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5 Perception studies of the use of frequent frames 
by Dutch infants 

 
This chapter presents the outcomes of two perception experiments with Dutch 
infants. These outcomes form part of the answer to the question as to which input 
properties play a role in learning to categorize verbs and nouns in Dutch. The input 
study on co-occurrence patterns reported in Chapter 4 revealed that the co-
occurrence properties of frequent frames in the Dutch input differ from those in the 
English input. Although for both languages the co-occurrence of words is an 
indicator of categories, this indicator could be more helpful in English than in Dutch. 
The experiments in this chapter test at which structural level co-occurrence 
information is used by Dutch children to categorize nonsense words: that of words 
or morphemes. The first experiment tests whether Dutch infants aged 12 and 16 
months use frequent word frames for categorization in a way similar to English 
infants. In this sense it tries to replicate Mintz’ (2006) study with Dutch infants, but 
recall that the input study reported in §4.3 revealed that the word-level may be not 
the right level for accurate categorization in Dutch. So the second experiment tests 
whether 16-month-old infants use morpheme frames, which are finer-grained than 
word frames. After a discussion of the research questions and expected outcomes 
(§5.1), both experiments are described in detail (§5.2/§5.3). The chapter finishes 
with a conclusion and a discussion of the cross-linguistic differences between 
English and Dutch (§5.4). 

 

5.1. Introduction 
According to Mintz (2006), frequent frames play a role in learning to categorize. His 
experiment with English 12-month-olds showed that these infants do indeed use 
frequently co-occurring non-adjacent words to categorize intervening nonsense 
words. In this chapter two experiments are reported that test whether frequent frames 
are equally relevant in learning to categorize in Dutch. The first experiment is a 
close replication of Mintz (2006) and tests the use of frequent frames in terms of 
words (frequent word frames). The second experiment tests the use of frequent 
frames in terms of morphemes (frequent morpheme frames - Erkelens, Kerkhoff, & 
De Bree, in prep). 

The input studies reported in §4.3 revealed a difference between English and 
Dutch with respect to the co-occurrence patterns of words. Dutch frequent word 
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frames turned out not to be as reliable for categorization as English frequent word 
frames. Whereas the average accuracy of the English frame-based categories ranges 
from 0.80-0.98, the Dutch accuracy rates were significantly lower, with averages 
ranging from 0.38-0.76. These language-specific accuracy rates are potentially 
problematic for the notion that frequent word frames could be an important 
mechanism for learning categories. However, they do not need to be problematic. 
First, since the Dutch accuracy rates are significantly higher than baseline, children 
may still be able to use the frequent word frames for categorization. Second, even if 
they do not use word frames, the frequent frame mechanism may work at another 
level of analysis, depending on the material available in the language input. Since 
nominal and verbal morphology is richer in Dutch than in English, the Dutch input 
contains more instances of the smaller frame of affixed morphemes. There is 
evidence that children start with a small processing window and only gradually pay 
attention to dependencies over a longer distance (see further discussion in §6.3, and 
Santelmann & Jusczyk, 1998). If we assume that the default assumption of a 
language-processing child is to pay attention to the smallest frequently co-occurring 
segmentable units, a Dutch child will find more bound morphemes than an English 
child. So if co-occurrence properties play a role in learning to categorize, Dutch 
infants might detect frequently co-occurring morpheme frames that are not 
frequently co-occurring word frames.  

Mintz (2006) established that English-learning 12-month-old infants use verbal 
frequent word frames to categorize nonsense words. His work tested the validity of 
frequent word frames as learning mechanisms by teaching infants nonsense words 
embedded in the frequent frames (e.g., gorp in the frame you X it) and testing them 
on the same words in frames of the same category (e.g., I gorp you) or of a different 
category (e.g. a gorp of). Therefore, the most plausible way to answer the question 
whether Dutch infants use frequent word frames is to replicate Mintz’s (2006) 
experiment with similarly-aged children in Dutch. The results depend on whether 
using frequently co-occurring words is a general learning mechanism for 
categorization, irrespective of any smaller co-occurring non-adjacent units available 
in the language. If infants use frequently co-occurring words as a category-indicative 
property, it is expected that Dutch 12-month-olds show the same sensitivity to 
frequent frames as the English 12-month-olds did. However, if the general learning 
mechanism is not the use of frequently co-occurring words but rather of the smallest 
frequently co-occurring units in the language, the expectation changes: Dutch 
children may then not use word frames but rather morpheme frames. 

In §5.2, the frequent word frame (FWF) experiment is reported, and in §5.3 the 
frequent morpheme frame (FMF) experiment. The FWF experiment was carried out 
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with both 12-month-olds and 16-month-olds in order to track the development of 
sensitivity towards word frames. The FMF experiment was run only with 16-month-
olds, a different group than those use in the FWF experiment. 
 

5.2. Use of frequent word frames by Dutch infants 
The FWF experiment reported here20 was designed to test the cross-linguistic 
viability of using frequent word frames as a general mechanism for categorzing 
verbs and nouns. If using frequent word frames is a general mechanism for 
categorzing verbs and nouns, it is expected that Dutch infants exploit this 
mechanism and show use of frequent word frames for categorization. Despite the 
lower accuracy of the Dutch frame-based categories (see §4.3.2), the frequency of 
the word frames in the Dutch input is similar to the frequency of the word frames in 
the English input. If the frequent co-occurrence of two words with exactly one 
intervening word is a property used by children to categorize the intervening words, 
both Dutch 12-month-olds and 16-month-olds will use frequent word frames. 
However, if the frequent co-occurrence of two elements with the smallest possible 
position intervening is a property used by children to categorize the intervening 
forms, neither Dutch age groups will use frequent word frames. A mixed outcome, 
in the sense that the older Dutch age group uses frequent word frames but the 
younger age group does not, would point to a later sensitivity to word frames in 
Dutch relative to English, due to the less consistent cues to be obtained from the 
word frames. 

