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The purpose of the New Zeal and A11icul ation Test 

norms project w as to provide norm ative dat a  on the test 

for junior primary school children in New Ze al and. The 

NZAT consists of 82 picture stimuli which elicit single 

word responses. Fifty-six Speech L anguage Ther apists 

administered the NZAT to 1013 children aged 5 to 8 

years from 53 schools throughout New Zeal and. Results 

showed older children h ad more accurate articulation 

of words. Girls were found to score higher th an boys in 

the younger age groups. Differences were also found 

by ethnicity at younger ages. Signific ant effects were 

found by socioeconomic st atus. There were no signi fic ant 

differences found by geographic region or popul ation 

density (rur al I urban). 

studies 

The first studies to g ather norm ative d at a  for speech sound 

acquisition for Americ an children were conducted by 

Wellm an, C ase, Mengert and Br adbury (1931) and Poole 

(1934). These authors published ages of acquisition for 

speech sounds. These studies were followed by others in 

America, Austr ali a and the United Kingdom (Anthony & 

Mcls a ac, 1971; Arlt & Goodb an, 1976; Grun well, 1981; 
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Ingr am, 1976; Pr ather, Hedrick & Kern, 1975; S ander, 

1972; Templin, 1957). More recent studies, (e.g. 

Hu a & Crosbie, Goldman & Fristoe. 

Porter & Hodson, 2001 and Smit, Freilinger, Bernth al, 

H and & 1990), h ave found a lower age of 

sound acquisition th an the original studies by Poole (l 

Templin (1957) and Wellman et al. (193 

Local articulation studies 

The first New Zeal and speech sound production data w as 

published by Justin, Gibson and Silv a (1980) and L awn 

and Silv a (1983). Justin et al. (l 980) assessed 681 children 

aged three to six years, using the Dunedin Articul ation 

Test (DAT). The DAT uses a mixture of single words, 

phr ases and autom atic speech to assess 43 phonemes and 

14 conson ant blends. Results were presented as mean total 

scores for the whole test and age at which 50 % and 90 % 

of children articulated e ach speech sound correctly. 

Speech production norms were also developed from 

the Dunedin Articulation Check ( DA C), which w as 

administered to 1640 children aged seven to nine years. 

The DA C w as designed to screen l arge numbers of school 

aged children to supplement other ch annels of referr al. 

61 



The test took 90 seconds for an 

administer and assessed 20 later 

examiner to 

blends in a mixture of 

Results were 

word and sentence contexts. 

in terms of mean total scores and 

rates at ages seven and years. 

While local norms are to ensure valid 

the assessment process, the 

items and materials used in these tests are now outdated. 

is also as the 

service no 

numbers of but encourages schools to meet the 

needs of children with mild difficulties. 

Education funded education 

service for New Zealand schools. Services are divided into 

initiatives groups of children with 

needs. The Communication Initiative 

a language service for the most severe 

one percent of children with communication disorders. 

screening tools now used in 

Education must be able to determine if a child fits within 

that one percent bracket. Normative data an important 

role in this decision alongside a of factors such 

as language skills. cognition, social development, motor 

parent and teacher concern, number and 

type of errors, consistency of errors, overall intelligibility 

and stimulability of the child. The present research was 

undertaken to provide normative data for the New Zealand 

Articulation Test a current assessment designed 

for S E  speech language therapists' use within the New 

Zealand context 

sound data 

Clinical decisions in New Zealand on whether a sound is 

significantly delayed are usually based on the first classical 

studies by Templin (1957) and Wellman et al. (1931). 

Wellman et al. ( 1931) studied the speech development of 

204 children aged two to six years. Templin (1957) studied 

480 children aged between three and eight years. Both 

investigations used spontaneous and imitative methods of 

speech testing and did not include children with speech 

disorders. Participants in Wellman et al.'s (1931) study 

were recruited from the University child care facilities, 

assumedly having higher than average intelligence. 

Contrastively, Templin's (1957) sample was drawn from 

local schools and was balanced for socioeconomic status. 

