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ABSTRACT 

This paper provides a cross-sectional review of 129 Kindergarten children's scores on a 
range of phonological processing tasks and their prediction of early reading achievement. 
This data provides the basis for a longitudinal study exploring reciprocal causal influences of 
phonological processing abilities on early reading acquisition. 

The pattern of children's scores was examined across the variety of tasks for two types of 
phonological processing, namely, phonological awareness and phonological coding. The 
results were explored for the pattern of development of these phonological processing 
abilities in relation to the length of the sound unit, i.e., syllables, sub-syllables (onsets and 
rimes) and phonemes, and for the position of sound units, i.e., in the initial, medial or final 
positions. 

Data were analysed using LISREL and linear regression analyses. Phonological synthesis 
and analysis tasks made unique contributions to the percentage of variance explained in the 
beginning reading measures, as did rapid naming ability. Working memory did not make a 
significant unique contribution to any of the reading measures at the Kindergarten level. 
Significant paths were found in the overall model, supporting the primacy of word recognition 
in the development of early comprehension skills. 

Introduction 

A longstanding objective of reading researchers has been the early prediction of children's 
later reading achievement. This has arisen from the desire to identify those children who are 
likely to experience difficulty with reading acquisition. Identification of potentially poor 
readers represents the first step in the prevention of reading failure in students and is 
fundamental to the process of defining effective interventions for targeted populations. 
Research into the sources of individual differences as well as the developmental patterns of 
early reading acquisition provide the foundation for the quest to identify effective, 
parsimonious and reliable predictors of reading achievement. 

Preschool language impairments have been found to be predictive of later literacy difficulties 
(e.g. ), while Share (1995) refers to aspects of speech development and, "a basic temporal 
processing deficit that extends well beyond the phonological domain." (p. 187). Recently, 
studies have further noted that tasks used to measure speech rate can help to identify 
children who will experience reading difficulties (). There has been a growing recognition of 
the specific importance of phonological processing in reading development. 

Word recognition has been identified by ) as the foundational process of early reading 
acquisition. Having reviewed a great range of proposed sources of individual differences in 
cognitive sub-processes involved in reading development, these researchers confirmed the 
importance of phonological processing to word recognition. Thus phonological processing is 
an essential element of word recognition leading to reading acquisition. Phonological 



processing refers to the awareness and use of the sound structure of a language in 
processing written and oral information (. In recent years the fundamental role played by 
phonological processing in reading development has gained consensus by a large number 
of researchers (e.g., ; ; ; ). Further, "phonological problems have been termed the core 
deficit that characterises developmental dyslexia" (, p. 8). 

Differences in phonological processing ability have been associated with differential rates of 
reading skills acquisition (; ; ). These processing abilities are also seen as a separate 
cognitive unit that is independent of general intelligence (; ). Further, phonological processes 
are predictive of reading achievement (). 

Based on the results of a meta-analysis of the relationship between phonological processing 
abilities and acquisition of reading skills, identified two major types of phonological 
processing. The first type is "phonological sensitivity" or "phonological awareness" which 
involves the synthesis and analysis of sound units, from the syllable to the sub-syllable 
(onset and rime units) to the phoneme (single sound) level. Sound units at the syllable and 
sub-syllable level are processed as a "shallow" form of phonological sensitivity whereas 
processing of phonemes requires a "deep" level of processing. 

The second type of phonological processing is referred to as "phonological coding" (). This is 
the coding of information in a sound-based representational system. further distinguished 
two subtypes of phonological coding, namely, "phonological coding in lexical access" which 
is the process of accessing the referent of a word in a lexicon (internal dictionary), using 
sound-based codes; and, "phonological coding in working memory" which allows information 
to be maintained efficiently in working memory in order to facilitate ongoing processing. 

The developmental increase in the efficiency of working memory, that is, from childhood to 
adulthood, has been proposed as one of the major theoretical links between memory and 
cognition () and between cognition and reading (). While model of working memory 
essentially consists of a central executive with two active slave systems (which are the 
visual and verbal components), it is the phonological mechanisms (verbal components) that 
have been shown to be necessary for the word reading process (). Further exploration of the 
role of working memory in children with reading disabilities (e.g., ; ) has shown that the 
difficulty is primarily the result of inefficient or degraded phonological representation (). 

