friends as well as colleagues. Some were old friends
such as Rachel Msetfi and Pauline Treacher. And some are new. Thanks especially
to Anna Cox who has always gone before me to show me what the next stage would

be like. Anna provided serious advice in one moment and great fun and laughter in



Viil

the next. She gave me the motivation to go forward. Wanida Pensuwon was also so
kind and thoughtful to me in the office we shared. And Fiona Richardson was

always there to encourage me onwards

Away from the University, Caroline and Michael Maddocks have been
behind me in everything I do, as always. Thanusha Sivakumaran has kept me going
with such selfless friendship and support. Having a friend who shares the same
interests is such a gift. Thanks also to Pauline and George Nye for all their support
and encouragement. Gary, Michele, Samuel and Jack Hayes (while being terrible
participants in pilot studies in the case of Sam and Jack) have always been such
great friends to me. Thanks to my Mum and Dad, well for everything. And to Philip,

for all your patience and understanding, I can never say thank you enough.



Abstract

Native English speakers include irregular plurals in English compounds (e.g., mice
chaser) more frequently than regular plurals (e.g., *rats chaser) (Gordon, 1985).
This dissociation in inflectional morphology has been argued to stem from an
internal and innate morphological constraint as it is thought that the input to which
English speaking children are exposed is insufficient to signal that regular plurals are
prohibited in compounds but irregulars might be allowed (Marcus, Brinkmann,
Clahsen, Weise & Pinker, 1995). In addition, this dissociation in English compounds
has been invoked to support the idea that regular and irregular morphology are
mediated by separate cognitive systems (Pinker, 1999). It is argued in this thesis
however, that the constraint on English compounds can be derived from the general
frequencies and patterns in which the two types of plural (regular and irregular) and
the possessive morpheme occur in the input. In English both plurality (on regular
nouns) and possession are denoted by a [-s] morpheme. It is argued that the
constraint on the use of plurals in English compounds occurs because of competition
between these two identical morphemes. Regular plurals are excluded before a
second noun because the pattern —noun-[-s] morpheme- noun- is reserved for
marking possession in English. Irregular plurals do not end in the [-s] morpheme and
as such do not compete with the possessive marker and consequently may be
optionally included in compounds. Interestingly, plurals are allowed in compounds
in other languages where this competitive relationship does not exist (e.g. Dutch
(Schreuder, Neijt, van der Weide & Baayen, 1998) and French (Murphy, 2000). As
well as not being in competition with the possessive structure irregular plurals also
occur relatively infrequently in the input compared to regular plurals. This
imbalance between the frequency of regular and irregular plurals in compounds also
affects the way the two types of plural are treated in compounds. Thus there is no
need for an innate mechanism to explain the treatment of plurals in English
compounds. There is enough evidence available in the input to constrain the
formation of compound words in English.



Chapter 1.

1.1 Introduction

The treatment of plural morphemes in English noun-noun compounds is
significant because it provides a test case for competing theories of language
acquisition and representation. Even when the first noun in a compound refers to
plural items, adult native speakers frequently use the singular form (Murphy,
2000). Sometimes they will use the irregular plural form (i.e., a plural that does

not end in the morpheme [-s]) but very rarely are regular plurals used as the first

noun in a compound. This apparent dissociation between regular and irregular
plurals (i.e. that irregular plurals are included before a second noun but regular
plurals are almost never included before a second noun) is thought to be due to
innate morphological constraints. Such constraints predict that all items of
regular a'nd irregular morphology should be treated differently by language users.
An alternative view is put forward in this thesis that argues that the way in which
regular and irregular plurals are treated in compounds is constrained by the
different patterns and frequencies in which the two types of morphology appear
in the linguistic input.

Classical models assume that human cognition includes the capacity to
use stored mental rules to process input from the environment (Fodor &
Pylyshyn, 1988). Implicit in Chomsky’s (1959) idea, that children use some
innate, language specific mechanism to uncover the underlying rules of their
native language, for instance, is the notion that there are rules there to be
discovered. Others, such as Rumelhart and McClelland (1986), while agreeing

that it may be possible to describe language in rule-like terms, argue that there



might not actually be any rules available for the child to represent. Rummelhart
and McClelland and many other connectionist modellers have been able to
simulate rule like behaviour in artificial neural networks that have no specific
knowledge of the rules of grammar. The connectionist view is that general
assoclative memory processes are used to learn language. These processes are
guided by the fact that language appears in highly regular patterns (Saffran,
2001) and the way learning proceeds is influenced by the frequency with which
linguistic items appear in the input during the acquisition process.

The debate over whether or not language is mediated by a series of rules

has been frequently investigated in the field of inflectional morphology. In
English, the majority of inflectional morphemes occur as suffixes on the end of
words. For instance, the past tense of the majority of English verbs (known as
regular verbs) is formed by adding [-ed] to the stem (e.g. walk + [ed] = walked].
Similarly the plural of many English nouns (known as regular nouns) is formed
by adding [-s] to the stem e.g. cat + [-s] = cats. However, English also has both

verbs (e.g. see/saw) and nouns (e.g. mouse/mice), known as irregulars, which are
not produced by adding [-ed] (to verb stems) or [-s] (to noun stems). While no
one past tense “rule” can account for all irregular verbs in English, attempts have
been made to develop sub-groups of irregular verbs which appear to adhere to
the same rule e.g. the “rule” {“i - -> ~ “ in the pattern CC_ng) can account for the
past tenses of string, fling, cling. However, this rule does not explain the past
tense of bring or spring and incorrectly excludes stick and spin (from Pinker and
Prince, 1992). Of the 7 frequently occurring irregular nouns in English it mi ght
be argued that tooth — teeth, foot — feet and goose-geese conform to one “rule”

and man-men and woman-women conform to a second “rule”. However, it is not



possible to characterise the other 2 frequently used irregular plurals i.e. mouse-
mice or child-children using either of these rules. If all language 1s mediated by
rules, why is it impossible to find a set of rules to explain all items of English

inflectional morphology?

The inability to develop a full set of rules to explain all items of English
inflectional morphology is not an issue for those who propose that associative
memory systems (in which the past tenses of verbs and the plurals of nouns are
stored with their stems in the lexicon) drive language acquisition. It does,
however, present a problem for classical theorists who argue that all morphology
1s mediated by rules and only the stems of regular items of morphology are
stored in the lexicon. Pinker (1991, 1994, 1999) and others (e.g., Marcus,
Brinkmann, Clahsen, Wiese & Pinker, 1995) have developed a hybrid theory,
hereafter referred to as the dual mechanism model, that attempts to unite the

classic symbolic view of language with associative memory based accounts of
language processing. The dual mechanism model proposes that items of regular

inflectional morphology are rule governed but less systematic features of
language such as irregular verbs and nouns are learned and represented using
associative memory systems. Thus, irregulars are learned on a case by case
basis. However, they are not simply learned as separate examples by rote
memory systems and stored as unique, isolated items. Instead items which share
phonetic similarly (e.g. sing/ sang/ sung: ring/ rang/ rung) appear to have

overlapping representations (Chandler, 1993). Marcus et al suggested that only

the stems of regular verbs and nouns are stored in the lexicon as the “rule is
applied” (i.e. the past tense [-ed] and the plural [-s] morpheme are added) at a

post lexical stage in word formation. Conversely, all irregular past tense verbs



and irregular plural nouns are learned and stored (with their stems) in the lexicon
by associative memory systems and a high strength of association exists between
sub-groups of 1rregulars (e.g. blow, grow, throw).

Whether due to rule based, innate constraints or to constraints derived
from the patterns in the linguistic input, the evidence consistently indicates that
regular and irregular morphological items are treated differently by language
users. Marcus et al, (1995), for example, cite 21 instances in which regulars and

irregulars behave differently. For instance, in lexical decision tasks, participants
are influenced by word frequency when retrieving irregulars but not regulars
(Prasada, Pinker & Snyder, 1990). Similarity has also been shown to influence
the processing of irregular but not regular items of morphology (Bybee & Moder,
1983). For instance participants inflected the nonce verb spling (i.e similar to the

irregular verb fling) as splung more often than they inflected spliv as sp|uv.

Regular and irregular plural nouns are also treated differently when they are
followed by a second noun (i.e. they are used as the first element in a

compound). In a series of experiments (e.g., Gordon, 1985) participants have
included irregular plurals in compounds (e.g. mice chaser) more frequently than
they have included regular plurals (e.g. *rats chaser). This happens, according to
the dual mechanism model, because only the singular stems of regular nouns are
stored in the lexicon and thus the plural form is never available to be included
within compound words (Marcus et al). Conversely, irregular plurals are
available in the lexicon to be included within compound words.

An alternative explanation, is one based on a purely associative system

whereby differences in the way regular and irregular items are treated arises from

an input based constraint. The input constrains compound production because the




two types of morphology appear at different type and token frequencies and in
different patterns in English. Such an alternative, associative explanation had not
been systematically and fully explored. An explanation of this sort may explain
the treatment of both regular and irregular plurals in compounds (Murphy, 2000).
The associative explanation put forward here is based on the fact that the [-s]
suffix on English nouns is used to convey both plurality and possession. Token
frequency counts of a sample of the CHILDES (Child Language Data Exchange
System) corpora (McWhinney & Snow, 1985) have shown (Hayes, Murphy,
Davey, Smith & Peters, 2002) that the plural [-s] morpheme is rarely followed by
a second noun. Importantly, the reverse pattern is found with the possessive [-s]
morpheme since it is always followed by a second noun. Therefore, it might be
that a noun rarely follows the regular plural [-s] morpheme (i.e. patterns such as
“rat[s] chaser do not occur ) in English because the pattern noun — morpheme
[-s]- noun is reserved for marking possession (such as rat’s tail). Interestingly, in
other languages that do not have this competition between the plural and
possessive morpheme such as Dutch (Schreuder, Neijt, van der Weide & Baayen,
1998) and French (Murphy, 2000), regular plurals are allowed within
compounds. Irregular plurals may, however, appear in English compounds as
they are not formed by the addition of the plural [-s] morpheme. Thus, irregulars
do not compete with the possessive structure and as such may be followed by a
second noun in a compound. This idea that the different uses of the [-s]
morpheme acts as an input driven constraint on how regular and irregular
morphology is treated in compounds is explored here using experimental studies

and connectionist models. Other factors which might also provide external

constraints on the treatment of plurals in compounds such as the difference in the




frequency in which regular and irregular plurals occur in the input; the fact that
the regular plural [-s] only occurs at the end of a word in English and the
treatment of compounds by language users of different levels of proficiency are

also considered.

1.2 Compounds

A compound is made up of two or more words concatenated to fom
another word. For instance, ‘pan’ and ‘cake’ produced together form the
compound ‘pancake’. The experiments (e.g., Gordon, 1985; Murphy, 2000),
conducted to investigate how regular and irregular plurals are treated in
compounds, have tested synthetic compounds. These are compounds in which
the words making up the compound have a head-complement relationship (e.g.
taxi driver where taxi describes what kind of vehicle the driver is driving). More
importantly, the second noun (the head noun) (e.g., driver, maker, teacher) is a

deverbal noun (i.e., a noun derived from a verb). Root compounds are

compounds made up of nouns where the nouns have a modifier head relationship
(¢.8., blackboard where black modifies or describes what kind of board it is) and

the head noun is not a deverbal noun. Clarke, Hecht and Mulford (1986) showed

that while very young children produce root compounds (e.g., skycar (1;6)
airplane, coffee-churn (2;0)) they rarely use synthetic compounds before age
three. Furthermore, when children start to use synthetic compounds they make
more errors than they do with root compounds. Thus, Clark et al concluded that
children find synthetic compounds more difficult to produce than root
compounds. Furthermore, Lardiere (1995a) reports that when adults include
regular plurals in compounds it tends to be in root rather than in synthetic

compounds. Thus the distinction between the two types of compound appears to




have a degree of psychological validity (Murphy, 2000). Root and synthetic
compounds appear to be treated differently by both adults and children but to
date the conclusions regarding plurality in compounds has been made solely on

the basis of synthetic compounds.

1.3 Evidence for the putative dissociation between regular and irregular

plurals in English compounds

When asked to produce synthetic compounds made up of two nouns in

which the non-head noun (first noun) is a plural, English speaking children
(Gordon, 1985; Oetting and Rice, 1993; Nicoladis, 2000; van dexl Lely and
Christian, 2000); native German speaking children (Clahsen, Marcus and Bartke,
1993); native English speaking teenagers (van der Lely and Christian, 2000); and
native English speaking adults (Lardiere and Schwartz 1997; Murphy, 2000;
Buck-éengler, Menn and Healy, 2001) have all been more ready to include
irregular than regular plurals in compounds. Accordingly, in the literature, it has
become generally accepted that regular plurals are omitted but irregular plurals

“easily appear inside compounds” (Marcus et al, 1995, p 208).

Thus 1t seems that the dissociation between the treatment of regular and
irregular plurals in compounds is robust. The interesting issue is whether this

dissociation is mediated by innate or input driven constraints.