The most commonly used summary of the above studies 

was produced by Sander (1972). The author presented the 

results of these early studies (Wellman et al., 1931 and 
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in form the median age 

of customary articulation and the age at 90 % of 

children were the sound. This chart 

is useful as a 

and is used in New Zealand. A chart 

recent local norms would make a useful 

While such a reference chart would be more detailed 

of the sound process is needed to 

empower clinical decisions. Sander ( demonstrated 

the nature of the ages of set each 

researcher. The author showed that the upper age limit for 

It! could from age six to age three the 

mastery criteria to correct of the m 

two out of three rather than in all three 

until later ages in medial 

when it was correct earlier in other word 

Data on the of children sounds 

is therefore needed. 

Another with reporting norms within Sander's 

chart is that error type is not taken into consideration. 

Different errors are acceptable for sounds at different 

ages, as children typically go through successively closer 

of a consonant or consonant cluster's 

correct production over time. For example, a child may say 

/dim/ for "scream" at age two, /stim/ at age /skim! 

at age four, and achieve correct production at age six with 

/skrimJ. Therefore a six year old child saying /d/ for /skr/ 

is a concern, whereas the same child saying /sk/ for /skr/ 

is not a concern. This distinction is lost on many parents 

and teachers when using Sander's chart, as /skr/ reaches 

90 % criterion at age seven. A summary of the error types 

for each sound in each position age would be useful in 

assisting clinical decisions, as called for Smit (1986). 

Consequently, this information has been included in the 

NZAT manual ( Moyle, 2004) as raw data, but is beyond 

the scope of this research paper to analyse. 

In summary, New Zealand therapists require local norms 

for speech sound production in all word positions, so 

that distinction between acquisition data of a sound's 

production between different word positions can be made. 

Charts summarising this information would be widely 

used. 

Factors sound 

Factors such as age, gender, socioeconomic status, 

geographic region and ethnicity have been reported in the 

literature as potential effects on speech sound acquisition. 



is to examine the effects 

that normative data can be 

such factors so 

to different 

is a well established factor 

All studies ,.,,.,,�r+an 

increases with age until mastery is achieved 

at about age to nine years. Dodd et 

summarised the literature and socio 

of interdental 

and consonant 

However, studies vary on the ages that these differences 

were For Smit et aL 

differences at ages four and 

Dodd et al. and Poole ( 

only after age five years. Other studies 

di fferences 

Wellman et al. 

193 1) found no differences between five and six year old 

and girls. have also been 

risk for speech disorders than girls. Jennen-

Esser & Schmidt 

some variation in articulatory development, with children 

of a lower socioeconomic status acquiring phonemes 

and phonological abilities more (e.g. Templin, 

1957). Smit et al. ( 1990) on the other hand, reported no 

effect on speech sound acquisition by socioeconomic 

status. Socioeconomic status has also been found to a ffect 

other areas of speech and language development such as 

vocabulary acquisition (Bates et al., 1994), phonological 

abilities, cognitive, language and pre-reading measures 

( Robertson 1998) and phonological awareness (Burt, Holm 

and Dodd, 1999). Law ( 1992) cautions against making a 

straightforward association between poor development 

and socioeconomic status, concluding that it is unlikely to 

be responsible for more than a slight variation in language 

development. Dodd et al. ( 2003) concluded in their 

literature review, that care needs to be taken in examining 

the role of socioeconomic status on speech development 

as different methods of measuring socioeconomic status, 

(e.g. occupation, education, income), can lead to different 

outcomes on its role in children's development. 

Local norms are preferred so that comparisons can be 

made on a like to like basis. However, norms from other 

geographical regions are frequently used where local 

norms are not yet established. Goldman and Fristoe (2000) 

tested a of 2 8  Canadian children 

on the Goldman- Fiistoe Test of Articulation-2 

compare their results with the American normative 

to 

and concluded no differences between the two 

was thus concluded that the American norms 

Canadian children. 