Relationship Between Phonological Processing Abilities and Reading 

Arising from a series of longitudinal studies have been reports of how various types of 
phonological processing relate to the reading process. For example, concluded that 
phonological synthesis enabled the acquisition of beginning reading skills whereas 
phonological analysis skills were themselves enabled by learning to read. study gave further 
support to the notion that phonological sensitivity contributed more directly to the acquisition 
of phonological recoding skills, that is, the knowledge of the correspondence of sounds to 
letters, than did other phonological processing abilities. 

Researchers have also found that individual differences in phonological processing skills are 
stable and enduring (). Because of this, it is important to consider how specific phonological 
processing abilities relate to specific reading skills when considering the prediction of 
reading achievement from Kindergarten to Year 2. Developmental studies in this area point 
to the gradual emergence of phonological sensitivity from larger units of sounds to smaller, 
that is, phonological representation occurs in pre-schoolers at the syllable and sub-syllable 
level, and eventually at the phoneme level by early childhood (). mapped the development of 
phonological analysis skills, by further noting that pre-school children were able to detect 



larger sound units, namely, syllables and sub-syllables (onsets and rimes), while the ability 
to detect phonemes developed during the process of learning to read. 

Other researchers have shown that not only is there a developmental progression 
discernible in the level of phonological representation, but that such a course is also present 
in beginning readers' detection of phonemes in various positions in words, namely, at the 
beginning, end or middle of words, (; ). These researchers demonstrated that the detection 
of beginning phonemes was much easier than detection of phonemes in the final and medial 
positions for young children. Thus it is important to explore the structure of the constituent 
types of phonological processing and how they relate to reading acquisition, as this may 
help to clarify not only the fundamental nature of phonological deficits (a question raised by 
Byrne, 1995), but also the possible sources of individual differences (a concern of Share & 
Stanovich, 1995). 

Research Aims 

The current project is a part of a longitudinal study designed to track children through the 
period of "emergent literacy," specifically from Kindergarten (the first year of schooling) to 
the end of their infants education (Year 2). Reading competencies ranging from knowledge 
of letter names and sounds to initial word recognition through to higher order competencies 
of reading comprehension develop during the early years of schooling. 

The general aim of the project is to examine the development of the two types of 
phonological processing abilities, namely, phonological awareness (including phonological 
synthesis and phonological analysis) and phonological coding (including coding both in 
lexical access and in working memory) and their combined and separate contributions to 
early reading acquisition. 

The specific goals of this report are: 

1. to compare the various types of phonological processing abilities in Kindergarten 
children; 

2. to examine phonological analysis abilities in relation to the position of sounds in 
words (in beginning, medial and final positions) and the length of sound units 
(syllables, sub-syllables, and phonemes); 

3. to explore the relative contribution of each phonological processing ability in 
predicting individual differences in various reading competencies. 

4. to examine the contribution of each phonological processing ability in predicting 
specific reading competencies 

Method 

The children were tested in the final term of their Kindergarten year at school. 

Subjects 

  

 

 

 



Table 1 Numbers of students in each class by school and gender. 

Number of Children 

Kindergarten Class Girls Boys Total 

School A K1 10 9 19 

School A K2 12 9 21 

School B K3 13 14 27 

School B K4 11 10 21 

School B K5 12 14 26 

School C K6 7 8 15 

TOTALS   65 64 129 

Ages of children at time of testing: Range 5 years 4 months to 6 years 10 months; 

Mean 71.60 months, Standard Deviation 4.09 months. 

Tasks and Procedure 

Assessment tasks were administered to the children individually in 5 sessions lasting 
approximately 20-25 minutes each. The tasks in each session included phonological 
awareness tasks (covering both synthesis and analysis abilities) and phonological coding (in 
lexical access and working memory). 

The tasks, including descriptive statistics for each, are reported in Table 2. Each student 
completed Session 1 firstly with the other sessions following sequentially except that 
Session 5 was administered at any available time during the testing period. The tasks in 
Session 5 were not dependent on preceding tasks in order to orient children to those tasks. 
The phonological awareness tasks took into account the variables of length of sound unit 
and position of sounds. 