1.4 Innate constraint based explanations of the putative dissociation between

regular and irregular plurals in compounds

1.4.1 Level ordering model
Gordon (1985) was the first to point out that it was surprising that

children included irregular plurals in compounds in experimental studies when




they never hear them (i.e., they hear ‘foothbrush’ never ‘teeth brush’ and

‘mouse-trap’ never ‘mice-trap’) in natural child directed speech. Thus, Gordon
(1985) argued that if compounds with plurals (of either type) do not occur

frequently enough in the input to signal when and what type of plurals go in
compounds then an innate morphological constraint must mediate compound
production.

One such innate constraint that has been proposed to explain the
dissociation between regular and irregular plurals in compounds arises from a

theory that orders morphological processes on a hierarchy of levels (Kiparsky,

1982). According to Kiparsky’s level ordering model, morphology is generated

at three hierarchical stages. At level 1, irregular inflections and primary affixes

(e.g., ~ian, -ous, -ion) are applied. At level 2 derivational affixes (-er, -ism, -ness)
and nominal compounding are generated and finally regular inflection (e.g., -ed,

-s) 1s applied at level 3. Morphological application proceeds through these three

levels in a serial fashion such that morphology generated at a later level may not

be incorporated in morphology applied at a previous stage. As regular plurals
(level 3) are applied after nominal compounding (level 2), regular plurals inside
compounds (e.g., *rats-eater) should never occur. However, irregular plurals are
applied at level 1, before nominal compounding (level 2), and may therefore
appear in compounds (e.g., mice-eater). Thus the level ordering model makes the
very strong, testable prediction that not one regular plural should ever occur
within a compound (Lardiere, 1995a) but irregular plurals may be optionally
included. The level ordering model’s account of the treatment of plural
morphology in compounds has been tested on several different populations.

Native adult English speakers (Lardiere and Schwartz, 1997; Murphy, 2000) and



children (Gordon, 1985) have been tested. To investigate whether the same
Innate constraints apply in other languages, German children were also tested
(Clahsen et al, 1993). Further investigations were carried out to see if innate

constraints on compounding applied to English second language learners (ESL)
(Lardiere 1995a; Murphy, 2000) and had an effect on compound processing by
bilingual children (Nicoladis, 2000). Specific language impairment (SLI)
children have also been seen as a good test case for the level ordering model as it
has been argued that this group lack the ability to apply morphological rules and
thus putatively store regular morphology with irregular morphology at level 1
(van der Lely and Christian, 2000). Thus contrary to normally developing
children , SLI children should include both regular and irregular plurals in

compounds (which are produced at level 2).

1.4.1,1 Tests of the Level ordering model’s account of compounding with

native English speaking children

In the first compound production study carried out, Gordon (1985)
examined the claims made by the level-ordering model regarding compounding.
Gordon tested 33 children between the ages of 3 and 6 years of age. The children
were shown 4 examples of an item (either as real items or as a toys) and asked to
produce the plural form. To elicit a compound the experimenter asked “what do
you call someone who eats X (where X was the plural which the child had
previously supplied). The children omitted regular plurals from 98% of
compounds. Conversely they included irregular plurals in 90% of compounds

produced. Gordon argues that these results strongly support the idea that level

ordering, as opposed to evidence from the input, constrains word formation by
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children because although the children never hear irregular plurals in

compounds, they still include them in compounds if prompted.

1.4.1.2 Tests of the Level ordering model with native German speaking

children

If, as Gordon (1985) suggested, the constraint on morphological
processing is innate, i.e., children do not develop this grammatical system from
evidence in the input, then this aspect of morphological processing must be “hard

wired” in the human brain and it should be applied regardless of the language
being learned. Thus Clahsen et al (1993) attempted to replicate Gordon’s
findings using German children. The English regular plural [-s] suffix 1s
sometimes described as being the default plural ending as it is applied unless
there is an irregular plural associated with that stem in the lexicon (Marcus,
1996). Clahsen et al characterise the German plural as being a system in which

each individual language user applies a default ending to a noun (usually the [-s]

or the [-(e)n] suffix) to make it plural, unless use of this default 1s blocked by one
of the other 7 plural suffixes being associated with that stem. Clahsen et al
identified the plural ending which they argued that each child used as the default
by recording which suffix the child used when making overregularisation errors.
They claimed that the majority of children used the [-s] plural suffix as the
default plural ending but that some children used the [-(e)n] suffix as the default.
Clahsen et al predicted that if German and English children were governed by the
same innate constraint on plural usage in compounds then German children

should omit the plural ending they use as the default just as English children
omitted the regular plural [-s] default from the compounds they produced in

Gordon’s experiment. Clahsen et al adapted Gordon’s methodology by asking
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their participants (aged 3-6 years old) to produce the compounds using a range of
deverbal nouns as the head element (this represented a methodological shift from

Gordon who used eater as the head noun in all the compounds he tested). As they

predicted, Clahsen et al found that the children did not omit all plurals from
compounds. Instead, German children only omitted the plural ending which
Clahsen et al had identified as being their default plural inflection. Clahsen et al
argued that the German children displayed exactly the same behaviour as the
English children who omitted the default plural [-s] ending. Thus it was claimed

that Clahsen et al’s findings were in line with Gordon’s results and as such

provided evidence for the idea that despite differences between the plural

systems 1n English and German, children are subject to the same grammatical

constraints in producing plurals in compounds in both languages.

However, other experimental evidence suggests that Clahsen et al (1993)
were oversimplifying the situation when they argued that each German speaker
uses one of the plural endings as their default. Closer inspection of Clahsen et
al’s data found that 19 out of 30 (63%) of the children made overregularisation
errors on more than one plural ending (Clahsen et al predicted that the children
who overregularised more than one plural suffix would omit both defaults from
compounds). Furthermore Gawlitzek-Maiwald (1994) asked 33 German children
(aged between 3 and 6 years of age) and 10 adults to provide the plural of a
series of nonce words (i.e. words that were not associated with any of the
German plural endings). She found that rather than using one default, her
participants applied plural endings to the nonce words depending on the gender
marker and final phoneme of the stem (auslaut). This evidence contradicts the

viewpoint that the German plural system is completely irregular and provides no
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clear indicators to dictate which nouns will take which plural ending (Weise,
1988; Clahsen, 1992). Gawlitzek-Maiwald’s experimental evidence and her
analysis of German grammar together with connectionist modelling (Hahn and

Nakisa, 2000) have shown that the German plural system is in fact highly
predictable. Thus the evidence points to the fact that German speakers do not
have one default plural ending but rather apply a plural ending to a noun new to
them depending on the gender and the auslaut (final sound) of the noun.
Furthermore Gawlitzek-Maiwald suggested that the non-[-s] plural endings that
are included within compounds (i.e. the plurals which Clahsen et al argued are
similar to English irregular plurals) are actually linking morphemes rather than
true plurals. Given these questions concerning Clahsen et al’s findings it seems
erroneous to compare the treatment of plurals in English and German compounds

and as such the conclusion that Clahsen et al replicated Gordon (1985) is

questionable.

1.4.1.3 Tests of the level ordering model’s account of compounding with

children with language disorders

Specific language impairment (SLI) is a heterogeneous disorder of
language in children who have no other apparent cognitive, social or neurological
deficit which could account for their behaviour (Menyuk, 1964). Children with
SLI are of interest to researchers who study how morphology is represented and
processed because it has been proposed that children with SLI are not able to
compute the rules needed to produce regular morphology (van der Lely and
Ullman, 1996). Thus, they store both regular and irregular forms in the lexicon.

In terms of the Level Ordering model this means that for these people both

regular and irregular plurals will be stored at the same level (level 1). Thus, both
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types of plural are available to be included in compounds which are produced at
level 2. Clahsen, Rothweiler, Woest and Marcus, (1992) investigating the

spontaneous use of noun compounds in German SLI children found that, unlike

normally developing German children, SLI children failed to delete [-en], the
highest frequency plural ending (and here regarded as the default German plural)
from nearly half of the compounds they produced. Bartke (1998), using an
elicitation task based on Gordon’s (1985) methodology, found that German SLI
children made numerous errors forming the correct plural which made

interpretation of the way they treated plurals in compounds difficult. Despite

these confounds, Bartke concluded that German SLI children displayed a general

tendency to include more non-default than default plurals in compounds.

However, the difference was less pronounced than in normally developing
children. The motivation for van der Lely and Christian’s (2000) study was to
investigate whether English SLI participants would, like German children, show
evidence that they stored both regular and irregular plurals at level 1 and thus
produced compounds containing both types of plural. van de Lely and Christian
used an exact replication of Gordon’s methodology. The young people (aged
between 10;4 to 18) tested were asked to produce the plural of various items and
then to elicit the compound they were asked “What do you call someone who eats
X" (where X was the plural that the child had supplied). As controls, van der
Lely and Christian also tested 36 normally developing children ranging in age
from 6 years to 18 years old. van der Lely et al found that the normally
developing controls reliably included more irregular than regular plurals in

compounds (in fact they included hardly any regular plurals). The SLI children

did not show this dissociation as they included over 35% of regular plurals and
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20% of irregular plurals in the compounds they produced. van der Lely and

Christian argued that had this difference in treatment of regular morphology (by
SLI children compared to normal children) been due to processing deficits (i.e.,

if the production of inflections required a level of processing capacity not
available to these children (Joanisse & Seidenberg, 1998; Leonard, 1998;)) then
participants would have not been able to process the plural [-s] inflection. Had
the difference been due to a lack of processing capacity, then a pattern similar to
that displayed by normal language users in which no regular plurals are included
in compounds would have been found. This was not the case. Thus van der Lely
and Christian rule out phonemic processing deficits as an explanation for the
deviation from normal behaviour shown by their SLI participants and conclude
that English SLI children produce regular plurals in compounds because of
deficits to their morphological processing system. However, Leonard (1998), in

an extensive review of the literature, points out that SLI children learning more
highly inflected languages that English, such as Italian, can produce regular

morphology. Leonard concluded that SLI children, across a whole range of
languages, actually show a similar pattern of language development to that
displayed by normally developing children learning that language. The defining
characteristic of SLI children, however, is a protracted rate of language
development. In van der Lely and Christian’s study the children did not appear to
systematically include or omit either type of plural from the compounds they
produced (they included regular plurals in compounds more or less at chance). If
these children, as Leonard suggests, are developmentally delayed in learning to
use morphology, it may be that they do not use plurals in compounds, in the

same way as their normally developing age-matched peers, because they are yet
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to master the use of morphology in compounds. Recent evidence from Murphy,
Messer, Dockrell and Farr (in preparation) suggests that had van der Lely and
Christian used younger controls they may have found more similarities between
SLI and normally developing children. Murphy et al found that normally
developing children aged 4 and 5 years behaved more like the SLI children tested
by van der Lely and Christian (who included 35% of regulars and 20% of
irregulars in compounds) in that they included 15% of regulars and 28% of
irregular plurals in compounds.' Thus lack of proficiency rather than a
breakdown In an innate processing system may be responsible for the

performance differences seen between SLI and normal controls.

1.4.1.4 Tests of the level ordering model’s account of compounding with adult

English native speakers, adult and child English second language learners and

bilingual children

While the data presented by Gordon (1985), Clahsen et al (1993) and van

der Lely and Christian (2000) appears to support the level orderering model’s

account of compounding, a number of difficulties with this model have been
raised by Lardiere (1995a). Lardiere and Schwartz (1997) using picture stimuli
only (in the standard Gordon experiment verbal questioning as well as visual

sttmuli had been used) tested 12 adult native English speakers.