& 

biased in some of its word 

a of New Zealand children 

with the American norms may su fficed as non11ative 

�"'�'"'r several of the test words data for New Zealand. 

in the G F TA-2 are not "v111111v1 

Words included in 

least be in the of children and 

be for use 

in New Zealand 

on articulation 

There were no 

on the effect of 

Ethnicity is associated with dialectal differences 

in spoken English in many countries. In New 

there is little dialectal variation in 

1J11vu<cw_c,,, aside from Maori accented English 

initial /t/, final /z/ 

1996) and the rhotic /r/ of Southland. However, if 

differences were found in patterns or rates of articulation 

development, between ethnic groups, separate norms may 

be needed. 

Few studies have examined the differences in children's 

articulation development comparing rural and urban 

populations. Smit et al. ( 1  did not report any 

differences in 

density. This area will also be 

study. 

Research 

the cunent 

Sander's ( 1972) tables of normative ages for articulation 

development, devised from Wellman et al. ( 193 1) 

and Templin 's ( 1957) classical research, are the most 

commonly used norn1s in New Zealand clinical practise. 

This study seeks to replace these with local norms for the 

ages five to eight years for a commonly used test 

The results are published in the manual of the NZAT as 

percentages of children achieving each sound correctly 

in each position tested and charts summarising the age at 

which 90% and 95% of children achieve sounds (averaged 

across word positions tested). This study also adds to the 

body of data on whether gender, socioeconomic status, 

ethnicity, and geographic region or population density 

have an effect on total score on the NZAT If significant 
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differences are this may indicate the need for 

norms for different groups. so that can 

be made on a like to like basis. 

of 

years tested at 53 schools 

nationwide. 

were recruited 

m New 

aiiiculation 

Administration guidelines were to each 

to ensure the of data collection. Contact 

was maintained between the research coordinator and 

examiners by newsletter, email and '"'''-'-'''v'''-

Each examiner was given a sample which 

described the demographics of the children to test. 

Examiners approached local schools for 

assess children. Schools chose whether 

to 

required 

forms or informed consent for their students 

to participate. Therapists obtained the school roll for the 

ages concerned and selected the children matching the 

sample assignment using a randomised procedure. 

fifth child on the roll was selected starting from the tenth 

name on the list. In certain cases, it was not possible to 

use a randomised procedure to select the children, as there 

were not enough children in smaller schools with the target 

demographics. In these cases, all the potential subjects 

were used, provided they met the other subject criteria. The 

therapist tested the children at school during school hours. 

The normative sampling procedure was simple. The 

consonant and blend sections of the test were administered 

to the children. If the child articulated the sound correctly, 

a dot was marked on the response form. If the child 

misarticulated, this was transcribed using I PA transcription. 

Diacritics were not recorded except for nasalized sounds. 

Response forms were returned to the research coordinator 

for analysis. 
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The standardisation 

1. The and age, 

with a minimum of 100 children in each group, due to 

the established age effects and differences 

in articulation 

in articulation at age five years. 

a six month interval was used for this younger 

Intervals of one year were used for the six to 

olds. could any age within their age 

band. For six year olds were from 6 years, 

0 months to 6 years 1 months. There was no to 

balance the of ages within each band. 

Total number of subjects in the NZAT nonnative sample by 

gender and age 

Total 

201 

199 

-6;11 108 93 201 

94 112 206 

8;0-8;11 117 89 206 

Total 510 503 

The population of geographical regions was proportionally 

represented in the sample. Table 2 shows the population of 

each region compared to the percentage in the normative 

sample. Proportions of rural versus urban children also 

reflected census statistics. Twenty-five percent of the 

sample came from communities with a population of 1000 

or fewer with the remaining 75% from urban areas. 
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Comparison 

of the percentages 

of the Nnv Zealand 

population and NZAT 

by 

region 

Ota go 

Southland 

% 

3 8  

324 

64 

38 

82 

6 8  

14 

7 

138 

7 

51 

25 

% 

3.75 3.7 

32.0 32 

6.31 6.2 

3.75 9.9 

8.09 6.2 

.58 l.2 

6.71 3.7 

12.23 .2 

1.38 1.2 

0.69 1.2 

13.61 12.5 

0.69 1.2 

5.03 4.9 

2.5 

data from Statistics Nevv Zealand census information, 2003 

An estimate of socioeconomic status was controlled for 

0f."'"'·"" the schools into decile bands of low (1 mid 

( 4-7) and high deciles Decile ranking is based on 

the extent to which a school draws its students from low 

socioeconomic communities. Decile schools are the 

of students 10% of schools with the highest nrr,nrwt' 

from low socioeconomic communities, whereas decile 10 

schools are the 10% of schools with the lowest proportion 

of these students. There are six factors which detennine the 

socio economic ranking: household income, occupation, 

household educational qualifications, income 

support, and ethnicity. The latest decile information 

available of Education, 2003) was used. 