5.2.1. Stimuli 

The stimuli for the perception experiment consisted of short sentences in which 
nonsense words were embedded in eight different frequent word frames – four 
verbal and four nominal. The selection of the four nonsense words used in the 
experiment was based on their phonological make-up and the ease with which adult 
native speakers of Dutch could perceive the words in the contexts of the stimuli. For 
example, since the second word of the frame de X van ‘the X of’ starts with the 
voiced fricative [v], which is assimilated to a directly preceding voiceless fricative, a 
nonsense word ending in the voiceless fricative [f] would be difficult to perceive in 
this context. Trommelen (1989, and see §4.2) showed that Dutch nouns display more 
variance in phonological structure than verbs. Since it has been shown that adults are 
sensitive to these phonological differences indicative of category, the nonsense items 

                                                 
20 This experiment has also been reported in Erkelens (2008) 
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used here had to be phonologically ambiguous, in the sense that the word could 
equally well be a noun or a verb. Therefore, only non-words with a segmental make-
up similar to those that were classified equally often as nouns and as verbs by Dutch 
adult speakers were selected. Two nonsense items had a CCVC structure (plif 
[plIf] and klot [klçt), whereas two others had CVC structures (daap [dap] and sook 
[sok]). Each type of frame contains two nonsense items, one with each segmental 
make-up. The division of nonsense words over frame types was counterbalanced 
across two test groups, A and B, such that sook and plif for example were verbs for 
the A group but nouns for the B group. 

The selection of the frames used in the experiment was based on the input 
analysis reported in §4.3. The following criteria, formulated originally by Mintz 
(2006: 52), were used to select frequent word frames for the Dutch experiment: (a) 
the frames have to be among the frequent word frames in as many different corpora 
as possible, and (b) there is no overlap between framing words (i.e., if the frame you 
X that is selected, all other frames starting with you or ending with that are 
excluded). Like Mintz, I added four training sentences (one for each nonsense word) 
that did not contain frames, but bigrams (i.e., frequently co-occurring combinations 
where the first word serves as the context for the second, as in the X or you X) to 
make sure that the children would segment the nonsense words. In these four bigram 
sentences, the bigram was always at the end of the sentence, which increases the 
chance that the nonsense words will be segmented (see Jusczyk & Aslin, 1995). The 
final selection contained three verbal and three nominal frames that were frequent in 
as many different corpora as possible, as well as one verbal and one nominal bigram. 

The selection criterion of no overlap between framing words was impossible to 
implement for Dutch verbal frames: there simply were no three different verbal 
frames without any overlap in the framing words. This is due to the presence of 
verbal inflection in Dutch. The children should have access only to the frequent 
word frame information, so frames with personal pronouns that require an inflected 
form cannot be used in the FWF experiment. The only Dutch pronouns that do not 
require an overtly inflected verb form are first person singular (ik ‘I’) and second 
person singular inverted (je ‘you’). Some minimal overlap in the framing words 
must be accepted, in the sense that one of the pronouns ik and je has to be used 
twice. A post-hoc test can reveal whether any significant results are due to the test 
item with only that specific pronoun, which would point to lexical storage of word 
combinations rather than categorization.  

The four verbal frames that were among the frequent in all of the four input 
corpora are: wat X je ‘what X you’, dan X je ‘then X you’, ik X het ‘I X it’ and ik X 
niet ‘I X not’. Of these four frames, three have to be selected as the experimental 
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frames. Because the pronoun het ‘it’ is ambiguous in Dutch, in the sense that it can 
also be a definite determiner (‘the’), ik X het was not selected. Since ik is the only 
pronoun preceding a verb that selects a bare stem as its verb form, the verbal bigram 
is ik X ‘I X’. This resulted in the verbal frames in (1). 

 
(1) wat X je  ‘what X you’ 

dan X je  ‘then X you’ 
ik X niet  ‘I X not’ 
ik X  ‘I X 

 
For the nominal frames the selection criterion of being among the frequent word 

frames across as many corpora as possible cannot be met. There are not enough 
nominal frames among the frequent word frames from the corpus analysis, since 
they occurred in the Dutch input speech much less frequently than the verbal frames. 
Therefore, frames had to be added that do not occur in the 45 most frequent word 
frames from the corpora. Since Dutch has gender marking on the determiner it was 
important to ensure that no gender violations could occur within the nonsense items. 
The stimuli were selected in such a way that all nonsense items had common gender, 
which means that they could be combined with the definite determiner de ‘the’, the 
indefinite determiner een ‘a’, and the demonstratives die ‘that’ and deze ‘this’. After 
the selection of the three most frequent nominal frames in the corpora, the only 
preceding word with common gender left was deze, so the nominal bigram for Dutch 
is deze X ‘this X’. The nominal frames selected for the experiment are in (2). 

