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The production of consonant clusters is challenging for young children, 
with clusters typically emerging after correct production of singleton 
consonants has stabilized (e.g. Smit et al. 1990).  While numerous 
studies have investigated children’s acquisition of consonant clusters, 
the majority of such studies have focused on English (e.g. Gierut 1999; 
McLeod et al. 2001; Smit 1993). There has been limited research on 
the acquisition of consonant clusters in other languages (e.g. Barlow 
2003; Jongstra 2003; Tzakosta 2001). Cluster acquisition is particularly 
interesting in Greek, which has an exceptionally rich system of 
consonant clusters. It is also one of relatively few languages that allows 
word-initial clusters of /s/ with /p/ and /k/ where the sibilant is inside of 
the stop (and Greek also has the affricate /ts/), as well as clusters of /s/ 
with /p/, /t/, and /k/ where the sibilant is outside of the stop. This study 
reports on acquisition of consonant clusters in Greek.

INTRODUCTION

RESEARCH QUESTIONS
1. What is the time course of acquisition of word-initial /s/ + stop and 

stop + /s/ clusters in Greek-speaking children? 

2. How does this relate to acquisition of the singleton members of these 
clusters?

3. What are the typical error patterns for these clusters?

4. How is cluster acquisition in Greek similar to and different from 
cluster acquisition in English?

CONSONANT CLUSTERS ELICITED
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** Calculated only using the 5 children over age 3;6. 

PARTICIPANTS

ANALYSIS
• Native-speaker transcription using Praat waveform editor
• Initial consonant and cluster were labeled:

o Correct
o Incorrect

• If incorrect, phonetic transcription of perceived error
o Substitution of sound from phonemic inventory
o Substitution of sound from outside phonemic inventory
o Distortion
o Deletion

• Phoneme-by-phoneme inter-rater reliability with a second native Greek transcriber 
for 5% of the data was 88%.

FIGURE 1.  ACCURACY OF SINGLETON OR CLUSTER

STIMULI
• The target sequences were /s, p, t, k, sp, st, sk, ps, ts, ks/.

• The target consonant or consonant cluster was placed in word-initial 
position in familiar real words that were:

o Two or three-syllables in length

o Pictureable

• Each target consonant or consonant cluster was paired with all possible 
vowel combinations of /i, e, a, o, u/.

EXAMPLES OF STIMULI

/'skala/ /'skevos/ /'skilos/ /'skorðo / /'skupa /

ACCURACY OF /s/ ACCURACY OF STOP IN CLUSTER

ERROR ANALYSIS

PROCEDURE

• A picture and a digitized recording of each stimulus were presented simultaneously. 
• The children were instructed to repeat the word that they heard.
• Children’s repetitions were digitally recorded.

RESULTS:  ACCURACY ANALYSIS I

Errors on sibilant member of /s/-stop clusters
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Errors on sibilant member of stop-/s/ clusters
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Affricate /ts/ errors
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• Accuracy increases with age.
• Single consonants > /s/-stop clusters > stop-/s/ clusters > affricate /ts/.
• /ts/ is less than 80% accurate, even at age 5.

RESULTS:  ACCURACY ANALYSIS II
• /s/ not mastered until 4 years of age.
• /s/ in clusters more accurate in stop-/s/ than in /s/-stop clusters 
(2-year-olds only).

RESULTS:  ACCURACY ANALYSIS III
• Stop more accurate in /s/-stop than stop-/s/ clusters for 2-
and 3-year-olds.

RESULTS:  ERROR ANALYSIS 

Singleton /s/ errors
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Errors on singleton /s/

•Backing and fronting
•Deletion is rare

Errors on /s/ member of /s/-
stop clusters

•Predominantly deletion

Errors on /s/ member of 
stop-/s/ clusters

•Deletion (but much less than 
in /s/-stop clusters)

•Backing and fronting

Errors on affricate /ts/

•Deaffrication to /t/
•Backing (usually to 
alveolo-palatal or velar)
•Deaffrication to /s/

General Summary of error patterns

•Children tend to delete the first member 
of the cluster.
•Children delete the /s/ more often when 
it precedes a stop.
•Children delete the stop more often 
when it precedes an /s/.
•More variability in error patterns for 
stop-/s/ than /s/-stop clusters.

DISCUSSION AND CONCLUSIONS
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•Greek children show both universal (e.g. cluster reduction to stop in 
/s/-stop clusters) and language specific errors (e.g. backing errors of /s/) 
in their acquisition of /s/-stop and stop-/s/ sequences.

•Contrary to the predictions of sonority hierarchy and markedness, /s/-
stop clusters are not mastered later than stop-/s/ clusters.

•Contrary to Jacobson's implicational laws, clusters do not imply
affricates, which are mastered later than age 5 in Greek.

•The time course of acquisition of /s/-stop and stop-/s/ sequences in 
Greek may be explained, in part, by differences in phoneme sequence 
frequency in the Greek language.

•The difference in the error patterns (e.g. /s/ being more accurate when 
it follows a stop) may be related to differences in perceptual saliency of 
the stop in /s/-stop and stop-/s/ sequences.

•These results show the importance of studying acquisition in 
languages other than English.  

oThe deletion of /s/ in  /s/-stop clusters in English had been 
interpreted as children deleting the later-acquired member of the 
cluster.  However, this interpretation does not explain the deletion 
of the stop in stop-/s/ clusters in Greek.

•Future research will address these issues and examine their effect on 
children’s consonant cluster acquisition.

['ksilo] ‘stick’/ks/['skilos] ‘dog’/sk/

['tsada] ‘bag’/ts/*['stasi] ‘bus stop’/st/

['psaɾi] ‘fish’/ps/['spiti] ‘house’/sp/ 

ExampleStop + /s/ 
sequences

Example/s/ + stop 
sequences

*Usually analyzed as an affricate.

http://www.ling.ohio-state.edu/~edwards/

Errors on sibilant member of stop-/s/ clusters
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Affricate /ts/ errors
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Singleton /s/ errors
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