Table 3 shows the target percentage for each decile band 

compared to the normative sample. The percentage of the 

normative sample differed from target percentage by up to 

nine percent, with low decile schools being slightly over 

represented compared with the middle decile band. 

Table 3. Percentage ofNZATnormative sample drawn from low, mid 

and high decile bands 

Decile 

1-2 

3-7 

8-9 

300 

431 

2 82 

20 

50 

30 

29 

2 8  

Examinees were classified into the 

European I Pakeha, Pacific 

Table 4 shows the proportion of the 

ethnicity compared with the 

groups: 

Asian or other. 

sample from each 

of New Zealand. 

ethnicities were well represented in the normative 

sample. 

Table Comparison ofrhe percentage of popu/ationfi·om different 

ethnic backgrounds with the sample population 

European 77 63 

Maori 14 24 

Pacific Island 6 10 

Asian 6 3 

Other 7 

* Note: NZ population data from Statistics New Zealand census 

information, 2003 

education status 

Children who had Ongoing and Reviewable Resourcing 

Scheme ( O R R S) Funding (verified as being the 1 % of the 

population with the highest educational needs), permanent 

hearing loss, cleft palate and diagnosed syndromes 

which adversely affect learning were excluded from the 

normative data due to the link between articulation ability 

and these conditions. Children with hearing loss, cleft 

palate and certain syndromes display a pattern of errors 
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or sensory differences which are 

not child. 

and/or 

were included in the 

the full range of 

with identified 

in the 

Children to express themselves 

classroom 

teachers before the children were included in the 

TheNZAT was Education 

a service 

for the one of the school with the 

communication needs. As the target ..-v,..,u,.u."v" 

is the disordered. the test was designed to assess 

each sound in the easiest phonetic context so children 

eligible for intervention were not over-identified. Words 

were selected so target sounds were not part of 

morphemes, or have phonemic contexts which often induce 

assimilation enors. For example, velars were not tested in 

the context of alveolar sounds. Initial and final sounds were 

tested in single syllable words and medial sounds were 

tested in bi-syllable words. This was because accuracy of 

word initial fricatives and phoneme production consistency 

have both been shown to decrease with increased syllable 

complexity (Bader, 2002; Ingram, Christensen, Veach 

& In clinical practise, assessment of 

multisyllabic words, vowels, stimulability and connected 

speech are also important parts of a diagnostic assessment 

protocol. These areas of assessment are included in the 

NZAT, but were not included in the norming process. 

The NZAT assesses all word initial, medial and final 

consonants except medial /h/, /w/, /j/, !zhl and final /zh/, 

Ill, /r/,voiced 1th1, voiceless 1th1 and /w/. These sounds were 

either inapplicable to New Zealand English phonology 

or deemed clinically insignificant, as they have a limited 

impact on intelligibility and therefore are unlikely to 

be therapy targets. This is either because of their rarity 

of occunence, particularly in the vocabulary of young 

children, or· the unlikelihood they would be in error. 

Nineteen double and four triple consonant blends were 

assessed in initial position. Final and medial blends were 
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not assessed, as 

A total of 82 

stimuli. The word structure of the stimulus items is 

Table 5. 