 
(2) de X van  ‘the X of’ 

een X op  ‘a X on’ 
die X die  ‘that X that’ 
deze X  ‘this X’ 

 
In Table 5.1, the resulting set of verbal and nominal frames used in the 

experiment are presented, along with their accuracy and frequency scores. The 
overall frequency of the frames used in the stimuli is comparable to the frequency of 
the English frames used in the experiment by Mintz (2006).21 However, as can be 
observed from Table 5.2, the Dutch verbal frequent word frames seem slightly more 
frequent than the English ones, whereas the Dutch nominal frequent word frames 

                                                 
21 For this comparison I used only the English corpora of Peter, Eve, Nina, and Naomi, since these are 
comparable in size to the four Dutch corpora. The corpora of Anne and Aran are so-called ‘dense 
databases’, which are not available for Dutch. 
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seem slightly less frequent than the English ones (note that the frames used for the 
experiment overall are less than 1% of the entire input, except for the wat X je frame 
that is almost 2%). These differences were not significant, however (χ² (1)= 2.00, p 
= .16). The frequency of the frames used in this Dutch experiment can therefore be 
considered equal to the frequency of the frames used in the English experiment. 
 
Table 5.1. Frequency and accuracy across the four Dutch CHILDES corpora 
(Matthijs, Sarah, Daan, Laura, see §4.3.2) of frames used in the stimuli for the FWF 
experiment. 

 
Frame Mean accuracy (standard, 

tokens) 
Mean frequency 
(percentage of total number 
of utterances) 

dan X je 0.96 0.51 
wat X je 0.99 1.73 
ik X niet 0.54 0.34 

All verbal 
frames 

0.83 0.86 

de X van 0.95 0.15 
een X op 0.73 0.23 
die X die 0.43 0.15 

All nominal 
frames 

0.70 0.18 

 
Table 5.2. Frames used in the stimuli of the FWF experiments in English and Dutch: 
frequency of occurrence in input corpora as percentage of the total number of 
utterances in those corpora. 

 
 English Dutch 

Verbal frames 0.75 0.86 

Nominal frames 0.32 0.18 

All frames 0.54 0.52 

 
Two of the nonsense words were presented in verb frames, and two others in 

noun frames. In the test phase the children heard the same nonsense words presented 
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in new frames that were either consistent or inconsistent with the training frame 
type. So if children heard the nonsense word plif presented in a verb frame during 
the training phase, the test sentence ik plif niet hoor ‘I plif not, ok’, in which the 
word plif is in a verb frame again, would be consistent with training. In contrast, the 
test sentence er ligt een plif op de kast ‘there lies a plif on the cupboard’, with a 
nominal frame, would be inconsistent. The complete set of stimuli, with the Dutch 
frames and nonsense items applied to the experimental set-up of Mintz (2006) is 
presented in Table 5.3. The number of sentences is exactly the same as in Mintz’s 
design and sentence length has been matched as closely as possible. As a 
consequence of this matching for length, the stimuli with the frame die X die ‘that X 
that’ are not complete sentences in Dutch, but only noun phrases. These noun 
phrases already consist of five words (die X die daar staat ‘that X that stands there’) 
and at least two other words would have to be added to make full sentences. So only 
noun phrases were presented and it was checked afterwards whether differences in 
listening times occurred with these stimuli in comparison to the full sentence stimuli 
(see §5.2.5). 
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Table 5.3. Stimuli for the FWF experiment with Dutch infants: training sentences for 
two counterbalanced groups A and B and test sentences with reversed consistencies 
for both groups; nonsense words are italicized and frames are in bold and italics. 

 
 
GROUP A 

VERB FRAME TRAINING SENTENCES NOUN FRAME TRAINING SENTENCES 

Dan plif je de kamer Ik zie de daap van pappa 
Dan sook je de kamer 
 

Ik zie de klot van pappa 

Ze zien dat ik plif. Hij wil deze daap. 
Ze zien dat ik sook. 
 

Hij wil deze klot. 

Wat plif je daar? Er ligt een daap op de kast. 
Ik sook niet hoor. Die klot die daar staat. 
 
GROUP B 

VERB FRAME TRAINING SENTENCES NOUN FRAME TRAINING SENTENCES 

Dan klot je de kamer. Ik zie de sook van pappa. 
Dan daap je de kamer. 
 

Ik zie de plif van pappa. 

Ze zien dat ik klot. Hij wil deze sook. 
Ze zien dat ik daap. 
 

Hij wil deze plif. 

Wat klot je daar? Er ligt een sook op de kast. 
Ik daap niet hoor. Die plif die daar staat. 
 
TEST ITEMS 

CONSISTENT-A, INCONSISTENT-B INCONSISTENT-A, CONSISTENT-B 

Wat sook je daar? Wat daap je daar? 
Ik plif niet hoor. 
 

Ik klot niet hoor. 

Er ligt een klot op de kast. Er ligt een plif op de kast. 
Die daap die daar staat. Die sook die daar staat. 
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5.2.2. Exclusion criteria 

Since the participants in this kind of perception experiment are young (12 and 16 
months), their behavior is extremely variable. This results in a high number of 
excluded participants. The reported drop-out rate for HPP experiments varies from 
15 to 40% (Kemler Nelson et al., 1995). Participants are excluded from analysis for 
various reasons, mostly due to ‘inattentive behavior’. However, this general criterion 
is operationalized with diverse measures such as (among many others) ‘failure to 
look for an average of at least 3 seconds during test’ or ‘crying’ (Gómez & Gerken, 
1999), ‘excessive fussiness’ (Gómez, 2002), and ‘unresponsiveness or falling 
asleep’ (Santelmann & Jusczyk, 1998). Although every study reports exclusion 
criteria, there is no principled system for excluding participants from the analysis. 
Such a system was developed for this study (Erkelens & Polišenská, 2007). 