However, Nicoladis (2000) found that monolingual children (aged between 3 and 4
years of age) included regular plurals in as few as 2.5 % of compounds produced. They included
irregular plurals in 65% of compounds produced. Nicoladis adopted a different methodology to
Murphy et al which may explain the differences in the results they found. The effect of

methodology on the results of compound production experiments is discussed in detail in Chapter

2.
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They found that no regular nouns and only 4.8% of irregular nouns were
produced in the plural form in compounds. Using verbal questioning only,
Murphy (2000) also found that native English speaking adults omitted regular
plurals from 98% of compounds. They included irregular plurals in 28% of
compounds produced. It is interesting that irregulars were omitted from
compounds much more frequently by Lardiere and Schwartz’s and Murphy’s
adult native English speakers than they were by the native English speaking
children tested by Gordon. Furthermore, Lardiere and Schwartz and Murphy
obtained very different rates for the inclusion of irregular plurals. The differing
rate at which irregular plurals have been included in all the various compounding
studies conducted to date and the role that language proficiency and
methodological factors might play in causing this variability in results is
considered in detail in Chapter 2. However, despite the fact that Lardiere and
Schwartz and Murphy’s results (for irregular plurals at least) differ from
Gordon’s, they do not contradict the predictions of the level-ordering model. No
regular plurals were included in compounds and the model allows for irregulars
to be included optionally. However, Lardiere (1995a) also tested Spanish and
Chinese, English Second Lan guage learners (ESL) and found that they only

omitted possible regular plurals from compounds roughly at chance. They
included irregular plurals in 78% of compounds produced. Similarly, Murphy
testing French speaking ESL school children (mean age 12;4 years) found that
they included regular plurals in 15% of compounds produced and irregulars in
25% of the compounds produced. Commenting on Lardiere’s results, Marcus
(1995b) argues that as both the Spanish and Chinese participants omitted

significantly more regulars than irregulars from compounds, averaged across
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participants, the results support the level-ordering model. However, the level
ordering model makes a very strong testable prediction that regular plurals
should never be produced inside compounds because of a morphologically innate
constraint. If the level ordering model is correct then no regular plurals should be
included in compounds by any group of language users (Lardiere, 1995b). Thus
both Lardiere and Murphy present results that question the level ordering
model’s account of plural inclusion in compounds. Nicoladis (2000) tested
bilingual children (aged 3 and 4 years) and found that they included regular
plurals in compounds in 15% of cases. This evidence together with Lardiere and
Murphy’s results indicate that knowing a second language affects the production
of regular plurals in non-head position. Again it seems that lack of proficiency in
English may affect the rate at which plurals of both kinds are included in
compounds. This is hard to explain if an innate constraint is responsible for
morphology, regardless of language but not if it rests on exposure to English.
Lardiere also lists a series of root compounds in which regular plurals are
Included in both English (e.g. drinks cabinet) and German (e.g. Bilder-buch
(picture-book)) compounds. Furthermore, Lardiere presents examples in which
other items of regular morphology such as the comparative (longer lasting
effects) and the superlative (lowest priced items) appear before a noun in English.
As items of regular inflection they would be applied at level 3, i.e., too late to be
included in nominal compounding which takes place at level 2. Thus level
ordering has been discredited over recent years and is no longer seen as a serious

explanation for the dissociation between regular and irregular plurals in

compounds (For English; Senghas, Kim, Pinker & Collins, 1991; Murphy, 2000:
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Buck-Gengler et al, 2001; Haskell, MacDonald & Seidenberg (in press): For

German; Gawlitzek-Maiwald, 1994).

1.4.2 Dual mechanism model

Another explanation for the dissociation between regular and irregular
plurals in compounds (that is driven by internal factors rather than the input)
stems from a position that irregular plurals are represented and processed
differently from regulars (Pinker and Prince, 1988; 1992, Pinker, 1999). Pinker
argues that while some specific features of language need to be learned, children
are born with a system which actively seeks out rules which are represented
symbolically. Pinker and Prince’s dual mechanism theory proposes dissociated
systems in which the processing of regular morphology is mediated by classic
symbolic rules of grammar (e.g., the plural of regular English nouns is formed by
attaching the inflectional morpheme [-s] to the stem [N] (e.g., rat + [s] = rats)).
Conversely, irregulars are stored as memorised pairs of words (mouse-mice) in
the mental lexicon. A great deal of evidence has been put forward to support the
dual mechanism model. For instance, the fact that children make
overregularisation errors such as buyed instead of bought or holded instead of
held is cited as evidence of immature language users using the wrong system

from two distinct language systems (Pinker, 1999). Furthermore, Pinker claims
that a double dissociation exists between the language produced by people with
Williams Syndrome who, it is argued, have difficulties with irregulars but are
freely able to use regular morphology and the language produced by people with
specific language impairment (SLI) who show the opposite pattern. The putative
dissociation between the treatment of regular and irregular plurals in compounds

is also cited as evidence for the dual mechanism model. In terms of how the dual
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mechanism model might impact upon compounding, Marcus et al (1995) have
argued that as compounds are the product of joining together two stems from the

mental lexicon to form one word, irregular plurals may be used in compounds

because they are stored, already inflected, as lexical items., However, regular
forms may not be included in compounds because they are products of the
application of a rule that takes place outside the lexicon, “online” and at a later
stage than compounding in the word formation process. Thus like the level

ordering model, the dual mechanism model also makes the prediction that regular

plurals should never occur within compounds but irregulars may be included

optionally.

1.4.2.1 Experimental testing of the dual mechanism model’s explanation of

plural inclusion in compounds

Oetting and Rice (1993) tested the predictions of the dual mechanism

model by asking SLI children (mean age 5 years) to complete a compound

production task. In the first stage of the experiment they sought to establish
whether SLI children could produce regular plurals outside of compounds. They
found that contrary to van der Lely and Ullman (1996)’s prediction that SLI
children would not be able to produce regular morphology, the SLI children

tested (similar to the control groups tested) were able to produce regular plurals
(1.e., demonstrate rule-like behaviour). In the second stage of their experiment,
using Gordon’s methodology they encouraged the children to use the plural in a
compound by asking “What do you call my puppet if he eats X’ (where X was
the plural form that the child had supplied). All children tested, in both SLI and
control groups, omitted over 90% of regular plurals from compounds and

included 60 % of irregulars. Interestingly, the SLI children were more accurate
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with frequently pluralised nouns (e.g. hat) than they were with nouns that are
used infrequently in the plural form (e.g. belt). According to the dual mechanism

model once a rule is learned usage should be independent of frequency effects.

Oetting and Rice argue that this may be because frequency effects may appear
whenever a child is faced with a difficult linguistic task (Winitz, Sanders & Kort,
1981). Several other authors have found that SLI children are affected by
frequency in producing regular morphology (Ullman & Gopnik, 1994, 1999; van
der Lely and Ullman, 1996,1998). Again this seems to imply that application of
rule like behaviour depends on the proficiency of the language user, a concept
not allowed for by the dual mechanism model (as it was also not allowed for in

the level ordering model). A discrepancy is evident between the number of
regular plurals omitted by SLI children in Oetting and Rice’s study (92%) and
the number omitted in van der Lely’s study (65%). This difference cannot be
explained by age as van der Lely’s children, who omitted fewer regulars, were
actually older than the participants tested by Oetting and Rice. However, van der
Lely and Christian’s participants were all children (described as G-SLI children)
who demonstrate a persisting grammatical impairment in the production and
comprehension of language. These children do not, however, have problems with

articulation or phonology, do not demonstrate pragmatic social impairment and
do not display non-verbal cognitive deficits. van der Lely and Christian point out
that two of Oetting and Rice’s participants included regular plurals in 28% of
compounds produced. Thus van der lely and Christian argue that their
participants and Oetting and Rice’s two participants (who showed a similar
pattern of results) are representative of a particular sub-group of SLI children

who cannot process regular morphology. It might be, however, that these
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children, because of the very specific nature of their linguistic deficits, are
actually more severely developmentally delayed than other SLI children such as
the majority of the children included in Oetting and Rice’s study.

While, Oetting and Rice’s (1993) data support the dual mechanism’s
prediction that regular plurals will be omitted from compounds more frequently
than irregular plurals, the study does raise concerns about the dual mechanism
model’s explanation of compounding because the model cannot account for the

frequency effects found with regular morphology. Other doubts have also been
raised concerning the dual mechanism model’s explanation of compounding.

Firstly, it has been pointed out that regular plurals do occur in natural language
before other nouns. Haskell et al (in press) found that in 6% of occasions in
which regular plurals appeared, in their corpus analysis, they were followed by a
second noun. Pinker (1999, p181) lists 25 examples, such as “singles bar” and
“publications catalogue” where regular plurals occur inside compounds.
Secondly Lardiere (1995a) and Murphy (2000) found that ESL participants
included regular plurals in compounds. The SLI children tested by van der Lely
and Christian also included regular plurals in over 35% of compounds. Thus
proficiency both in terms of learning a second language or possessing a
neurological based difficulty in learning language seems to affect the rate of

plurals included in compounds. Furthermore, regular plurals do occur inside
compounds in languages other than English such as Dutch (Screuder, Neijt, van
der Weide, and Baayen) (1998), and Spanish (Lardiere, 1995). Any explanation
(such as the level ordering or dual mechanism model) which is so categorical at
prohibiting the inclusion of regular plurals in compounds has a problem

accounting for all aspects of the data.
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1.5 Input based constraint explanations of compounding

As indicated above there are difficulties with the proposals that explain
the dissociation between regular and irregular plurals in compounds being due to

some form of internally driven, innate morphological constraint. However, the
fact remains that while children may hear enough compounds without regular
plurals to learn that they should not be produced in compounds, it is doubtful
whether they hear enough irregular plurals inside compounds to learn that they
may be optionally included within these structures. Murphy (2000) and Haskell
et al (in press) have suggested that children may learn that regular and irregular
plurals are treated differently in compounds from more general properties of

language that are frequently exemplified in the input to which they are exposed.

1.5.1 General differences between regular and irregular plurals in English

The morphological rules governing the regular plural in English have

important phonological components that do not simply involve adding an atfix to

a stem. There are three regular plural allomorphs in English. The [-s] allomorph

s used with stems ending in a non-strident voiceless consonant (e.g. top +s =
tops /tops/). The [-z] allomorph is used with stems ending in a non-strident vowel
or a voiced consonant (e.g. pin + s = pins /pinz/). The [-iz] allomorph is used
with stems ending in a strident consonant (e.g. hiss + es = hisses /hisiz/). In order
to apply the appropriate form the language user must be aware of the alternative
allomorphs and how they are used. Berko (1958) found that normally developing
children were able to apply the [-s] and [-z] allomorph relatively easily to nonce
stems but they had difficulties using the [-iz] plural allomorph. Joannise and

Seidenberg (1998) argue that to be able to learn the cues to apply the correct

phonetic form of the morpheme, language users need to be proficient in
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categorising the point at which one phoneme begins and another ends (the delay
in developing this ability may explain why children with SLI have difficulty
processing regular morphology). Forming the correct regular plural allomorph

may require a non-trivial amount of processing effort. Thus, producing the
regular plural may in fact require more processing effort than that required to
form the irregular plural, since all irregular plurals in English are formed by
changing a vowel rather than adding a correctly pronounced phoneme
(Stemberger, 1995). This difference in processing may influence language users
to include the singular form of the regular plural more frequently than they
include the singular form of irregulars in all parts of language including
compound words. Furthermore, as illustrated in Table 1.1 four of the frequently
occurring English irregular plurals occur more frequently in the plural than the
singular form. This may also influence language users to use irregular nouns 1in

their plural forms more frequently than they use plural regular nouns in all

language use including compound word formation.

However, despite the factors that might influence English speakers to
include irregular plurals more frequently than regular plurals, the fact remains
that the type frequency of regular plurals is much higher than that for irregular
plurals (there are only 7 frequently used irregular plurals in English). Regular
plurals make up 98% of noun types and 97% of noun tokens (Marcus, 1995a).
Thus 98% of all nouns in English add an [-s] allomorph to make their plural. And
97% of all plural usage in English involves the processing of the [-s] allomorph

at the end of the noun.
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Table 1.1 Frequency of use of regular and irregular nouns in the singular and
plural forms

Irregular noun Frequency in Frequency in
singular plural

goose 483 394

mouse 1856 1021

tooth 637 4499*

foot 7249 13346*

man 58860 F 37104

woman 22008 | 38240*

children 23669 45731*

|

*Used in the plural more frequently than the singular form

Source British National Corpus. Frequencies shown represent
the frequency in which these items appear in the corpus, which

comprises 100,106,008 words. 77.81% of the corpus is made up
of written English.

1.5.2 Difficulties with processing regular plurals in the middle of words

Murphy (2000) suggests that one reason children learn to omit regular
plurals from English compounds stems from the fact that the plural [-s]
morpheme consistently goes at the end rather than in the middle of words. When
given the option of including a regular plural in the middle of a word (e.g., to
produce *rats eater), children omit it (and produce rat eater) because the plural
[-s] morpheme is never found internal to a word. Were they to include the [-s]
internal to a compound, the children would be violating an overwhelming pattern

found in the input. Irregular plurals do not end in the [-s] morpheme and thus

may be included in the middle of compounds.
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1.5.3 Constraint satisfaction model

Haskell et al (in press) argue that the use of nouns, like the use of all linguistic
structures 1s governed by a series of constraints (Allen and Seidenberg, 1999;
Seidenberg and Macdonald, 1999). They argue that the constraints applicable to
nouns govern such things as what nouns mean, what they sound like and in what
contexts they may appear. Addressing the issue of compounding, they argue that
two input driven constraints linked to noun usage actually drive the dissociation
between regular and irregular plurals in compounds. Firstly in English, adjectives
that precede nouns are not marked for plurality. Evidence from corpus analysis
has also shown that nouns that precede other nouns do not tend to be marked for
plurality. When nouns that precede nouns are marked for plurality, Haskell et al
conclude that it is to convey that the plural means different types of an item not
Just multiple copies of the item. So for instance in Pinker’s example
“publications catalogue”, publications refers to several different publications and
not just to multiple copies of the same publication. This first constraint that
Haskell et al refer to as the semantic constraint works alongside another
constraint which they call the phonetic constraint. The phonetic constraint refers
to the fact that while many different sounding words may precede a noun, words

sounding like regular plurals rarely do. This is obviously critical to the treatment
of regular plurals in noun-noun compounds. Thus, the influence of the semantic
and the phonetic constraints working in tandem leads to very few plurals that end
In [-s] appearing before a noun. When the item is plural but does not sound like a
regular plural, only the semantic (and not the phonetic constraint) is invoked and

under these circumstances some plurals that do not end in [-s] (i.e. irregular

plurals) may be produced before a second noun.
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Table 1.2. Prediction of modifier acceptability by semantic and phonetic factors

M

Type Example Semantically Phonetically Acceptability

plural? plural?