Word strucrure of the test items in the NZAT 

Structure N Structure N 

CV 4 cvccvc 

eve 27 cvcvc 15 

cvcc vcvc 

CCV 2 cvcv 6 

ccvc 17 CCV CV CC 

CCCV 3 ccvcvc 1 

cccvc CCV CV 2 

Each sound was assessed on one test item 

in sound 

children's articulation 

part of speech disordered 

1 Leonard & Leonard 

1985). this, it was decided that a 

approach" to sampling would be as this 

would reflect cunent of screening assessments 

in NZ and be time efficient. Clinically, this method is 

employed as a time saver, with multiple context testing 

of sound production only being employed if the child has 

particularly high levels of speech inconsistency. Each 

word was used to assess a single sound only. This method 

of testing was employed to increase transcription accuracy 

and due to the popularity of the format amongst therapists. 

While the NZAT as a whole includes a vowel assessment, 

this was not included in the nonnative testing as vowel 

enors are rare after age three. School aged children should 

be able to use all vowels and diphthongs conectiy, with the 

possible exception of unstressed vowels in multisyllabic 

words (James, 200 1; Templin, 1957). 

A standard elicitation sequence was used to avoid direct 

imitation by the child when spontaneous production of a 

test item could not be obtained. If the child failed to name 

the item correctly, the therapist would give a semantic 

cue or point to the specific part of the picture to name. If 

the child was still unable to name the picture after several 

semantic cues, the picture was named by the therapist, an 

intervening sentence about the picture inserted and then the 

child was asked to name the picture again. 

Coloured pictures are arranged in grids according to 

the position of the target sound in the word, general 

developmental order and class of sound. There were 

between six to twelve pictures per page dependent on the 
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above classifications. 

items in tests to be randomised. 

to order the items to allow for 

administration of the certain sections of the test Semantic 

elicit the target word 

at the bottom of 

had 

on 

transcribed incorrect responses 

If a child self corrected on their second 

the initial error was recorded. The 

marked was nasalized sounds. Other minor 

such as dentalisation of Isl, unreleased 

Children's responses were judged to be 

were the as 

if 

the adult 

accepted norm for New Zealand English. For example, 

flapping medial ltl was common and was noted as an 

variant in the results rather than an error. Lack of 

a recorded response was Pv1'Pr•nrm 

as an error. 

rare and was treated 

Data analysis was carried out the New Zealand Council 

for Education Research. The analysis generated using SA S 

software 2001) and the statistical package R (2003). 

The total raw error score was calculated for each subject. 

The mean and standard deviation of the each group's 

score age, gender, ethnicity, geographic region and 

population density were calculated. The groups' results 

were compared for significant differences using chi-square 

tests. Charts showing when 90% and 95% of subjects 

produced a sound correctly over an average of all positions 

tested were produced for each gender. Percentile ranks and 

standard scores for the total error score on the NZAT were 

calculated by age and gender. 

not informed 

retested the 

would be retested. The second examiner 

two to three weeks later. 

was assessed a of-

the same examiner two to three weeks 

as the rest of the 

,,w""""' were not informed 

would be retested. Four different rn 

this 

'-"H""'""''""" of agreement between examiners' results for 

correctness for each sound were calculated. 

Median percentage agreements for inter-rater 

were 98% for medial and final sounds and 92% 

for blends. Median percentage agreements for test retest 

were 100% for initial, medial, final and blended 

sounds. 

Internal reliabilities were co-efficient 

alpha. This score is based on the inter-correlation 

among all comparable parts of the same test. The alpha 

reliabilities represent a measure of of items 

throughout the test and are calculated using the variance 

of the dichotomously scored items (correct or incorrect 

Table 6 lists the alpha reliabilities for the five age groups 

gender. The alpha reliabilities range from 0.84 to 0.95 for 

males and 0.86 to 0.95 for females. The median 

was 0.93 for males and 0.92 for females. This represents an 

acceptable level of internal reliability. 