The initial testing took place in the final term of the Kindergarten year, so that students had 
experienced three terms of formal schooling at the time of testing. Each of the Sessions was 
administered to all students by the same examiners, with Sessions 1 to 4 administered by 
one Examiner and Session 5 administered by a second Examiner. 

  

 

 

 



Table 2 (continued) 

 

  

Results 

 

 



Phonological Awareness Measures The scores for all children on all phonological 
awareness tasks in Kindergarten were transformed to percentage correct scores. The 
means of these percentage scores for each task within phonological synthesis (blending) 
and phonological analysis (matching and deletion) are represented in Figures 1 to 3. See 
Table 2, above, for key to terms in task descriptions. 

Figure 1 Mean Percentage Correct Responses for Blending tasks for Kindergarten 

 

Figure 2 Mean Percentage Correct Responses for all Matching Tasks in Kindergarten 

 

 

 



Figure 3 Mean Percentage Correct Responses for all Deletion Tasks for Kindergarten 

 

Phonological Coding Measures The results of four rapid naming of objects tasks are 
reported in Figure 4, as the number of objects named correctly per second. 

 

Figure 4 Mean Number of Objects Named Correctly per Second for Four Rapid 
Naming Tasks in Kindergarten  

These tasks were used to explore whether there would be a difference in the rate children 
would name objects if the names of the objects were unrelated (1-syllable) or whether pairs 
of objects had matching final phonemes (fin.phon), rimes or beginning phonemes 
(beg.phon). There was no significant difference in naming rates across the four tasks. 

Mean numbers of items correctly recalled for each of three memory-span tasks are shown in 
Figure 5. Results obtained from three memory span tasks, used to assess phonological 
coding in working memory, indicate that children have greater facility with the recall of digits 
compared to words. Whether words presented were rhyming or non-rhyming did not seem to 
be a significant factor in children's word recall. 

 

 

 

 



Figure 5 Mean Number of Correct Items Recalled on Three Working Memory Tasks for 
Kindergarten 

 

 

Scores for the Memory for Sentences task were not on the same scale and mean scores are 
included in Table 2. 

Contribution of Sets of Measures in Explaining Total & Additional Variance in 
Kindergarten Reading Measures 

Total and additional variance in Kindergarten reading that is explained by each set of 
variables is reported in the Table 3. The variables reported include the background variables 
of age and gender, and the reading constructs including letter knowledge of letter names 
and sounds, word identification and passage comprehension. The phonological variables 
reported in the table are latent variables derived from weighted scores based on the results 
of one-factor congeneric models developed using LISREL. 

Knowledge of Letter Names Phonological processing measures explained a substantial 
amount of the variance in these scores, with "analysis" tasks explaining 18.5% of the total 
variance and 4.1% additional variance over and above other measures. Background 
variables of gender and age also accounted for 6.6% of the total variance in knowledge of 
letter names and 4.2% additional variance. Rapid Naming tasks accounted for a further 3% 
of additional variance. 

Knowledge of Letter Sounds This measure had the greatest amount of variance explained 
by the phonological processing measures (57%). The greatest contribution was made by the 
"analysis" tasks of matching and deleting sounds, accounting for 44.2% of the total variance 
and 5.4% additional variance. Blending tasks contributed to 40% of the total variance and 
5.5% additional variance. Rapid Naming tasks again made a further significant contribution 
(26.1% of total variance and 3.2% of additional variance). 



Word Reading Clearly the greatest contribution to word reading was made by knowledge of 
letter names and sounds (accounting for 44.5% of total variance and 12.8% additional or 
unique variance). When these letter knowledge measures were taken into account the 
phonological processing measures made only a small additional contribution to accounting 
for the variance in word reading measures. 

Passage Comprehension Of the four types of phonological processing only Analysis tasks 
made a significant additional contribution in explaining the variance in passage 
comprehension scores (that is, 11.7% of total variance and 1.1% of additional variance). The 
combination of scores on knowledge of letter names and sounds and word recognition 
measures accounted for 68.9% of total variance and 49.5% additional variance in passage 
comprehension. 

Sound Position in Words versus Length of Sound Unit 

Further one-factor models were developed using various combinations of the phonological 
analysis tasks to explore the relative influence of sound position in words as compared to 
the length of sound units in the development of children's phonological processing abilities. 
Results of hierarchical regression analyses defining total and additional variance accounted 
for in each of the Kindergarten reading measures are reported in Tables 4 and 5. Table 4 
represents the latent variables of matching and deleting sounds based on the position of 
those sounds within words (beginning versus medial and final sounds) while Table 5 reports 
latent variables based on the length of sound units (syllables, onsets/rimes, and phonemes). 