-
Singular nouns rat, tooth no no acceptable

not ending in

phonetic [-s]

o —— e

Irregular plural  mice yes no marginal
Bifurcate pluralia scissors no yes marginal
tanta

Singular nouns lens no yes marginal
ending in

phonetic [-s]*

Possessives* cat’s no yes marginal
o
Voicing change  knives yes yes not acceptable
Regular plural rats yes yes not acceptable

*Predictions following from Haskell et al’s model but not tested on language
users by them.

Table 1.2 shows Haskell et al’s (in press) prediction of how various items
should be treated before a second noun, if Haskell et al’s model is correct and
compounding is governed by the co-influence of the semantic and the phonetic
constraints on nouns. According to Haskell et al’s constraint satisfaction model,
singular nouns being neither semantically nor phonetically plural, may appear in
compounds (e.g. rat catcher). Irregular plurals are semantically plural without

being phonetically plural and thus they may appear optionally within compounds
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(mice catcher). Bifurcate pluralia tanta items such as “scissors”, “pants” and

“binoculars” which although being phonetically plural are considered

semantically singular (Bock, Eberhard, Cutting and Schriefers; 2001) should also

appear optionally within compounds. Pinker (1999) considered these items to be
irregular plurals and argued that they could be used (optionally) as the first
element of a compound. Haskell et al tested this prediction by asking participants
to rate “how good” compounds including bifurcate pluralia tanta sounded
compared to compounds that contained semantically similar singular and plural

nouns. Haskell et al found that pluralia tanta nouns were more acceptable than
regulars but not as acceptable as irregulars (thus disconfirming Pinker’s

assumption that they would pattern with irregulars).

Singular/mass nouns ending in phonetic [-s] such as lens or news that
sound like regular plurals (items such as blouse, house, nurse while ending in the
phoneme [-s] are not confused with regular plurals in the same way according to
Haskell et al because they make their plural by the addition of the [-1z]
allomorph) would be marginally acceptable before a second noun because they
are affected by the phonetic but not the semantic constraint.

Voicing change plurals (where the unvoiced final consonant /f/ in the
singular becomes the voiced /v/ in the plural e.g. knife — knives) are also

irregular plurals according to Marcus (1995). As irregulars, voicing change
plurals may be used as the first element of a compound. In terms of Haskell et
al’s (in press) constraint satisfaction model these items are both semantically and
phonetically plural and thus they should pattern with regular plurals and be

omitted from compounds. Haskell et al (in press), using their acceptability rating

paradigm found that voicing change plurals patterned with irregular rather than
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regular plurals (thus confirming Marcus’ view that voicing change plurals pattern
with irregulars). Interestingly, Senghas et al (1993), using a similar methodology
to Haskell et al, found no significant difference between the acceptability of
voicing change plurals and regular plurals inside compounds. Furthermore,
voicing change plurals were rated as being significantly less acceptable than
irregular plurals in similar compounds. Thus while the evidence 1s mixed, there is
some evidence that voicing change plurals which are subject to both the phonetic
and the semantic constraint, do not appear in front of a second noun. Regular

plurals are obviously subject to both the phonetic and the semantic constraint and

this 1s why they do not appear before a second noun.

A pattern seems to be emerging in which items that do not violate either
the phonetic constraint or the semantic constraint are permitted as the first
element in compounds (i.e. singular nouns). Items that violate one of the
constraints, either the semantic constraint (irregular plurals) or the phonetic
constraint (pluralia tanta), are allowed optionally within compounds. Items that

violate both constraints (regular plurals, voicing change plurals) are not included

in compounds.

Haskell et al argue that the phonetic and semantic constraints are learnt
from general properties of plurals and pre-nominal modifiers that children
experience in the input they receive. Children may not hear items such as mice-
chaser but they hear many noun-noun compounds that do not include plurals
such as toy box or cookie jar. They also hear many plurals in other contexts and
learn quickly how plurals should behave in general language. Thus they learn

that in contrast to the way the presence of more than one item is usually

indicated in language, the presence of more than one of something is not
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indicated before a second noun. They also hear many phrases in which pre-

nominal modifiers (i.e. adjectives), that do not sound like regular plurals,

precede nouns e.g. big box, or green jar. These patterns drive learning that items
that do not sound like regular plurals tend to appear before a noun. The i1dea
behind Haskell et al’s constraint satisfaction model is that children use all the
items they have heard to judge whether new items they experience are
grammatical or not. This process has been modelled using connectionist models
(Allen & Seidenberg, 1999). In Allen and Seidenberg’s model the weights on
connections between neurons represent “probabilistic constraints”. Every neuron
is involved in processing every input, If an input is consistent with items that the
network has been trained on it will be more acceptable (produce a lower error)
than items that have not been experienced before. Items that are similar to things
previously experienced move weights in the direction of features that do appear
in the input and away from features that do not appear in the input. Thus, in the
case of compounds, items that do not contain plurals (i.e. the vast amount heard)
would move weights towards plurals being omitted from compounds and away
from plurals being included in compounds. Similarly, experiencing many items
that do not sound like regular plurals appearing before a noun would drive
weights towards words sounding like regular plurals being omitted before a noun
and away from words sounding like regular plurals being included before a noun.
The constraint satisfaction model is an important development in

compound research as for the first time it shows how input driven constraints
might drive learning about compound formation. However, the constraint
satisfaction model cannot account for all aspects of English synthetic

compounding. A crucial element in the compounding puzzle is possessive nouns.
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Singular possessive nouns are clearly not plurals (they do not violate the

semantic constraint when appearing in front of a second noun). However,

singular possessive nouns sound like regular plurals, violating Haskell et al’s
phonetic constraint. Their model would predict, therefore, that we should not find
possessive nouns before other nouns but clearly we do. Frequency counts of a
sample of the CHILDES corpora (McWhinney & Snow, 1985) have shown
(Hayes et al, 2002) that possessive nouns are always followed by a second noun.
Haskell et al’s phonetic constraint is unable to account for items like possessive
noun-noun, a frequently occurring pattern in English. The main research question
investigated in this thesis is whether the co-influence of the possessive and plural
morphological systems is a viable explanation for why regular and irregular
plural morphology is dissociated in English compounds.

Additionally, as Murphy (2000) suggests, the fact that [-s] is the most
frequent plural ending in English (there are only 7 irregular plurals in common
usage 1n English) and the fact that it is used as a suffix to mark plurality and
possession on nouns and agreement in verbs (third person singular) means that it
1s strongly associated with word ending. This factor is also investigated in the
research reported here. Other input driven constraints such as the relative

frequency in which the two types of plural occur in the input and the way English

speakers of different proficiency levels treat plurals in compounds are also

considered.

1.6 Summary

This first introductory chapter has presented the general framework
within which this research project is set. There can be no dispute that participants

in a series of experiments included more irregular plurals in compounds than
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regular plurals. However, while in some studies irregular plurals patterned with
regular plurals and were omitted from compounds, in other investigations
irregulars have been included in these structures. It was thought that proficiency
of participants might be responsible for the different rates of inclusion of
irregular plurals. However, the experimental work carried out has adopted a
variety of methodologies and to rule out factors such as presentation and
response modality being responsible for the inconsistency in the treatment of
irregular plurals in the various studies an experiment was conducted. This first
experiment (described in Chapter 2) was carried out to investigate whether
manipulating presentation and response mode would affect the number of regular
and 1rregular plurals included in compounds. This was seen as an important first
step to ensure that the dissociation between regular and irregular plurals in
compounds was not simply an artefact of a particular set of methodological

factors. Thus this programme of research sought firstly to establish the role that

methodological issues play in compound word formation. Having investigated
this methodological issue then the key issue of whether this dissociation was due
to innate or input driven constraints could be considered. Evidence has been put
forward here which calls into question the level ordering model and the dual
mechanism model which both propose an innate constraint on including regular
plurals in compounds. However, this still leaves a learnability problem in that
children will include irregular plurals in compounds even though they never hear
them in the linguistic input they receive. An alternative account is put forward
that proposes that the apparent dissociation between regular and irregular plurals
in compounds may arise from more general patterns of language input. For

instance that the regular plural [-s] only occurs at the end rather than in the
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middle of words such as compounds. Also the possessive [-s] morpheme is
always followed by a noun but the plural [-s] morpheme is rarely followed by a
noun. Furthermore the two types of plural appear in different frequencies in the
input and English speakers of different proficiency levels seem to produce
different forms of compounds. Thus a second study testing adult native speakers
(described in Chapter 3) was carried out to investigate these input driven factors
and also to consider innate constraints on compounding in the same experiment.
The purpose of this study was to present language users with a range of

compounds containing non-head nouns ending in different morphemes and

phonemes to measure how various factors influenced processing speed. For
instance, if the input driven constraint of competition between possessives and
regular plurals applies then possessives should be processed more quickly than
regular plurals. If an internal constraint mediates morphology in compounds then

regular and irregular morphology should be processed at different speeds.

As 1t was hypothesised that the treatment of plurals in English
compounds 1s driven by a single route associative memory mechanism then it
was also considered appropriate to investigate these issues using connectionist
models. Chapter 4 outlines how connectionist models have successfully modelled

other phenomena previously thought to be mediated by dual mechanisms.

Models that have successfully learnt sequential mappings are also reviewed in
Chapter 4. Chapters 5, 6 and & 7 describe 4 connectionist models that were
developed as part of this research programme. These models investigate whether
consistent patterns in the input, for instance that the regular plural [-s] only
occurs at the end rather than in the middle of words such as compounds or that

the possessive [-s] morpheme is always followed by a noun but the plural [-s]




morpheme is rarely followed by a noun, provide enough evidence to drive

learning about how plurals should be treated in compounds.

33
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Chapter 2,

2.1 Introduction

As demonstrated in Chapter 1, compound words with irregular plural nouns
in non-head position (e.g., mice-eater) have been produced more frequently than
compounds with regular plural nouns in non-head position (e.g., rats-eater) in all of
the compound production studies carried out to date with native English speakers
(Gordon, 19835; Oetting and Rice, 1993; Lardiere and Schwartz, 1997, Murphy,
2000; Nicoladis, 2000; van der Lely and Christian, 2000).

It has been claimed that this dissociation is due to innate morphological
constraints such as those proposed by the level ordering model (Kiparsky, 1982) or
the dual mechanism model (Pinker and Prince, 1988; 1992, Pinker, 1999). Both the
level ordering model and the dual mechanism model predict that regular plurals

should not occur in the non-head position of a compound. Irregular plurals, on the
other hand, are licensed by both the dual mechanism and the level ordering models to
appear optionally within compounds.

Table 2.1 presents a summary of the compound production studies carried
out with native English speakers to date, including a breakdown of the percentage of

regular and irregular plurals produced within compounds in these studies.
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Table 2.1. Percentage of plurals (of either type) included in compounds in previous

compounding studies with native English speakers
Study

Presentation Response
modality nodality

Number included

Participants
X age |
(n participants/ Regular Correct

items) plurals irregular

(%0) plurals

Native English speaking children with normal language development

Gordon 4:6 2 90 Pictorial and Oral
(1985) (33/16) aural
Oectting & 5;0 2 59 Pictorial and Oral
Rice (1993) | (19/14) aural
Nicoladis 2.5 65 Pictorial and Oral
(2000) 3,0-4;0 aural

(25/16)
van der Lely | 5;2-6;8 6.6 61.6 Pictorial and Oral
& Christian | (12/18) aural
(2000) 1.6 35

6;9-7:10

(12/18) 0 28.3

14;0-17:4

(12/18)

Native English speaking adults

Lardiere & Adults 0 4.8 Pictorial Oral
Schwartz (12/16)

(1997)

Murphy Adults 1.7 28 aural Written

(2000) (12/16)
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It is clear from Table 2.1 that the omission of regular plurals from compounds

is a robust experimental finding and that irregular plurals may or may not be included
in compounds. Thus the studies carried out to date would seem to provide support
for both the dual mechanism and the level ordering account of compounding.

In some accounts of the dual mechanism model, however, the prediction is
made that in any language all examples of regular morphology should be processed in
one way and all examples of irregular morphology should be treated in another
manner, Pinker & Prince (1992) state that

“it is an extremely strong prediction that in any language one should find that
phenomena in either of these two clusters (i.e., regular and irregular morphology)
should be found exclusively in association with one another, never in association

with a phenomenon from the other cluster” (p.246).