Table 6. Alpha reliabilities for each age group by gender 

Male Female 

N Alpha N Alpha 

5;0-5;5 101 100 0.95 

5;6-5;11 90 0.93 109 0.92 

6;0-6;11 108 0.91 93 0.94 

7;0-7;11 94 0.93 112 0.86 

8;0-8;11 118 0.84 89 0.87 

MEDIAN 0.93 0.92 
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The NZAT results of 1013 children between 5 and 

8 years were obtain normative data. Older 

children had fewer articulation errors than younger 

children. The of children had most 

sounds at the youngest age tested. The test scores therefore 

show a skewed distribution. Most children got most items 

correct and very few 

groups, scored any items distribution 

was skewed, neither ANOVA nor t-tests could be used 

and for the 

results are 111 

Table 7 (below). 

group is associated with the total ravv 

score (p = < 0.0001 ). Older children were more able to 

articulate sounds in words more than the younger 

children. Total scores for five to five and a half and five 

and a half to six year old age groups were not 

different (p = 0.941). These two groups were therefore 

combined for the purposes of establishing associations 

and The distribution of total 

scores across age groups is represented in 

Table 7. Total score categories for chi-Square analysis contingency tables. 

Distribution of total scores across age groups 

5yrs-5v 00 0 

6m-

0 

30 40 50 60 70 BO 

Total Raw Score 

Note: The boxplots show the distributions of raw scores across voriobles 

of interest. The box shows the inter-quartile range; the middle line 

indicates the medion of the distribution, and the dotted lines to the 

whiskers show the range of the outer quartiles. Where data points 

are more than 1 .5 * inter-quortile range away from the box they are 

considered to be extreme points and are marked with a single doL 

% of Observations in Number of Observations 

these groups in the groups 

1 72 and below 15% 160 

2 73 - 77 inclusive 20% 222 

3 78 - 80 inclusive 25% 285 

4 81 and above 40% 346 

Total 100% 1013 
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There 

differences total score were found for 

with the scores. 

however. for the 7 and 8 

year old age groups. These results indicate 

than 

8. Results of chi-square tests for gender by age group 

5;0-5; 1 1  

1 

-7; 1 

1 

* p < 

0.075* 

0. 1 15 

0.134 

Figure 2. Distribution of total score by gender 

score 

°""" 0 0 oro= �f m! 
'"'" 0 0 0 0 ro =f------rn 

30 40 50 60 70 80 

As the sizes were very small for some groups, ethnic 

groupings were taken as Maori, Pacific. and neither Pacific 

nor Maori, to complete the test of no association between 

ethnicity and total score. The results show a convincing 

association at all but the 8 year old level, which was very 

close to significance at the 95% level (p = .05 1). At the 

earlier ages, Maori and Pacific children score significantly 

lower than their non-Maori non-Pacific peers. Differences 

are indicated to lessen by the 8 year old age group. These 

results are represented in Table 9 and Figure 3. 

Results 

7; 1 1  

tests j(Jl- ethnicity by age group 

* p < 

0.010** 

0.004** 

0.0003** 

3. Distribution of total score by ethnic group 

Pakeha 00 0 ooo= = -[]] 
Maori 0 0 0 0 0 o::xx:co:x:o�----�i 

Pacfic 0 oomo �--[}i 
Asian 0 0 0 t-{JJ � 
Other 0 = = t---ITJ� 

30 40 50 60 70 80 
Total Raw Score 

The fifteen original were combined to form 

three main areas: upper North Island, lower Nmth Island 

and South Island. There was no significant association 

between region and age group. Some look to have 

lower averages, although sample groups were too small to 

complete significance testing between individual regions. 

In addition, while each geographic region's was 

balanced for gender and age, they were not balanced for 

socioeconomic group and ethnicity, both of which were 

also significant factors in total score. The differences 

between regions are likely to reflect the decile level of the 

school the samples were drawn from, rather than represent 

the likely scores for the geographic region as a whole. The 

distribution of total score across regions is represented in 

Figure 4. 
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Distriburion of total score CJ(JOSS regions 

Northland Region 

Auckland Region 

Waikato Region 

Bay of Plenty Region o 
Hawkes Bay 

Taranaki Regiori 

/,Jlanawatu-\/1/anganut 

Wellington 

Nelson Region 

f\/larlbcr0ugh Reg1011 

Tasman Region 

\Nest Coast Region 

Canterbury 

otago Region o 

Southland Region 

30 

0 

40 

had an effect on total scores. No 

score 
across Regions 

50 60 70 
Total Raw Scrne 

80 

detected in any age group between urban and rural scores. 

These results can be viewed in 5. 