Factors other than behavior can obviously lead to exclusion as well, namely 
experimenter or computer errors. Such exclusion takes place even before a child’s 
behavior is considered. The system designed for this study excluded participants on 
the basis of their behavior. Aside from technical problems the only valid reason to 
exclude children from the analysis of this experiment was serious doubt about 
whether the child was paying attention to the stimuli. The coding system spelled out 
in Table 5.4 distinguishes four different groups of behavios that signal  the 
attentiveness of the infant, starting with the signals that indicate a low grade of 
attention (code I). The fourth group was added for infants that showed mixed 
behavior on the second and third codes. All infants were coded for their behavior 
based on these signals. A selection of the infants was double-checked by a second 
researcher to make sure that the criteria are objectively interpretable. There was 
100% agreement between two researchers on the codes. 

Infants assigned code I were automatically excluded from further analysis; all 
other infants were included. With the coding for behavior as an independent variable 
it is possible to test for interactions between behavior and listening times. If a certain 
category of behavior turns out to have a significant effect on listening time, it is 
possible to exclude cases of that category at a later stage. 
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Table 5.4. Behavior coding during an HPP experiment on the basis of which infants 
can be excluded from the analysis (Erkelens & Polišenská, 2007). 

 
 Criteria 
Code I  
 
Infant 
excluded 

• Refusing to sit still and managing to get off the caregiver’s lap 
• Crying; giving the impression that the infant is distressed by the 

situation (face and body expression) 
• Not reacting to the lights 
• Not completing the experiment 
• Looking at the lights for less than one sentence for one or more 

trials. 
• Looking at the lights for more than the stimulus lasts in at least 

half of the experiment. 
Code II  
 
Infant 
included, 
active 
and alert 

• Staying on caregiver’s lap (sitting or standing) and reacting to 
the stimuli 

• Looking back-and-forth multiple times during trials (re-
orientation within 2 seconds). 

• Being physically active in between the trials (turning the whole 
body to the parent; moving the whole body from the waist up 
while looking around; waving arms; shaking head). 

Code III  
 
Infant 
included, 
alert 

• Sitting still on the caregiver’s lap 
• Reacting spontaneously to the lights 
• Giving an alert impression 
• Giving a relaxed impression 

Code IV 
 
Mix of 
II and III 

• Behaving according to encoding 2 for at least half of the 
experiment. 

• Behaving according to encoding 3 for the other part of the 
experiment. 

 

5.2.3. Participants 

For the age group of 12 months, 72 infants were tested. Of these 72, six turned out to 
be either prematurely born (2), bilingual (3), or born to a dyslexic parent. Both the 
initial intake (before an appointment was made) and the intake before the 
experiment was run included these questions, but some parents forgot to provide this 
information at the initial intake. The remaining 66 infants were all healthy, 
monolingual Dutch infants without a familial risk of dyslexia or developmental 
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delays as a consequence of prematurity. Three infants were excluded before coding, 
because of experimenter or technical errors. The other 63 infants were coded based 
on the coding system described in Table 5.4. Children in this age group were quite 
attentive: 42 were assigned code III (included, alert), 17 code II (included, active 
and alert), and only 4 code I (excluded). No child was assigned to the mix category 
IV. The average age of the 59 infants remaining the infants from category I were 
excluded was 1:00;07 (range 0:11;22-1:01;00). Group A consisted of 30 subjects 
and group B of 29 subjects. There were slightly more girls (34) than boys (25) in the 
sample. 

For the age group of 16 months, 65 infants were tested and only one did not meet 
the inclusion criteria. The remaining 64 infants were all healthy, monolingual, full-
term Dutch infants with no familial risk of dyslexia or developmental delays. Four 
infants were excluded before coding due to experimenter or technical errors. The 
other 60 infants were again coded based on the coding system in Table 5.4, resulting 
in 35 ‘included, alert’ (code III), 15 ‘included, active and alert’ (code II), 1 ‘mix of 
II and III’ (code IV), and 9 ‘excluded’ (code I). After the exclusion of the infants 
from category I the average age of the remaining 51 infants was 1:04;03 (range 
1:03;08-1:04;28). Group A consisted of 25 subjects and group B of 26 subjects. 
There were slightly more boys (27) than girls (24) in the sample. 

5.2.4.  Procedure 

The experiment conducted by Mintz (2006) was based on the Head-turn Preference 
Procedure (HPP, see §3.6) with a training phase (Kemler Nelson et al., 1995). The 
procedure of these experiments is exactly the same. Infants were tested in a three-
sided booth made of cloth.22 The top of the booth was also covered with the same 
kind of cloth, to prevent the child from being distracted by the lamp in the ceiling of 
the lab. Infants were seated on the parent’s lap, with their heads directed towards the 
middle wall of the booth. A circle of green LED-lights was mounted at the eye-level. 
Just above the lights, a camera was installed to record the behavior in the test booth. 
The experimenter was seated behind a monitor in the adjacent room and observed 
the child in order to score the head-turns. Circles of red LED-lights were mounted 
on both sidewalls. The speakers from which the stimuli were played were situated 
behind the red lights, out of sight for the child. Figure 5.1 shows the experimental 
set-up used in this experiment. 

 

                                                 
22 I used the LOT / UiL-OTS facilities at Utrecht University, Utrechts Babylab voor Taalontwikkeling 
‘Utrecht Babylab for Language Development’. 
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Figure 5.1. Experimental set-up for the HPP experiment with Dutch infants. 