However, such a clear distinction between the way the two types of
morphology were treated is not apparent from the studies in Table 2.1. In fact, the
pattern of results across the studies is far from uniform. While regulars were almost
always omitted from compounds, it is not true to say that irregulars were always
Included in compounds. In some of the studies some irregular plurals patterned with

regular plurals and were omitted from compounds. Other irregulars, however, have

been included in compounds.
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Only in the earliest compounding study carried out by Gordon in 1985 was
there complete uniformity in that the 3-5 year old children tested included 98% of
regular nouns in compounds in the singular form and 90% of irregular nouns in
compounds in the plural form. At the other extreme, while Lardiere and Schwartz
(1997) also found that their participants included all regular nouns in their singular
form, unlike Gordon, their adult native English speakers also included irregular nouns
in the singular form in 95% of compounds produced. Between the two extremes, age

of participants seems to be an important factor in whether the compounds produced

included irregular plurals or not. It would seem from Table 2.1 that as native
speakers mature and become more proficient in the use of their native language, they
include fewer irregular plurals in compounds. For instance, from a study of 3 and 4-
year-old native English speaking children, Nicoladis (2000) reports that the correct
irregular plural was included in 65% of cases in which the children were required to
produce compounds using irregular nouns. The 5 year olds with normally developing
language ability in Oetting and Rice’s study included irregular plurals in about 60%
of compounds produced. The 5 to 6 years olds with normally developing language
ability in the study carried out by van der Lely and Christian (2000) knew the
correct irregular plural in an average of 78% of cases but they only included it in an
average of 61.6 % of compounds produced. The older children (6-10 year olds)

tested by van der Lely and Christian demonstrated that they knew the correct
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irregular plural in an average of 73% of cases but only included it in an average of
55% of compounds produced. van der Lely and Christian’s teenaged participants
(aged 14-17;4) were able to name all the correct irregular plurals but they only
included irregular plurals in 28.3% of compounds produced. Similarly, the 15 adult
native speakers included in Murphy’s (2000) study produced irregular plurals in
non-head position in 28% of compounds produced. Thus it appears that there may

be a developmental trend to exclude irregulars as native English speakers get older.

In Gordon’s level-ordering based explanation of the compounding
phenomenon he makes the point very strongly that adults hardly ever produce
compounds containing irregular plurals which is borne out in these experiments with
adults. In fact, the lack of irregular plurals in compounds (e.g., ‘foothbrush’ never

‘teeth brush’ and ‘mouse-trap’ never ‘mice-trap’) forms the centre of Gordon’s

argument that an innate language process such as level-ordering must mediate
compound production in children because they could not learn that irregular plurals
(and not regular plurals) are licensed in compounds from the input they receive.
Irregular plurals are licensed by the level ordering model to appear optionally within
compounds but what Gordon fails to explain is why children “take up the option” to
include irregulars in compounds but adults do not. Similarly, the dual mechanism

model argues that irregular plurals may appear optionally within compounds but

fails to explain why children seem more likely to select the irregular plural from the
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lexicon but conversely why adults seem more likely to select the singular form. The
level ordering and dual mechanism models have put forward an explanation for the
dissociation between the treatment of regular and irregular plurals in compounds but
have yet to explain the variation in the way irregular plurals seem to be treated by

adults and children in compounds.

However, before concluding that there is a developmental element to the
inclusion of plural morphology in compounds it was thought necessary to investigate
whether something as relatively straightforward as methodological factors might be
causing the differences seen in the various studies. Direct comparisons can be made
between all of the studies that tested child participants. Oetting and Rice (1993) and
van der Lely and Christian (2000) replicated exactly the methodology adopted by
Gordon (1985) in his original experiment. Thus they all showed the children they
tested visual stimuli and then asked the child “what could we call someone who eats
X (where X was the plural already supplied by the child). In all these studies the
child heard the noun used in the plural form before being asked to supply a
compound using that noun. Thus the child may have been primed to use the noun in

the plural form. Nicoladis (2000) tested root compounds and adopted a slightly
different methodology. She showed pictures and asked the children to find a name for
the compounds depicted. To test an item such as “flower chairs” she would say

“here are some flowers” (and show a picture of some flowers) then she would show
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a picture of some chairs and say “here are some chairs” then she would show chairs
patterned with flowers and ask “What could we call these?” Thus, while Nicoladis
did not use the non-head noun in the plural form in the compound elicitation prompt
(i.e. she did not say “what could we call these chairs pattered with flowers? ) she did
supply the plural before asking the child to produce the compound. This means that
in all the compound studies testing children the plural was supplied to them before

they were asked to form the compound. In every study in which children were

tested, participants were required to supply their answers verbally.

It may be impractical, however, to make direct comparisons between the
results of the investigations carried out by Lardiere and Schwartz (1997), Murphy
(2000) and van der Lely and Christian (2000) on teenagers and adults. The type of
questioning stimuli used to elicit compounds was similar in all three studies but the
mode of presentation of the stimuli and the mode in which participants were required
to respond were not consistent. Lardiere and Schwartz, Murphy and van der Lely
and Christian all based their methodologies on Gordon (1985). van der Lely and
Christian followed Gordon’s methodology exactly. Their participants were required
to produce the plural before the compounding task and during the compounding task
the plural, they had supplied, was repeated back to them. They recorded verbal

responses. Murphy used aural only rather than pictorial and aural stimuli.

Specifically, Murphy read out a list of questions such as “what do you call a cat that
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watches mice”. Thus Murphy mentioned the noun in the plural form before asking
her participants to use that noun in a compound. Murphy also elicited written rather
than spoken responses. Lardiere and Schwartz presented a series of pictures showing
cartoon characters performing particular tasks and asked their participants to make
up names for the characters depicted. For instance a character was shown painting its
toes and the target compound was toe/foes painter. Thus Lardiere and Schwartz
employed pictorial stimuli and recorded verbal responses and as such used the same
modalities as Gordon. Crucially, however, they did not elicit the plural form in
advance and they did not repeat the plural form back to the participant. These
methodological differences could be exerting their own influence in dictating the kinds
of compounds participants produce. Lardiere and Schwartz’s participants never
heard the plural used and were required to retrieve the name of the picture from their
own mental representation. Conversely, in Murphy’s and van der Lely’s study,
participants were provided with a plural and required to hold it in memory while a
question was asked to facilitate the production of a compound word. Interestingly,
Murphy and van der Lely and Christian report quite different results in terms of
number of irregulars included in compounds than Lardiere and Schwartz in that both
Murphy’s and van der Lely and Christian’s participants included 28% of irregulars
in compounds but Lardiere and Schwartz’s only included 4.8% of irregulars in

compounds. Some research has indicated that if participants are able to make use of
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information provided by the experimenter then the surface features of that
information may be just as likely, if not more likely, to be encoded than the

semantics of that same information (Morris, Bransford & Franks, 1977; Jacoby,
1983; Blaxton, 1989; Roediger, Weldon & Challis, 1989, Weldon, 1991). As
Murphy and van der Lely and Christian provided the plural form in their questions,
there may have been a tendency for their participants to encode the sound of that
plural and use it in the production of the compound rather than retrieving their own
solution to how that plural should be employed in the target compound. This may

have been the case particularly for very infrequently used plurals where the

participant was less sure of the correct form to use in a compound. Evidence that it
is easier to produce an irregular plural than an irregular singular, when primed with an
irregular plural, comes from a study by Buck-Gengler et al (2001). Buck-Gengler et al

asked adult native English speakers to read (i.e. participants were supplied with the

plural) sentences of the form “a jar containing COOKIES is a ” and then
supply the compound which would fill the blank. Sentences including both regular
and irregular primes were tested and reaction time and whether the participant
supplied a plural or a singular noun in the compound produced was recorded. They
found that the longest reaction times were recorded by participants who responded
with an irregular singular having been presented with an irregular plural (i.e. produced

mouse bowl when the stimulus was “a bowl! containing mice is a ”). Reaction
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times were more or less identical from participants who produced irregular plurals in
response to a plural sentence (i.e. produced mice bow! when the stimulus was “a
bowl containing mice is a ") or produced either singular or plural regular
nouns in response to a plural sentence (i.e. produced rat bowl or rats bowl when the
stimulus was “a bowl containing rats is a ”). Buck Gengler et al argue that it
takes longer to produce a singular irregular noun in a compound, when the stimulus is
plural, because extra time is needed to inhibit the just primed plural and produce a
singular noun instead.

With respect to response mode there is evidence from previous research that
participants respond differently on tasks depending on the modality in which they
are required to supply a response. Providing written responses to lexical access tasks

may require different processing systems than those implicated in producing spoken

responses to the same task (Bonin, Fayol and Gombert, 1998).

Hence, an experiment was conducted which, as well as testing a larger number
of mature native speakers than in previous compounding experiments, also compares
presentation and response modalities within a single study. By comparing both

presentation and response modalities it should be possible to unravel whether and

which methodological factors are responsible for the inconsistencies in the
proportion of irregular plurals included in compounds in the various teenager/adult

compounding studies. If, having controlled for modality, it still emerges that adult
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participants include very few irregular plurals within compounds then it will provide
more information about whether the distinction between the way regular and irregular

plurals are treated in compounds dissipates with maturity.

Another factor which needs to be examined is the exact nature of the irregular
plurals being tested. In previous compounding experiments the irregular plurals
tested have included [-en] irregular plurals (e.g., child-children) and vowel-change
irregular plurals (e.g., foot-feet) but the influence of voicing change plurals (e.g., wolf-
wolves) in a compound production test has not been investigated. van der Lely and
Christian (2000) did include knives as one of their test nouns but they included it as
a regular noun based on the work of Senghas et al (1993). Senghas et al found no
significant difference between the acceptability of voicing change plurals and regular
plurals inside compounds but did find that voicing change plurals were significantly
less acceptable than irregular plurals in similar compounds. Marcus (1995a),
however, using Quirk, Greenbaum, Leech and Svartik (1985) as his source treats
voicing change plurals as irregulars. Haskell et al (in press) using an acceptability
rating paradigm found that voicing change plurals patterned with irregular rather than
regular plurals. Thus in the present experiment voicing change nouns were included

to determine whether participants treated them in a similar manner to regular or to

irregular plurals or otherwise.
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To summarise, an experiment was carried out to compare the number of both

irregular and regular plurals that would be included in compounds by mature native

English speakers when both the presentation and response modality were

manipulated. Type of plural (i.e., regular, voicing change or irregular) was also

manipulated.

2.2 Method

2.2.1 Design

The experimental design is summarised in Table 2.2. This experiment was a
mixed design with one within subjects factor; type of noun (regular, voicing change,
irregular) and two between groups factors: mode of presentation (visual or aural) and
mode of response (oral or written). The dependent variable was the number of plural
nouns of each type which participants included in their compounds. Twenty
participants were shown pictorial stimuli and of these, 10 were asked to produce
compounds orally and 10 in writing. The remaining twenty participants had the

stimuli read out to them and of these, 10 were asked to produce compounds orally

and 10 in writing.
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Table 2.2 Experimental design

Presentation
Pictorial Aural
Response Oral n = 10 participants n = 10 participants

Written n=10 Earticigants n=10 Raﬂicigants

2.2.2 Participants

40 undergraduate students in the Department of Psychology at the
University of Hertfordshire took part in the study in exchange for course credit. All
were native English speakers and had been educated in the UK continuously between
the ages of 5 to 18 years. Twenty-eight participants were aged between 18-24 years;

eleven were aged between 25-44 years and one participant was aged between 45-60

years. Thirty-nine participants were female and one participant was male.

2.2.3 Stimuli

Four mass nouns (rice, water, glass and grass), were used to train
participants and familiarise them with the task. The test stimuli consisted of 10
regular plural nouns, 3 voicing change plural nouns and 7 irregular plural nouns (1
[-en] plural and 6 vowel change plurals). The 10 regular plural nouns were matched

against the 3 voicing change and the 7 irregular plural nouns for semantic similarity.
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Appendix A.l shows the full list of test stimuli used. Frequency counts per
thousand for each of the nouns (Kucera & Francis, 1967) is shown in Appendix A.2.
For pictorial presentation, both the training and test nouns were represented
by black and white line drawings of plural items. The pictures measured 15cms wide
by 13cms long and were mounted on sheets of A4 sized white laminated card. The
pictures were piloted to ensure that they elicited the intended response. Examples of

the pictures can be seen in Appendix A.3.

2.2.4 Procedure

Participants were tested individually in an experimental cubicle at the
University of Hertfordshire. A preliminary briefing took place during which
participants were told that the experiment would involve putting two separate words

together to form a new word. They were informed that they would be asked to make

up compound words that described someone performing a particular task. The

experimenter gave the participants two examples “So for example, you could call
someone who drinks wine a “wine drinker” and you could call someone who cuts

grass a “‘grass cutter”.

In the visual conditions, participants were shown picture representations of 4
training nouns and asked to produce a compound in response to the experimenter’s
questions. For example, the experimenter showed a picture of rice and asked “What

do you call someone who boils this?” and the participants were to respond “A4 rice
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boiler”. In the aural conditions the experimenter asked the participants “What do you
call someone who boils rice” and again participants were to respond “4 rice boiler”.
On the rare occasion that a participant did not produce the appropriate compound,
the experimenter provided further examples until the participant understood the form
of compound that was required.

Once the participants had completed the training session they moved on to
the test questions that were delivered in exactly the same way. Participants in the
oral response conditions were asked to speak clearly into the tape recorder.
Participants in the written response conditions were asked to write their responses
on the response sheet they had been provided with. The order of the 20 test items

was randomised for each participant.