A comparison of these tables indicates that, based on the length of sound units within words, 
phonological synthesis and analysis abilities, together with rapid naming measures make 
significant and unique contributions in explaining the variance in knowledge of letter sounds. 
This contribution ranges from 2.1% to 4.5%. However the contribution of these same 
variables increases to 3% - 5.8% when they are based on the position of soundswithin 
words. Further, the two matching latent variables (based on sound position) explain a further 
2.4 - 2.8% of additional variance in word reading, see Table 4. 

Table 3 Percentage of Total and Additional Variance in Kindergarten 

 
Reading Explained by the Set of Background Variables and each Set of Phonological 
Processing Measures (N=129) 

  

  Total Contribution Additional Contribution 

Variables Letter 

Name
s 

Letter 
Sound
s 

Word 
Readin
g 

Compr
e- 

hensio
n 

Letter 
Name
s 

Letter 
Sound
s 

Word 
Readin
g 

Compr
e- 

hensio
n 

Backgroun
d 

6.60 5.50 4.00 3.60 4.20* 0.70 0.00 0.60 



Sex 

Age 

Synthesis 

Blending 

9.10 40.00 19.30 13.30 0.10 5.50*** 0.10 0.10 

Analysis 

Matching 

Deletion 

18.50 44.20   

24.80 

11.70 4.10* 5.40*** 0.10 1.10* 

Rapid 
Naming 

  

  

14.40 

26.10 20.00 13.50   

3.00* 

3.20** 0.60 0.00 

Working 
Memory 

  

  

8.60 

23.30 13.00 8.90 0.10 0.40 0.00 0.10 

Letter 
Knowledge 

Letter 
Names 

Letter 
Sounds 

    44.50       12.80**
* 

  

Letter & 
Word 
Identificati
on 

Letter 
Names 

Letter 
Sounds 

Word 
Recognition 

        

68.90 

      49.50**
* 

Shared 
Variance 

          

15.40 

41.80 32.10 19.20 



  

Total 
Variance 

Explained 

26.90 57.00 45.70 70.60   

*sig. at p<.05 

**sig. at p<.01 

***sig. at p<.001 

 

  

  

  

  

  

  

  

 
Table 4 Percentage of Total and Additional Variance in Kindergarten 

Reading Explained by the Set of Background Variables and Phonological Processing 
Measures, including Analysis measures based on POSITION OF SOUNDS (N=129) 

  

  Total Contribution Additional Contribution 

Variables Letter 

Name
s 

Letter 
Sound
s 

Word 
Readin
g 

Compr
e- 

hensio
n 

Letter 
Name
s 

Letter 
Sound
s 

Word 
Readin
g 

Compr
e- 

hensio
n 

Backgroun
d 

6.60 5.50 4.00 3.60 4.70* 0.20 0.20 0.70 



Sex 

Age 

Synthesis 

Blending 

  

9.10 

40.00 19.30 13.30 0.00 5.60*** 0.10 0.10 

Analysis 

Matching 
Beginning 
Sounds 

  

16.70 

42.80 16.40 7.10 4.60** 5.80*** 2.40* 0.60 

Matching 
Med. & Fin. 
Sounds 

  

12.40 

31.90 26.10 15.10 0.00 0.10 2.80* 0.00 

Deletion 
Beg. 
Sounds 

  

12.00 

21.80 13.40 5.50 0.60 0.20 0.40 0.30 

Deletion 
Med. & Fin. 
Sounds 

6.30 19.50 14.50 7.00 0.40 0.10 1.20 0.00 

Rapid 
Naming 

  

  

14.40 

26.10 20.00 13.50 3.20* 3.00** 0.20 0.00 

Working 
Memory 

  

  

8.60 

23.30 13.00 8.90 0.30 1.10 0.00 0.00 

Letter 
Knowledge 

Letter 
Names 

Letter 
Sounds 

      

44.50 

      14.70**
* 

  

Letter & 
Word 
Identificati
on 

        