 
The experiment had three phases: a training phase, a contingency training phase, 

and a test phase. In the training phase, the child heard the training sentences 
appropriate for the group to which she belonged, as outlined in Table 5.3: group A 
heard the first set of training sentences and group B the second set, with the two sets 
differing only in the kind of nonsense words embedded in the frames. The training 
sentences were played continuously, divided over six randomized blocks each of 
which contained all training sentences in a random order. In the randomized orders 
no two sentences with the same frames followed each other, no three sentences with 
the same nonsense word followed each other, and no block began with dan X je … 
‘then you X…’ as a first sentence. The reason for this last restriction was that the 
conjunct dan ‘then’ in Dutch is always preceded by some content that locates the 
time or place of the following utterance, so it would have been very unnatural to 
start a block of sentences with it. During training the lights as described below were 
initially influenced by the child’s looking, but once the training block started, the 
sound kept playing and the light stayed on independently of the child’s looking 
behavior, to make sure every infant heard all the training sentences. Each training 
trial lasted 19 seconds, adding up to almost two minutes for the entire training phase. 

Between the training and test phases, a brief contingency training phase was 
inserted. The aim was to teach the children that their behavior influenced the lights 
and the auditory stimulus, i.e., that there was a contingency between their head-turn, 
the lights, and the sounds. In this phase, the center light was activated until the child 
turned her head towards the center for at least 2 seconds. The light then went out and 
a light on one of the sides was activated. As soon as the child looked at the side 
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light, a tone of 500 Hz was presented from the loudspeaker behind that light. The 
tone lasted 1 second and was repeated at 100 millisecond intervals as long as the 
child looked at the light. If the child looked away, or after the 15 repetitions had 
ended, whichever came first, the center light flashed again and a second, similar trial 
started. Each contingency trial lasted maximally 16.5 seconds if the child listened to 
all 15 repetitions. The maximum total duration of the contingency training phase 
therefore was 33 seconds. 

After two contingency training trials, the test phase started. The method was 
similar to that of the contingency training phase. The tones were replaced by the test 
sentences in Table 5.3. Each sentence was repeated 15 times in a trial, with pauses 
between the repetitions of 500 milliseconds. There were 8 test trials, one for each 
test sentence. These trials were presented in a random order. Both groups heard the 
same test sentences, because the consistent sentences for group A were the 
inconsistent ones for group B and vice versa. The mean length of the test sentences 
was about 2 seconds. This means that one trial lasted around 35 seconds if the child 
listened to all 15 repetitions. The maximum duration of the test phase therefore was 
280 seconds (4 minutes and 40 seconds). 

Which side of the child the stimulus was presented was randomized by the 
computer, but constrained so that no more than 3 consecutive trials came from the 
same side. The absolute maximum duration of the entire experiment (that is, if the 
child listened to all trials until they ended, which in practice never happened) was 
440 seconds, i.e., 7 minutes and 20 seconds. 

5.2.5. Results 

The two age groups showed divergent tendencies in their listening times to different 
types of stimuli. The average listening times of the 12-month-olds are longer for 
items that were consistent with familiarization; those of the 16-month-olds are 
longer for items that were inconsistent with familiarization (Figure 5.2 - an overview 
of all average listening times is provided in Appendix 5.1)  

An analysis of variance to investigate the significance of these apparent effects 
of consistency and age can only be performed if the data are normally distributed. A 
Kolmogorov-Smirnov test for testing the distribution of the data revealed that this 
was not the case for the present data set (Z = 5.00, p < .001). The data therefore had 
to be normalized by computing the logarithms of the listening times. The 
distribution of the logarithms did not differ significantly from a normal distribution 
(Z = 0.91, p = .38), making an ANOVA possible. 
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Figure 5.2. Average listening times (in msec) per stimulus type, divided by age 
group (12 and 16 months) in the FWF experiment. 
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A mixed ANOVA with four between- and two within-subject factors (between-

subjects: age group (2), test group (2), gender (2), behavior (2) x within-subjects: 
stimulus type (2), frame type (2)) carried out on these log values revealed that none 
of the factors had a significant main effect on the listening times. Age is the only 
marginally significant main effect (F (1,93) = 3.55, p = .06). This might indicate that 
the two age groups differ from each other in listening times to the stimuli, but this 
marginally significant effect does not interact significantly with consistency (F 
(1,93) = 0.15, p = .70), or frames (F (1,93) = 0.70, p = .40). Without significant the 
main effect cannot be meaningfully interpreted.  

There was a significant four-way interaction of frame type x age group x gender 
x test group (F (1,93) = 6.63, p < .05), and a significant five-way interaction of 
frame type x age group x gender x test group x behavior (F (1,93) = 5.28, p < .05). 
None of the other effects and interactions were significant. The two significant 
interactions indicate that the between-subjects factors age group, test group, gender, 
and behavior have a combined influence on the average listening times, but this 
observation does not contribute to a better understanding of the categorization 
process. The only useful insight from these interactions is that the participants 
responded differently to different frame types but that this factor had no significant 
influence on the overall results. 

Since some of the stimuli were noun phrases rather than sentences, it had to be 
established that this factor had no influence on the results. Mean listening times per 
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stimulus varied from 7.0 seconds (die sook die daar staat) to 9.1 seconds (wat daap 
je daar?). An overview of the average listening times to the eight different stimuli is 
presented in Table 5.5. The difference between the stimuli to which these infants 
listened for the shortest time (stimulus 8) and longest time (stimulus 3) is significant 
in a pair-wise comparison using t-tests (t (109) = 2.75, p < .01). No other pairs of 
stimuli differed significantly in listening times. In particular, the two noun phrase 
stimuli with the frame die X die (stimuli 6 and 8) do not differ significantly from any 
of the other stimuli, indicating that the design using incomplete sentences did not 
influence the children’s reaction times.  
 