2.3 Results

Firstly, to analyse whether voicing change plurals patterned with regular or
irregular plurals in this experiment or in some other way, a one way analysis of
variance was carried out. There was a reliable difference between the type of noun
being tested and the number of plural nouns included in compounds, subjects F (2,

117) = 107.69, p <.00005; items F (2,17) = 37.89, p < .00005.
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A planned comparison revealed that there was a reliable difference between the way
participants treated voicing change and irregulars plurals, subjectst (39) = 10.52,p <
.00005; items t (6.48)" =6.16, p <.0010 in the compounding task but no reliable
difference between the way voicing change and regular plurals were treated, subjects t
(39)=-1.30, p> .05; items t (11) =-1.44, p > .05. Thus in all subsequent analyses
the data for regular and voicing change plurals were collapsed together (and the group
is referred to as regulars) and compared with the data for irregular plurals. As the
combined group of regular and voicing change plurals consisted of 13 items and there
were only 7 irregular plurals, percentages were calculated and included in all
subsequent analyses.

Table 2.3 provides an indication of the extent of pluralisation in compounds
as 1t shows the mean percentage of regular compounds in which singulars were
included and the mean percentage of regular compounds in which plurals were
included. The same information is provided for irregular compounds.

Two separate t tests (paired samples for the subjects analysis and
independent samples for the items analysis) showed that a higher mean percentage of

singular nouns were included in regular compounds compared with irregular

compounds, subjects t (39) = 9.23, p <.0010; items t (18) = 9.03, p <.0010.

'Degrees of freedom corrected due to significant Levene’s test.
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Two further paired samples t tests showed that there was a reliable difference
between the rate at which regular plurals were included in the singular or plural form
in compounds, subjects t (39) =-47.40, p <.00005; items t (12) =-210.46,p =
.00005 but no reliable difference between the rate at which irregulars were included in

the singular or plural form in compounds, subjectst < 1; items t < 1.

Table 2.3. Mean percentage of plural and singular nouns in regular and irregular

compounds (standard deviations are shown in brackets).

Noun Singular Plural
% %
Regulars 98.65 (6.25) 1.35 (6.25)

Irregulars 53.93 (27.16) 46.07 (27.16)

The focus of the study was to determine whether there were differences in
the number of regular and irregular plurals included in compounds and whether
different presentation and response modalities affected the rates of inclusion of these
items. The mean percentage rates of inclusion (with their standard deviations) of

regular and irregular plurals are shown in Table 2.4.
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Table 2.4 Mean percentage (with their standard deviations) of regular and irregular

plurals included in compounds for the 13 regular and 7 irregular plurals in the 4

conditions tested (i.e.. pictorial presentation with written responses. pictorial

presentation with oral responses, aural presentation with written responses and aural
presentation with oral responses).

Pictorial stimuli aural stimuli Overall mean for
response modalities

Regular | Irregular Regular Irregular | Regular Irregular

Plurals | plurals plurals plurals plurals plurals
Written 0.77 30 3.85 39.29
responses (2.43) (28.13) (12.16) (29.63)
Oral 0 40 0.77 52.86
responses (0) (2.43) (23.22)

Overall Mean | 0.39 35 2.31 57.14
for (1.7) (22.93) (8.68) (27.03)
presentation

modalities

A repeated measures, multivariate Analysis of Variance with one within
subjects factor: noun type (measured at two levels: regular plurals and irregular
plurals) and two between subjects factors: presentation modality (measured at two
levels: visual and aural) and response modality (measured at two levels: written and
oral) was carried out. A repeated measures, multivariate Analysis of Variance with

two within items factors: presentation modality (measured at two levels; visual and

aural) and response modality (measured at two levels: written and oral) and one
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between items factor: noun type (measured at two levels regular plurals and irregular
plurals) was also conducted. This revealed a reliable effect of noun type, subjects E
(1,36) = 149.06, p <.000035, eta square = 1.00; items F (1,18) = 79.99, p <.00005,
eta squared = .816. This effect interacted with both presentation modality, E (1,36)
= 7.94 p <.05, eta squared = .783; items F (1,18) = 33.55, p <.00003, eta squared =
.651 and response modality, subjects F (1,36) = 4.76 p < .05, eta squared = .563;
items F (1,18) = 14.36, p <.00005, eta squared = .444, There was no reliable three-
way interaction between noun type, presentation mode and response mode, E <1 in
either the subjects or the items analysis.

Thus both the modality in which the stimuli were presented and the modality
in which participants responded affected the number of plurals included in
compounds. Figure 2.1 shows the mean percentage number of plurals of both types
that were included in compounds when presentation modality was manipulated.
From Figure 2.1 it is evident that more irregular plurals were included in compounds
when the stimuli were presented aurally (57.14%) than when they were presented
visually (35%). A planned comparison revealed that this difference was reliable
,subjects t (38) = -2.86, p <.05; items t (6) = -4.70, p <.05. Figure 2.1 also
lllustrates that more regular plurals were included in compounds when stimuli were

presented aurally (2.3%) than when they were presented visually (0.38%). A
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planned comparison revealed that this difference was not reliable, subjects t < 1;

items t (12) = 1.00, p > .05.

Figure 2.1 Interaction between noun type and presentation modality
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Figure 2.2 shows the mean percentage number of plurals of both types that
were included in compounds when response modality was manipulated. From Figure
2.2 1t is evident that more irregular plurals were included in compounds when

participants responded orally (52.8%) than when they responded in writing
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(39.29%). More regular plurals were included in compounds when participants
responded in writing (2.3%) than when they responded aurally (0.38%). Planned
comparisons revealed that the difference in responding to irregulars 1n the different
modalities was not reliable, subjects t (38) =-1.69, p > .05; items t <1 and neither
was the difference in responding to regulars in the different modalities,

subjects t < 1; items t (6) = -2.32, p > .05. However, the differential between the
percentage of regulars and the percentage of irregulars included in compounds in the
oral response modality was greater (52.42%) than the differential between the
percentage of regulars and percentage of irregulars included in compounds in the
written response modality (36.99 %). A planned comparison revealed that the

difference between these two percentages was just reliable , subjects t (38) =-2.02, p

=.0J.
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Figure 2.2 Interaction between noun Type and response modality

N
-

U
-

=N
-

mean percentage of plurals included in compounds
S
-

20
10
0
regular/voicing change irregular
plural type
oral

— written

2.4 Discussion

The present study tested a larger number of mature native speakers than in
previous compounding experiments and also for the first time compared presentation

and response modalities within a single study. In this study, regardless of
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presentation or response modality adopted, a much higher percentage of irregular
plurals were included in compounds than was the case for regular plurals. This
behavioural dissociation between the treatment of regular and irregular plural
morphology in compounds has been reported in all previous compounding
experiments testing native speakers (Gordon, 1985; Oetting and Rice, 1993; Lardiere
and Schwartz 1997; Murphy, 2000, Nicoladis, 2000; van der Lely and Christian,
2000).

Manipulating presentation or response modality had no effect on the number
of regular plurals included in compounds. Varying presentation modality did,
however, affect the inclusion of irregular plurals in compounds. More irregular
plurals were included in compounds in the oral presentation mode where participants
were given the irregular plural than in the visual presentation modality where
participants never heard the plural used and were required to retrieve the name of the
picture from their own mental representation. These findings would seem to support
previous research which has indicated that if, in performing a task, participants are
able to make use of information provided by the experimenter then the surface
features of that information are likely to be used by the participant (Morris et al,
1977; Jacoby, 1983; Blaxton, 1989; Roediger et al, 1989, Weldon, 1991). This effect

may explain the fact that Murphy (2000), using oral presentation, found that

participants included 28% of irregulars in compounds and van der Lely and Christian
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who used a combination of oral and visual presentation also found that irregular
plurals were included in 28% of compounds produced. However, Lardiere and
Schwartz (1997) who used visual presentation found that only 4.8% of irregulars
were included in compounds. Thus methodological differences may at least in part
explain the fact that irregular plurals have been treated differently in the various
studies carried out on adult participants. The results of a study by Murphy et al (in
preparation) testing children similar in age to those tested by Gordon (i.e. between 4
and 7 years of age) are interesting in this regard. The children tested by Murphy et al
were shown visual stimuli of plural items and asked to produce the plural. Then they
were asked “what do you call someone who eats these” i.e., the plural supplied by
the child was not repeated back to them. In these circumstances, Murphy et al found
that children included irregular plurals (across all age groups) in only 34% of
compounds produced and regulars in 10 % of compounds. Interestingly the younger
children aged 4 (n=4) included regular plurals in 15% of compounds and irregulars in
28% of compounds. Children aged 5 (n=10) included regular plurals in 15% of
compounds and irregulars in 30% of compounds. Children aged 6 (n=21) included
regular plurals in 8% of compounds and irregulars in 36% of compounds. Thus, if
priming is controlled for, the dissociation between regular and irregular plurals in
compounds even in children may be reduced. Evidence from the van der Lely and

Christian (2000) study shows that it is not possible, however, to conclude that
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priming alone is responsible for the difference in the rate at which irregular plurals
have been included by children and adults in the various compounding studies. van
der Lely and Christian used exactly the same methodology as Gordon but found that
their teenage participants included fewer irregular plurals in compounds (increased
maturity may simply lead participants to be less susceptible to priming) than the
children tested by Gordon. Furthermore, van der Lely and Christian tested children

as well as teenagers as controls for their SLI children and found that they included
more irregular plurals between 5-6years of age (61.6%) than they did at 7 years of
age (55%) and in turn more irregulars than the teenagers included (28%).

Even controlling for priming effects the fact remains that mature adult English

speakers seem to include fewer irregular plurals in compounds than younger English
speakers. The pattern of responding in which irregulars are included in compounds
and regulars are omitted from compounds is strongest in children. To date, however,
all the evidence about how children treat plurals in compounds comes from
experimental studies. The only data about how frequently children include plurals in

compounds in spontaneous speech has been collected by Nicoladis (1999) who
recorded the compounds produced by a three year old English/French bilingual child.
The only irregular noun included in a compound by this child was included in the
plural form. However, he also included regular plurals in compounds roughly at

chance and thus showed evidence of a lack of competence in using plurals in
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compounds. Nicoladis (2000) has shown that knowing a second language affects the
rate at which children include plurals in compounds. Thus the evidence from this
child is of limited use and as naturalistic observation data from monolingual children
are not available, it is impossible to make conclusions concerning how frequently
children include plurals in compounds in spontaneous speech. As for adult native
speakers, Haskell et al (in press) have conducted frequency counts of the parsed
Treebank Brown Corpus (University of Pennsylvania, Philadelphia, PA) of adult
language. This has shown that regular plurals are very rarely used before a second
noun (in 2% of cases in which nouns precede other nouns). Conversely, irregulars are
produced as plurals in 12% of cases in which nouns precede another nouns. Both
regular and irregular nouns were produced as plurals (rather than singulars) at more or
less the same rate (30% for regulars, 35% for irregulars) when they preceded items
other than nouns. Frequency counts of the Wells data from the CHILDES Corpora

(Mac Whinney and Snow, 1985) have shown that out of 70 regular plurals found in
the Wells corpus in no case was a regular plural followed by another noun (Hayes et
al, 2002). Similarly, a second noun never followed the 6 irregular plurals found. 24%

of the 281 singular nouns were followed by a second noun. Thus plurals in

naturalistic speech were not included before a noun and hence the classic dissociation

between the treatment of regular and irregular plurals in compounds was not evident



60

in these samples of spontaneous speech by adults analysed by Haskell et al or

Hayes et al.

There 1s only experimental data to suggest how frequently children include
regular and irregular plurals in compounds. From this it seems that children do
include many more irregular than regular plurals in compounds. For adults both the
evidence from experimentally produced (regardless of presentation or response
modality) and spontaneously produced compounds suggests that they include very
few of either type of plural in compounds.

Both the level ordering model and the dual mechanism model have yet to
explain this apparent developmental aspect to the inclusion of irregular plurals in
compounds. In fact the optional nature of irregulars in compounds does somewhat
render the dual mechanism model unfalsifiable in terms of its relevance to
compounding. In experiments, if adults, like children, take up the option of including
irregulars in compounds, they manifest the characteristic dissociation predicted by
the dual mechanism model. If; however, adults do not include irregulars then there 1s
eftectively no dissociation between regulars and irregulars in compounds: yet

proponents of the dual mechanism model still argue that this lack of dissociation is

licensed by the dual mechanism model.
An explanation based on the frequency of occurrence of items and the

patterns in which regular and irregular plurals occur in the linguistic input might,
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however, explain both the treatment of regular and irregular plurals in compounds
(Murphy, 2000). Looking first at regular plurals, adult English speaking participants
seem to omit regular plurals from compounds, regardless of the manner in which the
stimulus is presented or the modality in which they are asked to supply responses.
This robust experimental finding may be due to the fact that regular morphology 1s
governed by a rule based system. However, it might equally be due to the fact that
regular plurals are far more frequent in the English language than irregular plurals.
Regular plurals make up 98% of noun types and 97% of noun tokens (Marcus,
1995a). Thus 98% of all nouns in English add an [-s] sound to make their plural. And
97% of all plural usage in English involves the processing of the [-s] sound at the end
of a noun. Thus, adult English speakers will have had a great deal of practice in using
the regular plural morpheme at the end of words and thus never in the middle of
words (such as compounds). Certainly, frequency counts of a sample of the Wells
corpus of child directed speech (Hayes et al, 2002) have shown that the regular
plural affix is never included in the middle of words in English. Furthermore, as
discussed in Chapter 1, competition between the possessive and the plural
morpheme may explain why regular plurals are omitted before a second noun.
Varying presentation modality did, however, affect the inclusion of irregular plurals
in compounds. Again it may be that irregular plurals are affected by changes in

modality in a way that regulars are not because unlike regulars they are not mediated
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by an “automatically” applied rule. However, it may be that the token frequency of
individual 1rregular plurals influences the way they are treated in compounds.
Irregular plurals have a much lower type frequency than regulars and while some
irregulars are phonologically similar, e.g., mouse-mice/louse-lice; tooth-teeth/foot-
feet/goose-geese; man-men/woman-women, there is no one dominant phonological
pattern occurring in one particular place in the irregular plurals. Also as irregulars are
not formed by the addition of the plural [-s] morpheme they also do not compete
with the possessive structure and therefore they may be followed by the second
noun.