68.90 

      46.30**
* 



Letter 
Names 

Letter 
Sounds 

Word 
Recognition 

Shared 
Variance 

  

          

15.30 

44.20 28.40 22.80 

Total 
Variance 

Explained 

  

29.10 

60.30 50.40 70.80   

*sig. at p<.05 

**sig. at p<.01 

***sig. at p<.001 

 

  

  

 

Table 5 Percentage of Total and Additional Variance in Kindergarten 

Reading Explained by the Set of Background Variables and Phonological Processing 
Measures, including Analysis measures based on length of SOUND UNIT (N=129) 

  

  Total Contribution Additional Contribution 

Variables Lette
r 

Name
s 

Letter 
Soun
ds 

Word 
Readi
ng 

Compr
e- 

hensio
n 

Lette
r 
Name
s 

Letter 
Soun
ds 

Word 
Readi
ng 

Compr
e- 

hensio
n 

Backgroun 6.60 5.50 4.00 3.60 4.50* 0.50 0.00 0.70 



d 

Sex 

Age 

Synthesis 

Blending 

  

9.10 

40.00 19.30 13.30 0.00 4.50**
* 

0.00 0.10 

Analysis 

Matching 
Syllables & 
Subylls. 

  

18.90 

44.90 32.40 16.90 1.60 0.90 1.30 0.50 

Matching 
Phonemes 

  

18.40 

43.10 24.30 12.30 0.80 3.50** 0.10 0.00 

Deleting 
Syllables & 
Subsylls. 

  

12.40 

23.10 13.00 5.40 0.20 0.10 0.70 0.10 

Deleting 
Phonemes 

  

12.40 

23.20 17.50 8.20 0.00 0.00 0.60 0.00 

Rapid 
Naming 

  

  

14.40 

26.10 20.00 13.50 2.10 2.10* 0.30 0.00 

Working 
Memory 

  

  

8.60 

23.30   

13.00 

8.90 0.10 0.70 0.00 0.10 

Letter 
Knowledg
e 

Letter 
Names 

Letter 
Sounds 

    44.50       9.40**   

Letter & 
Word 

              46.80**
* 



Identificati
on 

Letter 
Names 

Letter 
Sounds 

Word 
Recognitio
n 

68.90 

Shared 
Variance 

  

          

20.30 

48.70 35.70 22.50 

Total 
Variance 

Explained 

  

29.60 

61.00 48.10 70.80   

*sig. at p<.05 

**sig. at p<.01 

***sig. at p<.001 

 

  

  

Path Analysis 

A series of hierarchical regression analyses were used to examine the relationships among 
the variables in accord with current theories of early reading acquisition. The proposed 
conceptual model showing the predictors of various reading measures is illustrated in Figure 
6. 

 
 

  

Figure 6 Conceptual model of relationships among background, phonological 
processing abilities and early reading skills of letter knowledge, word identification 
and reading comprehension 



The resultant paths derived from the regression analyses are shown in Figure 7. These 
paths indicate the significant predictors of Kindergarten reading acquisition. Overall, results 
support the proposed conceptual model with phonological processing measures predicting 
letter knowledge (of letter names and sounds), which, in turn, predict word recognition and 
subsequent passage comprehension. 

Summary 

Differences were reported in Kindergarten children's phonological awareness abilities. These 
differences were related to the length of the sound units as well as the position of the sounds 
within words. Synthesis and analysis of phonemes was more difficult than for syllables and 
sub-syllables (onset/rimes). Awareness of sounds in the medial and final positions in words 
was also less developed than for beginning sounds. 

Results indicate that different types of phonological processing skills tend to have different 
relationships with different reading measures, consistent with previous research (see 
Hansen & Bowey, 1994). When these measures were considered in the final proposed 
model for prediction of reading acquisition, it appears that phonological analysis ability (and 
specifically "matching" ability) is most useful in explaining individual differences. Synthesis is 
useful for beginning reading tasks, like knowledge of letter sounds. Phonological coding in 
lexical access tasks (rapid naming) contributed independently in explaining variance in early 
reading processes at the level of knowledge of letter names and sounds, but shared a lot of 
common variance with other measures. Phonological coding in working memory made the 
least contribution in explaining reading competence, and was thus the poorest predictor of 
Kindergarten reading competence. 
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