Table 5.5. Average listening times per stimulus (in msec) in the FWF experiment. 
 

Nr Stimulus 
 

Mean listening time 
(msec) 

1 
2 
3 
4 
5 
6 
7 
8 

wat sook je daar 
ik plif niet hoor 
wat daap je daar 
ik klot niet hoor 
er ligt een klot op de kast 
die daap die daar staat 
er ligt een plif op de kast 
die sook die daar staat 

8467.12 
7729.85 
9141.51 
7854.29 
7853.00 
7441.47 
7982.30 
7044.28 

 
To summarize the results of the FWF experiment, neither age group 

differentiated between consistent and inconsistent items. Thus there is no evidence  
that Dutch infants use frequent word frames as defined by Mintz (2003) to 
categorize nonsense words, at least in the period up to 16 months of age.  

 

5.3. Use of frequent morpheme frames by Dutch infants 
Although Dutch infants do not seem to use the frequent word frames as defined by 
Mintz (2003) for categorization, this does not mean that we must completely reject 
the proposal that children use frequently co-occurring elements for a first 
categorization. Even if frequently co-occurring words do not provide reliable cues 
for an initial categorization, frequently co-occurring morphemes might.  

Earlier studies have shown that infants are sensitive to frequently co-occurring 
non-adjacent elements with variable intervening material (Santelmann & Jusczyk, 
1998; Gómez & Gerken, 1999; Polišenská, in progress). The precise level of 
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analysis does not need to be the level of words, but could be the level of morphemes. 
If it is assumed that the level of analysis of frequent frames is language-specific, it is 
to be expected that Dutch infants will use frequent morpheme frames for 
categorization whereas English infants use frequent word frames. However, if the 
Dutch infants in the experiment reported below do not show use of frequent 
morpheme frames, there is no evidence that Mintz’ results with the English infants 
indicate a general learning mechanism for verb and noun categorization. 

The frequent morpheme frame (FMF) experiment reported here23 was based on 
the assumption that, if infants search in the input for the smallest, frequently co-
occurring non-adjacent units, Dutch infants should find morpheme frames first. The 
experiment was designed to test whether Dutch infants are able to extract these 
morpheme frames and use them for early categorization of the intervening words. 
Polišenská (in progress) has shown that Dutch 18-month-olds are sensitive to verbal 
inflectional morphemes. It was therefore decided to conduct the FMF experiment 
with 16-month-olds to provide a point of comparison with the previous study. 

5.3.1. Stimuli 

The morpheme frames used in this experiment were first selected on their frequency 
of occurrence in the input corpora of the study reported in §4.3.2. Since morphemes 
had not been isolated in the transcriptions of these corpora, they had to be identified 
based on the graphemes with which verbal and nominal morphemes are written in 
Dutch. Dutch verbal and nominal morphemes are all suffixes, so all trigrams (i.e., 
sequences of three words) in the input to the four Dutch children were alphabetically 
ordered according to 'the two final' and 'the final' graphemes of the middle word in 
the trigram. The result of this ordering thus shows all central words of the trigrams 
that end with a certain verbal or nominal morpheme in a row. This made it possible 
to select all central words for which the final graphemes were -en, -t, -s, or –je. 
These are the written forms of the Dutch morphemes for verbal plural (-en), nominal 
plural (-en and -s), second and third person verbal singular (-t), and nominal 
diminutive (-je). This selection resulted in five different lists of trigrams in which 
the middle word ended in verbal plural -en, verbal second/third person singular -t, 
nominal plural -en, nominal plural -s, and nominal diminutive -je. 

Of course, not all Dutch words ending in –en, -t, -s, or -je contain verbal or 
nominal morphemes. If children use morpheme frames to categorize the intervening 
words, they might erroneously segment and then categorize non-existing word parts 
such as oran, neu, and fiet (based on the analysis of oran-je ‘orange’, neu-s ‘nose’, 

                                                 
23 This experiment will also be reported in Erkelens, Kerkhoff & De Bree (in prep). 
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and fiet-s ‘bike’). That is, that the use of frequent morpheme frames might lead 
Dutch children to overestimate the word inventory of Dutch by the child. But the 
burden of these extra non-words probably does not weigh heavy against the benefits 
of all the correctly categorized real words, and in the absence of positive evidence in 
the input for their existence, they probably will not survive for long in the child’s 
lexicon. 

From the five lists, those combinations of preceding words and following 
morphemes were selected that occurred more than 10 times in each corpus. These 
combinations are called 'frequent morpheme frames', analogous to Mintz’s frequent 
frames of word forms. A morpheme frame is a combination of a preceding 
morpheme (in Dutch mostly a whole word) and a following morpheme with exactly 
one stem intervening. The intervening stems can be derived (e.g., Dutch stems like 
be-tref ‘concern’ or ver-koop ‘sell’), but not inflected (participle stems like ge-lop- 
‘PART-walk-’). A morpheme frame was taken to be frequent if it occurred more than 
10 times in each of the input corpora investigated. For verbal plural -en (e.g. wij 
lopen, ‘we walk’), 13 different frequent morpheme frames were found, 11 for verbal 
second/third person singular –t (e.g. hij loopt ‘he walks’), 2 for nominal plural –en 
(e.g. de bloemen ‘the flowers’), 2 for nominal plural –s (de tafels ‘the tables’), and 2 
for nominal diminutive –je (een boekje ‘a book-dim’). This means that both verbal 
and nominal frequent morpheme frames are available in the Dutch input. However, 
there are more different verbal frequent morpheme frames, whereas the nominal 
frequent morpheme frames are more frequent. 