Research manipulating the token frequency of regular and irregular plurals
might provide a clue as to why all regulars are treated the same in compounds but
irregulars manifest greater variability regarding plural marking in compounds. Ellis
and Schmidt (1998) required participants to learn a miniature artificial language
(MAL). The regular plural prefix used in this MAL had an overwhelmingly higher
token frequency than the individual irregular plural patterns used, although some of
the irregulars had very high individual token frequencies (as is the case with the

plurals in English (Marcus, 1995a)). Ellis and Schmidt showed that in the very

earliest stages of language learning both regular and irregular morphology were subject
to token frequency effects. With increased exposure to a language, however, token

frequency effects on the regular plurals disappeared due to the power law of
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practice. The power law of practice states that the amount of improvement shown in

the processing of particular items decreases as a function of increasing exposure to
those items (Anderson, 1982). Thus as performance approaches asymptote on very
frequently encountered items it is difficult to influence performance by introducing
extraneous variables such as changing presentation modality. Thus in both the MAL
and in English the regular plural affix develops “high lexical strength” (cf. Bybee,
1995) and becomes invulnerable to contextual effects.

It might be argued therefore, that well-practiced language users (i.e., adult
native speakers) learn that the high token frequency regular plural affix [-s] goes at
the end of words and the sequence noun -morpheme [-s] — noun- is reserved for
marking possession rather than plurality (in almost every case). High token
frequency irregulars may also have accrued enough “lexical strength” (cf. Bybee,
1995) to withstand the influence of extraneous variables such as the modality in
which the word is presented. Thus like regulars, regardless of context, they also are
excluded from appearing in the middle of words such as compounds. The regular
plural affix has a considerably higher token frequency than even the highest token

frequency irregular plural, however, it may be that the two pattern together due to
the semantic link of plurality i.e., that any plural noun (regardless of token
frequency) conveys the concept of “more than oneness”. Lower token frequency

irregulars plurals, however, may not have enough “lexical strength” (cf. Bybee,
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1995) to withstand these external influences and thus in some contexts language users

may be “tempted” to include them in the middle of words such as compounds.
Certainly, in this experiment, when participants were given the plural form, it seems
that they were “tempted” to repeat the plural form in more than half of the
compounds produced using irregular plurals. Where they had to identify a picture
from their own mental representations they were less tempted (in 37% of cases) to
include the plural form of the irregular. Indeed, in this experiment, participants
included the lowest token frequency irregular plural nouns in compounds twice as
often as those with the highest token frequencies (t (2) = -4.44, p <.05). The two
irregular plurals with the lowest token frequency “mice” and “geese” (token
frequency 9 and 3 per thousand respectively (Kucera & Francis, 1967)) were
included in an average of 25% of compounds. Conversely the high frequency
irregulars, “men”, “women” and “children” (token frequency 752, 184 and 346 per
thousand respectively (Kucera & Francis, 1967)) were only included in an average of
11% of compounds. The difference between the results of the present study (i.e.,
that 57% of orally presented irregular compounds contained plurals) and those

reported by Murphy (2000) (where 28% of orally presented irregular compounds
contained plurals) may be partly explained by the items that were tested. Murphy
did not test the low frequency item ‘geese’ which was the most frequently included

item in this experiment (included in 28% of opportunities).



65

The difference between the number of irregular plurals included by children
and adults in compounds may result from the fact that children have processed fewer
plurals than adults. The children tested in the various compounding experiments may
have sufficient experience with regular plurals to learn that the [-s] morpheme goes at
the end rather than in the middle of words. Furthermore, they may also have learned
that the pattern noun - morpheme [-s] — noun - is reserved for marking possession.
However, they will have experienced far fewer of any one irregular plural pattern and
hence the frequency effect will not have “kicked in”. Thus they tend to include all
irregulars in compounds. The SLI children, tested by van der Lely and Christian
(2000) who evidence suggests are developmentally delayed in mastering the use of
plurals in compounds included regulars as well as irregular plurals in compounds.
Correspondingly, the French ESL participants tested by Murphy (2000), and the
Spanish ESL participants tested by Lardiere (1995a), who included a large number of
regular plurals in compounds, may not have had enough experience with English
regular plurals to learn that they always go at the end rather than in the middle of
words. Furthermore, abetted by the fact that possession is not marked with the same

morpheme as plurality in their native languages, (i.e., in Spanish Mother’s house 1s
“la casa del mama” and in French it is “la maison de ma mere”), they may also have
yet to master the competitive relationship between the plural and the possessive

morpheme in English.
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The role that individual irregular plurals play in the compounding task in
general needs to be considered further. For instance, there is already considerable
evidence to show that “feer” and “feeth” are frequently included in the plural form (in
26% and 21% respectively of opportunities in this experiment). The inclusion of
‘feet’ and ‘teeth’ is perhaps due to a semantic effect that they are treated like some
kind of collective noun (Lardiere, 1997, Murphy 2000). Other research (Seidenberg,
Haskell and MacDonald, 1999) has suggested that the sound of an item may affect
its inclusion in compounds. According to Seidenberg et al, irregular plurals are only
included when they do not sound like regular plurals. Hence, “feet” would be
included but items such as “mice” and “geese” would be omitted. Certainly, 1n this
experiment voicing change plurals (e.g., “wolf”, “wolves”), described by some as
irregulars (Marcus,1995), which end in an allomorph of the plural [-s] morpheme
and involve a voicing change to the final consonant of the stem, were treated like
regular plurals. However, “geese” and “mice” which Seidenberg argued would also be
omitted from compounds because they “sound” like regulars were the most
frequently included irregular plurals in this experiment. However, while these results

provide mixed support for Seidenberg et al’s ideas the point is that not all irregular
plurals are treated the same in the compounding task.
Thus, further research is required to investigate the role that token frequency,

semantics and phonetics might play in how a particular irregular is treated in a
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compound. These factors need to be systematically tested in a cross-sectional study
(perhaps using a language which includes more irregular plurals than English) to
provide an indication of how items with different token frequencies, semantics and
phonetics are treated by different age groups.

In conclusion, work carried out by Murphy and Ellis (in preparation) has
shown that when the frequency differences between regular and irregular morphology
are matched then the differences between them are eliminated. Thus it may be that
the behavioural dissociation between the treatment of regular and irregular plurals in
compounds 1s simply mediated by the frequency of the two types of morphology in
the English language. In other words, the compounding phenomenon, rather than
being the result of the differences in output of two separate mechanisms, is due to

the fact that the token frequency of the regular plural morpheme is far more frequent

than the token frequency of any one irregular plural. This frequency factor may work
alongside the fact that regular plurals are omitted from compounds because the
pattern - noun - [-s] morpheme - noun - is reserved for marking possession to ensure
that regular plurals are never included in English compounds. Irregulars are not
formed by the addition of the [-s] morpheme and thus do not compete with the
possessive construction and as such may be included in compounds. The evidence
reported here is in line with the notion that input driven rather than innate

constraints drive the dissociation between regular and irregulars.
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Chapter 3

3.1 Introduction

3.1.1 Background

Much of the previous work conducted on the treatment of plural morphology
in compounds has concluded that regular and irregular plurals are treated differently
in these structures because the two types of morphology are mediated by separate
cognitive systems. However, from the work reported in Chapter 2 it seems that the
considerable difference in the frequency with which the two types of morphology
occur in the input is more likely to result in the dissociation in the way the two types
of morphology are treated in English compounds. Irregular plurals have a low type
frequency in English. In Chapter 2 it was argued that relative to the regular plural,
language users encounter irregular plurals infrequently and rarely before a second

noun. Thus they can be very unsure whether to include them in the singular or the

plural form in a compound. Regular plurals are very frequent in the input. Language
users learn quickly to add an [-s] to the stem to make the vast majority of plurals in
English. They also quickly learn to omit the [-s] morpheme when a second noun
follows the regular plural. Comparing the very frequent, highly consistent regular

plurals with the low type frequency irregular nouns that seem to be arbitrarily

formed as singulars or plurals in compounds seems to be an erroneous route for
future compounding research to take. The remainder of the research reported in this
thesis focuses on the more interesting issue concerning the factors which dictate why

the plural [-s] morpheme is omitted from compounds. It will be argued that the
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regular plural [-s] morpheme is omitted from compounds because language users
learn that the pattern —noun- [-s] morpheme-noun - is reserved for marking
possession rather than plurality. Learning about competition between the plural and
the possessive morpheme may well proceed using the constraint satisfaction model
proposed by Haskell et al (in press). The competition between the plural and the
possessive [-s] morpheme may serve to enhance Haskell et al’s model as it provides
an explanation for why the semantic constraint on the use of plurals before second
nouns develops in English but not in other languages. Furthermore as Murphy
(2000) pointed out, language users may omit the regular plural [-s] from the middle
of words such as compounds because it is so closely associated with word-finality.
The advantage of this associative memory-based probabilistic account of
compounding is that it allows for some regular plurals to be included in compounds
In some circumstances. There is evidence, for instance, of regular plurals being
Included in compounds for semantic reasons such as in Pinker’s (1999) examples
publications catalogue or drinks trolley. Also, less proficient language users such as
very young native speakers (Murphy et al, in preparation), English second language
learners (Lardiere, 1995; Murphy, 2000) and SLI children (van der Lely and
Christian, 2000) have been found to include a relatively high number of regular

plurals in compounds. Thus rather than the inclusion of plurals in compounds being
mediated by a “black and white” rule, the evidence points to a continuum based
system. Along this continuum, some language users are more likely than others to
use plurals in some circumstances. Importantly, no structures are prohibited. Haskell

et al (in press) found evidence for a continuum of this sort testing adult native
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English speakers. They found that participants rated singular nouns in compounds
(e.g. toe examination or tooth examination) as sounding most acceptable to them.
Compounds that included irregular plurals (e.g. teeth examination) were rated as
being less acceptable but more preferable to compounds which included regular
plurals (e.g. foes examination). Haskell et al obtained their results using a
questionnaire-based preference task in which participants had the opportunity to read
both forms of a compound (i.e. they had to choose between compounds which
included a plural non-head noun or compounds which included a singular non-head
noun) and decide which they preferred. Senghas et al (1991) found similar results
also using a questionnaire-based paradigm. To date, however, a participant’s ability
to process compounds including different linguistic features that they see or hear
“on-line” has not been tested. In the following experiment native adult English
speakers were asked to process “noun-noun” compounds as part of an on-line lexical
decision (LD) task. The advantage of an “on-line task” over a questionnaire-based
preference paradigm, is that it is possible to collect reaction time and thus obtain a
measure of the relative degree to which some structures are more easily processed
than others. The advantage of processing studies over production studies is that it is

possible to measure how participants respond to structures that they might in fact
never produce and never encounter in natural language. Reaction time data is
frequently collected in lexical decision tasks because it offers an indication of the
amount of processing that is required before a participant is able to confirm that a
word 1s a real word i.e. is present in their lexicon, or is a non-word, i.e. is not present

in their lexicon. While the dual mechanism model makes the prediction that only
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irregular plurals are stored in the lexicon, the associative explanation put forward
here and Haskell et al’s constraint satisfaction model hypothesise that both types of
plural are represented in the same way. Thus a timed LD task should provide

interesting indicators of how much processing and or “searching” needs to be carried
out in order to manipulate different types of morphology in compounds.

Furthermore, there is considerable evidence that the frequency of items in the input
affects how quickly they are accessed in a LD task. If the [-s] phoneme is frequently
associated with word finality it may take longer to confirm that items where the [-s]
phoneme occurs in the middle of words (such as compounds) are real words.
Compounds where the non-head noun ends in a phoneme other than [-s] should be
identified more quickly as real words because these structures are more frequent in
the input.

In this experiment reaction times and error rates were recorded for six
different categories of words in the same within subjects design. The types of
compounds' tested were ones in which the first noun was either (1) a regular plural
noun (2) a possessive noun (3) an irregular plural noun (4) a comparative or a
superlative (1.e. regular, non-plural morphemes which do not end in [-s] (included as
a control for possessives)) (5) a singular/mass noun which ends in phonetic [-s] (6)

a singular/mass noun which ends in a phoneme other than [-s].