Since this experiment was a close replication of the FWF experiment reported in 
§5.2, the frames and nonsense words for the stimuli were selected in a similar way. 
The nonsense words sook and plif were used again, because they are maximally 
ambiguous between verb and noun in terms of their phonological make-up (§4.2), 
and they can easily be inflected with all verbal and nominal morphemes. The 
nonsense word klot had to be replaced because it ends in -t, making it impossible to 
distinguish between the stem form and the verbal singular -t ending. Klot was 
therefore replaced with another CCVC form, frep. The nonsense word daap was  
also changed to taaf.24 According to recent insights by Monaghan, Christiansen & 
Chater (2007), initial voiced consonants are indicative of verbhood in Dutch. 
Monaghan et al. also found that fricatives are generally more likely to occur in 
verbs, whereas initial plosives are associated with nouns. To control for this factor, 

                                                 
24 The spelling of the nonsense words presented here uses Dutch spelling conventions. The final 
consonants of frep and plif are doubled between two vowels and the vowels of taaf and sook are written 
as a single vowel if an –en ending is added. There are thus two alternating stems for each nonsense word: 
taaf-/taf-, sook-/sok-, plif-/pliff-, and frep-/frepp-. These differences have no effect on the pronunciation. 
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both types of non-words occurred in both groups: taaf and frep as verbs for the A-
group and nouns for the B-group, and sook and plif as verbs for the B-group and 
nouns for the A-group. 

Following the selection criteria of Mintz (2006) and the FWF experiment 
reported in §5.2, the aim was to select morpheme frames that were frequent in all 
input corpora, and that showed no overlap in framing words. But since there are only 
two different verbal suffixes (-en and -t) some overlap in the morphemes had to be 
allowed. Although Dutch has two different nominal plural morphemes, -s and -en, 
the expected plural morpheme for monosyllabic words ending in obstruents is –en 
(Baayen, Schreuder, Jong, & Krott, 2002). Since all the nonsense words were 
monosyllabic, it would have been unnatural to use the nominal plural -s morpheme 
in the experiment. This meant that the morphemes of the frequent morpheme frames 
used in the experiment were verbal -en and -t, and nominal -je and -en. As in the 
FWF experiment, two bigram frames were included at the end of two additional 
sentences to make sure that the participants were able to segment the nonsense 
words.  

The four verbal frequent morpheme frames and the verbal bigram selected for 
use in the experiment are listed in (3) and the four nominal morpheme frames and 
the nominal bigram in (4). The accuracy scores of all morpheme frames used for the 
stimuli are provided in Appendix 5.3. 

 
(3) ze X –en  ‘they X –VPLUR’ 
 we X –en ‘we X –VPLUR’ 
 hij X –t  ‘he X –s’ 
 wat X –t  ‘what X –s’ 
 ik X #  ‘I X’ 

 
(4) het X –je ‘the X –DIM’ 
 een X –je ‘a X –DIM’ 
 de X –en  ‘the X –s’ 
 twee X –en ‘two X –s’ 
 deze X #  ‘this X’ 
 

In the FWF experiment only three different frames were used per condition. In this 
experiment four frames were used, because the verbal and the nominal conditions 
contain an identical suffix. The morpheme –en is the plural morpheme in both the 
verbal frames ze X –en and we X –en and the nominal frames de X –en and twee X –
en. It is crucial for the design of the experiment that infants do not hear the same 
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combination of nonsense word and morpheme in two different conditions. For 
example, if a participant has heard the nonsense word frep as a verb in the frame ze 
frepp-en ‘they frep’, the nonsense word frep should never occur with the nominal 
morpheme –en for this participant. Without this restriction, nonsignificant results 
would be ambiguous: perhaps participants do not use morpheme frames for 
categorization, or perhaps they do but are misled by an ambiguous morpheme. To 
avoid such confusion, a slightly different experimental set-up was chosen whereby 
each nonsense word was trained in two different morpheme frames and tested in the 
other two, non-trained morpheme frames. 

Table 5.6 presents the stimuli used in the experiment. As in the FWF experiment, 
two of the nonsense words were presented in verb morpheme frames and the other 
two words in noun morpheme frames. In the test phase the children heard the same 
nonsense words presented in frames not used in training. These frames were either 
consistent or inconsistent with the training frame type. So if children heard the 
nonsense word plif presented in a verb frame during the training phase (group B), 
the test sentence wat plift er nou ‘what is pliffing there’, in which the word plif is 
again in a verb frame, was consistent with training. On the other hand, the test 
sentence ik zie een plifje ‘I see a plif-DIM’ with a nominal frame was inconsistent 
with training. Unlike in the FWF experiment, no two nonsense words were trained in 
the same frame except for the bigrams. For a participant in the A-group, taaf and 
frep are verbs, but based on different evidence: taaf was trained in two frames with 
the morpheme –t and frep was trained in two frames with the morpheme –en. During 
the test phase, the combinations taaf-t and frepp-en did not occur, but the 
combinations taaf-en and frep-t did. If these participants have different listening 
times for the verbal test items wat frept er nou ‘what is frepping there’ and we tafen 
niet hoor ‘we do not taaf-VPLUR, ok’ on the one hand, and the nominal test items ik 
zie een frepje ‘I see a frep-DIM’ and de tafen zijn hier ‘the taaf-NPLUR are here’ on 
the other hand, this is evidence that they have used the morpheme frames for 
categorization. If both taaf and frep had been familiarized with the –en morpheme, 
the test sentences would not have contained any nonsense items on the basis of 
which categorization can be studied, since the –en morpheme occurs in both the 
verbal test sentence we tafen niet hoor ‘we do not taaf-VPLUR, ok’, and the nominal 
test sentence de tafen zijn hier ‘the taaf-NPLUR are here’. 
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Table 5.6. Stimuli for the FMF experiment with Dutch infants: training sentences for 
two counterbalanced groups A and B and test sentences with reversed consistencies 
for both groups; nonsense words are italicized and frames are in bold and italics. 