] " . » . . . . .
The stimuli in this experiment are described as being compounds. However where a possessive noun
Or a comparative or superlative was used as the first element in a compound these are not truly compounds as
defined by linguists. In this associative account, the interest was in two word combinations rather than strict

compounds and as such these items were included in the experiment.
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The inclusion of these various items tested the single route associative
explanation of compounding. This design enabled the investigation of whether

possessive nouns followed by a second noun are processed more quickly than
compounds containing plural nouns, an important prediction of this alternative
explanation of compounding.

Also, 1f as Murphy (2000) suggested, plural [-s] is omitted from the middle
of words like compounds because it is associated with word finality, then
compounds in which the first noun ends in [-s] (of any kind) should be processed
more slowly than compounds that do not include a first noun ending in [-s]. More
specifically, singular/mass non-head nouns ending in the [-s] phoneme should be
processed more slowly than singular/mass non-head nouns ending in another
phoneme.

Further hypotheses were investigated to test the dual mechanism model’s
explanation of compounding. Pinker (1991) stated that:

“because it categorically distinguishes regular from irregular forms, the rule-

association hybrid predicts that the two processes should be dissociated from

virtually every point of view.....[including] reaction time ....... " (p 253).

However, the dual mechanism model makes no directional prediction as to which
type of morphology might be processed more quickly. Beck (1997) asked native
speakers to supply the past tense of a series of base form regular and irregular verbs.
Beck found that both low and high frequency regulars were produced more quickly
than both low and high frequency irregulars. By collecting reaction times in the

present experiment it was possible to test the speed at which the two types of
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morphology were processed within compounds in a lexical decision task. Secondly,
and more specifically, it was predicted that compounds containing irregular plurals
and compounds containing regular plurals would be processed at different speeds.
Thirdly, it might be expected that items of regular morphology (i.e., regular plurals,
possessive nouns and comparatives and superlatives) that, according to the dual
mechanism model are all produced by the same system, would be processed at
similar speeds. A list of the specific hypothesis that were tested is shown in section
3.1.2 together with the predictions stemming from the frequency explanation, the

dual mechanism model and the constraint satisfaction model.

3.1.2 Hypothesis and predictions of the frequency explanation, the dual mechanism

model and the constraint satisfaction model

1. All types of non-head nouns ending in [-s] will take longer to process than all types of non-
head nouns not ending in |[-s].

Groups compared: All types of non- head nouns ending in [-s] (regular plurals, possessive nouns,
singular/mass nouns ending in phoneme [-s]) and all types of non-head noun not ending in [-s]
(irregular plurals, comparatives and superlatives, singular/mass nouns ending in phonemes other than

[-s]).
Predictions

— Frequency based explanation - If [-s] is associated with word finality then words that do not
end in [-s] should be processed more quickly in the middle of words such as compounds. Not all

items ending in [-s] will be processed at the same speed. More frequent items will be processed
more quickly than less frequent items.

= Dual mechanism model - No prediction.
— Constraint satisfaction model - Words ending in {-s] are more likely to sound like regular
plurals and as such are more likely to be subject to the phonetic constraint and should therefore

take longer to process than words that do not end in [-s].

2. Not all items ending in [-s] will be processed at the same speed. In particular possessive
nouns should be processed more quickly than regular plurals

Groups compared: Regular plurals, possessive nouns and singular/mass nouns ending in phoneme

[-s].
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Predictions

Frequency based explanation — Possessive nouns should be processed more quickly than
regular plurals because they occur more frequently before a second noun, The rate at which
singular/mass nouns ending in phonetic [-s] are processed depends on their individual frequency

in the input.

Dual mechanism model - No prediction.

Constraint satisfaction model ~ Regular plurals should take the longest to process because they

are subject to both the phonetic and the semantic constraint. The phonetic constraint implies that
reaction time to process possessive nouns and singular/mass nouns ending in phonetic [-s] should
be related to their similarity to regular plurals.

Singular/mass nouns ending in phoneme [-s] will be processed more quickly than
singular/mass nouns ending in other phonemes.

Groups compared: Singular/mass nouns ending in phonetic [-s] and singular/mass nouns ending in
other phonemes.

Predictions

4.

Frequency based explanation — If [-s] is associated with word finality then words ending in [-s]
may be difficult to process in the middle of words such as compounds. Nouns that do not end in
an [-s] may be processed more quickly in the middle of words.

Dual mechanism model - No prediction.
Constraint satisfaction model - Singular/mass nouns ending in [-s] should be processed more

slowly because they are more likely to sound like regular plural and as such are subject to the
phonetic constraint.

Regular morphology will be processed at different speeds than irregular morphology

Groups compared: All regular morphology (i.e., regular plurals, possessive nouns, comparatives and
superlatives) and irregular plurals.

Predictions

Frequency based explanation — All items of regular morphology tested have a higher type
frec!u::ncy th_an irregular plurals and should therefore be processed more quickly. However,
individual high token frequency irregulars may be processed quickly.

Dual mechanism model -~ No directional prediction. However, there should be a difference
between the two types of morphology. However, implied in the dual mechanism model is the
idea that the stored irregulars have to be searched through before the default rule is applied. Thus
it is implied that irregulars should be processed more quickly than regulars. Also regulars are
prohibited from occurring in the middle of compounds and encountering something that is not
possible may lead participants to process regulars more slowly than irregulars.

Constraint satisfaction model - Regular plurals should take longer to process than irregular
plurals because they are influenced by both the semantic and the phonetic constraint (irregulars
are only influenced by the semantic constraint). Possessives should be processed at a similar rate
to irregular plurals as both are only influenced by one constraint (the phonetic and semantic
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constraint respectively). Comparatives and superlatives should be processed faster than irregular
plurals because they are not subject to either type of constraint.

5. Regular and irregular plurals will be processed at different speeds.
Groups compared: Regular and irregular plurals.

Predictions

- Frequency based explanation — Regular plurals have higher type frequency so should be
processed more quickly than irregulars as a group. However, individual high token frequency

irregulars may be processed quickly.

— Dual mechanism model - No prediction. However, there should be a difference between the two
types of morphology. Implied in the dual mechanism model is the idea that the stored irregulars
have to be searched through before the default rule is applied. Thus it is implied that irregulars
should be processed more quickly than regulars. Also regulars are prohibited from occurring in
the middle of compounds and encountering something that is not possible may lead participants
to process regulars more slowly than irregulars

— Constraint satisfaction model - Regulars should be processed more slowly than irregulars

because they are subject to both the semantic and phonetic constraint. Irregulars are only subject
to the semantic constraint

6. All types of regular morphology will be processed at the same speed
Groups compared: Regular plurals, possessives, comparatives and superlatives
Predictions

— Frequency based explanation — Regular plurals will take longer to process than possessives or
comparatives and superlatives because they occur less frequently before a noun in the input

= Dual mechanism model - All items of regular morphology are formed using the same rule based
mechanism so all items should be processed at the same rate

- Constn:aint satisfaction model - Regular plurals should be processed the slowest because they
are subject to both the phonetic and semantic constraint. Possessives, because they are subject to

the phm:;etic constraint only, should be processed more slowly than comparatives and
superlatives that are not subject to either constraint

3.1.3 Summary of predictions

The order in which the Frequency based account the dual mechanism
account and the constraint satisfaction model would predict that the word groups
would be processed is shown in Table 3.1
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Table 3.1. Predicted order in which the word groups should be processed according
to the frequency based account the dual mechanism account and the constraint

satisfaction model

Frequency based account 1= singular nouns not ending in [-s]
1= comparatives/ superlatives

3. possessives

4=regular plurals

4= singular nouns ending in [-s],

6. irregular plurals

1= comparatives/superlatives
1= possessives

1= regular plurals

4. irregular plurals.
(Singular nouns not ending in [-s], Singular
nouns ending in orediction

Constraint satisfaction model 1= singular nouns not ending in [-s],
1= comparatives/superlatives,

I 3= possessives

3= singular nouns ending in [-s]
3= irregular plurals

6. regular plurals

Dual mechanism account

Note- predicted fastest group shown first

3.1.3 Modality effects

In the production experiment reported in Chapter 2 it was found that the

modality in which items are presented affects the type of morphology that is
included in compounds. The inclusion of irregular plurals is particularly linked to
the context in which items are presented to participants. This data has contributed to
the growing evidence that, due to the low type frequency of irregular nouns in the
input, participants produce either the singular or plural form of an irregular noun
before a second noun more or less at chance. This seems to happen because
language users have no firm template of how to treat irregular plurals in compounds.
Thus in this first “on-line” processing experiment, the stimuli were presented both
aurally and visually to see if the modality in which items were presented would also

affect how compounds containing different types of morphology are processed.
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3.2 Method

3.2.1 Design

In a mixed design, type of word was the one within subjects factor tested at 6
levels (regular plural, possessive, comparative/superlative, irregular plural, singular
or mass nouns ending in phonetic [-s], singular or mass nouns ending in phoneme
other than [-s]). Two between subjects factors, modality and presentation order were

tested. Half the participants were required to process visual stimuli; the other half
processed aural stimuli. Within each presentation condition, half the participants
were presented with the stimuli in one random order and half were presented with 1t
in a second random order. The dependent variables were reaction time and accuracy

(measured in terms of number of items correctly categorised as words or non words).

3.2.2 Participants

44 undergraduate students in the Department of Psychology at the University
of Hertfordshire took part in the study in exchange for course credit. All were native
English speakers and had been educated in the UK continuously between the ages of

5 to 18 years. The average age was 21.5 years. 41 participants were female and

three were male.

3.2.3 Materials and stimuli

The first noun in each compound was taken from one of six groups. These
were: - (1) regular plural nouns (2) possessive nouns (3) comparative/superlatives
(4) irregular plural nouns (5) singular/mass nouns ending in phonetic [-s] (6)

singular/mass nouns ending in a phoneme other than [-s]. A one way analysis of



78

variance found that there was no difference in frequency between the non-head

nouns used in the various groups of items. The second noun in each compound was a
deverbal noun, 1.€., a noun that is derived from a verb (e.g., walker, chaser). A one

way analysis of variance found that there was no difference in frequency between
the head nouns used in the various groups of items. Table 3.2 shows examples of
each type of compound tested (A full list of stimuli is shown in Appendix B.1). In
the visual condition, the apostrophe was omitted from all the possessive nouns thus
making it impossible to distinguish between the plural and possessive solely on the
basis of punctuation. Each compound was preceded by a contextualizing sentence
which pilot work had confirmed would lead the first noun in the compound (e.g.,
rats in *rats eater) to be interpreted appropriately (as either possessive or plural). In
the pilot study 10 participants were read a list of 50 randomised sentences such as /
Jeed four cats, a Burmese, a Siamese and two lovely old Persians, I enjoy being a
cats feeder (example of plural sentence) or Last week, I left my purse in a London
taxi, luckily, I managed to signal to the *taxis driver (example of possessive
sentence) and asked, in the case of these examples, how many cats and how many
taxis were implied? All participants were over 80% accurate on the test.

To ensure uniform treatment of all stimuli, contextualising sentences also
preceded the first noun even where they were not taken from the plural or possessive

groups (see Table 3.2. for examples of sentences). For every compound made up of

real words, a dummy compound was also constructed made up of 2 non-words (see
Appendix B.2). In the visual condition, sentences and compounds appeared centred

on the computer screen in 48pt type. Stimuli were presented on an Apple imac
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computer using Psyscope software (Cohen, MacWinney, Flatt & Povost, 1993). In

the aural condition, the compounds were recorded into the Psyscope package and

participants heard the stimuli played to them through headphones. Response times

were recorded by the Psyscope software.

Table 3.2 Examples of stimuli tested

Group Example of context sentence Examples of
compounds
(1) Possessive nouns (n=20) Last week, I left my purse in a London taxi. taxis driver

Luckily, I managed to signal to the

(2) Regular plural nouns (n=26) I feed four cats, a Burmese, a Siamese and two
lovely old Persians. I enjoy being a

(3) Irregular plural nouns (n=9) Women always get lowly jobs. In the nursery
rhyme the farmer’s wife is nothing more than a

(4) Comparatives or superlatives Greg is very modest. He was amazed to hear that

(n=8) his song is still the record company’s

(5) §ingular/mass nouns We’ll have a larger lawn and mowing the grass
ending in phoneme [-s] (n=24) will take longer. I'm thinking of employing a

(6) singular/mass nouns Stephen is so skilled at mixing cocktails that the

?nd;ng in a phoneme other than [-s] hotel want him to work permanently as a
n=22)

3.2.4 Procedure

cats feeder

mice chaser

biggest seller

grass cutter

drink server

Participants were tested individually in an experimental cubicle at the

University of Hertfordshire. A preliminary briefing took place during which

participants were told that they would be expected to categorise a series of

compounds as being made up of real words or non-words. It was also explained that

compounds should be categorised as real if they were made up of 2 real English

words even if they were 2 words that the participant would never use together.
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