 
 
GROUP A 

VERB FRAME TRAINING SENTENCES NOUN FRAME TRAINING SENTENCES 

Hij taaft ook hè Het sookje is daar 
Wat taaft er nou? 
 

Ik zie een sookje 

We freppen niet hoor De pliffen zijn hier 
Ze freppen altijd 
 

Dat zijn twee pliffen! 

Zie je dat ik taaf? Wil je deze sook? 
Zie je dat ik frep? Wil je deze plif? 
 
GROUP B 

VERB FRAME TRAINING SENTENCES NOUN FRAME TRAINING SENTENCES 

Hij sookt ook hè Het taafje is daar 
Wat sookt er nou? 
 

Ik zie een taafje 

We pliffen niet hoor De freppen zijn hier 
Ze pliffen altijd 
 

Dat zijn twee freppen! 

Zie je dat ik sook? Wil je deze taaf? 
Zie je dat ik plif? Wil je deze frep? 
 
TEST ITEMS 

CONSISTENT-A, INCONSISTENT-B INCONSISTENT-A, CONSISTENT-B 

Wat frept er nou? Wat plift er nou? 
We tafen niet hoor 
 

We soken niet hoor 

Ik zie een plifje Ik zie een frepje 
De soken zijn hier De tafen zijn hier 
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5.3.2. Participants 

Twenty-one infants were tested for the FMF experiment. All the infants were 
healthy, full term, monolingual Dutch infants without a familial risk of dyslexia or 
developmental delays. Since the behavior of the children in the previously run FWF 
experiment (as categorized according to the coding system discussed in §5.2.2 and 
by Erkelens & Polišenská, 2007) did not have an effect on the results, for this 
experiment only the codes I (excluded), or III (included, alert) were applied. 
Furthermore, infants who listened for less than 2 seconds to a trial were not excluded 
as before, but that specific trial was left out of the analysis as long as at least half of 
the trials for that infant remained analyzable. Data from only one infant was 
excluded for behavioral reasons (code I). The average age of the 20 remaining 
infants was 1:04;20 (range 1:04;06-1:04;28). Group A consisted of 9 participants 
and group B of 11 participants. There were more girls (12) than boys (8) in the 
sample.  

5.3.3. Procedure 

The procedure of the FMF experiment was identical to that of the FWF experiment 
described in §5.2.4.  

5.3.4. Results 

Following the pattern in which the FWF experiment was reported (§5.2.4), the 
statistical analysis using a mixed ANOVA will be reported in detail; an overview of 
the average listening times for all the included participants is provided in Appendix 
5.2. The average listening times to consistent and inconsistent items (9.8 versus 11.6 
seconds) were in general quite different. This difference could in principle result 
only from one frame type – noun or verb - but Figure 5.3 shows that this is probably 
not the case, since the listening times for both verb frame and noun frame items 
differ with respect to consistency.  

As for the FWF experiment (§5.4.2), a Kolmogorov-Smirnov test revealed that 
the distribution of the data differed significantly from a normal distribution (Z = 
2.16, p < .001). So the data were normalized by computing the loglinear values of 
the listening times. The distribution of the loglinear values did not differ 
significantly from a normal distribution (Z = 0.91, p = .38). 

A mixed ANOVA (between subjects: test group (2), gender (2) x within subjects: 
stimulus type (2), frame type (2)) was conducted on the loglinear listening times. 
There was only one significant main effect of stimulus type  
(F (1,15) = 6.56; p < .05). Thus, we can conclude that the differences in listening 
times to the inconsistent and consistent stimuli are significant. The 16-month-old 
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Dutch children who had been trained on ‘frequent morpheme frames’ used these 
frames in the test phase to distinguish between stimuli that were consistent with 
training and those that were not. 
 
Figure 5.3. Average listening times (in msec) per stimulus type, broken down by 
frame type in the FMF experiment with infants of 16 months. 
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To summarize the results of this FMF experiment, the infants distinguished 

between consistent and inconsistent items. It can be concluded that Dutch infantscan 
use frequent morpheme frames to categorize nonsense words by at least 16 months. 
 

5.4. Conclusion 
The experiments reported here addressed the question whether Dutch infants use 
frequent frames to categorize content words. The experiments showed that, to 
categorize novel forms, Dutch infants of 12 and 16 months do not use frequent word 
frames, but by 16 months they do use frequent morpheme frames. Although the 
frequent frame information as defined by Mintz (2003) is not, then, universally used 
as an early cue for verbal and nominal categorization, a language-specific version of 
frequent frames is used in Dutch. The implications of these cross-linguistic 
differences with respect to the use of frequent frames will be further discussed in the 
following chapter, which summarizes and discusses the findings of the entire study.  