5. Distribution of total score by urban/rural area 

urban 0 0 0 000 00 00000 =�----DJi 

40 50 60 70 80 90 
Total Raw Score 

Socio-economic status 

School decile rankings were used as an estimate of socio­

economic status. Schools in deciles 1 and 2 were deemed 

"low" decile schools. Mid rankings were given to schools 

with decile ratings of 3 to 7 and high decile ranked schools 

had decile ratings of 8-10. Figure 5 presents the distiibution 

of articulatory scores across socio-economic groupings. 

Results were analysed to determine if there was a 

significant effect of decile band on total scores on the 

NZAT Overall, (not taking age into consideration), there 

was a significant association between school decile (high, 

middle, low) and total score (p = < 0.0001). These results 

are represented in Table 11. 

Distribution of total score by socio-economic group 

§ 
&, 
c 
-E 
§ mid oo 

� ·o 0 CJ:; O 0 0 0 

30 

Distribution of Total Score 

Total Raw Score 

Results of chi-square tests for school decile group by 

age group 

5;0-

-5;11 

-6;11 

-8;11 

0.181  

0.040 

0.002 

0.00 1 

0.054 

The findings showed that the vast majority of New Zealand 

children begin school at five years with adult speech sound 

patterns. A minority of children are still developing some 

a ffiicates, glides, blends and fricative sounds. As expected, 

there was a clear pattern of older children achieving higher 

scores on the test than younger children. Also consistent 

with previous research, girls were seen to develop 

articulatory proficiency earlier than boys. and 

socioeconomic status were significant factors in younger 

children's performance in the NZAT. These factors have 

not previously been shown to have a significant effect on 

articulation development. Consistent with earlier findings, 

population density and region had no discernable effect on 

articulation proficiency. 

on results 

Gender 

Overall, girls' scores on the test were significant] y higher 

at ages five to six years but not at ages seven to eight years, 

indicating that girls develop sounds more quickly, but boys 

have largely "caught up" by seven to eight years. 
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Girls achieved 95% criterion 

hi, 

same sounds except for the same 

age. Both and had achieved lrl at 90% mastery 

at age six years. Girls achieved 90% criterion for lrl blends 

age while achieved the same criterion between 

six to seven years. Initial consonant blends were 

achieved between ages to seven years for and six 

to years for W hile reached 90% criterion 

for Isl, lzl and Isl blends at age five and a half and showed 

and a 

and Kem 

similar pattern of 

ages. Sax noted this trend 

of Isl, showed an 

children. Goldman and Fristoe showed 

six to ten percent dip in on Isl for both 

and girls at school age, but only in some word positions. It 

is that some children, who acquired an acceptable 

Isl early in development, then adopt an error pattern for a 

time before reverting to an production again 

(Smit et al., 1 and Prather (1986) suggested 

that reversals affecting Isl might be due to shifting 

standards of examiners, who may unconsciously tolerate 

greater deviations in younger than older children. If this 

postulation holds true, examiners in the current study must 

have only had higher standards for the girls at older ages, 

as the reversal trend was seen in the girls' sample alone 

despite both genders being tested in equal proportions. 

Another likely cause for this reversal is sample error or 

random fluctuation, as while Isl is the most commonly 

affected phoneme, this trend has also been reported in 

other sounds ( Smit et al, 1990). This issue requires further 

investigation in future research. 

Girls showed greater proficiency with voiceless 'th' at age 

eight with 76% testing correct compared with 66% for 

boys. Girls reached 90% criterion for voiced 'th' at age eight 

with boys testing at 84% at the same age. Most studies 

have reported that girls achieve interdental fricatives faster 

than boys. For example, Smit et al. (1990) reported girls 

were producing voiceless 'th' correctly on 90% of attempts 

at age six and voiced 'th' at age four years six months. Boys 

reached 90% correct at eight and seven years respectively. 

current 

a number of 

' fine motor 

differences in brain maturation rates 

earlier maturation of organs 

and differences 

Children from Maori or Pacific Island ethnic 

There are 

differences: 

socialisation 

on average scored lower than children from other ethnic 

It is POSSlb!e 

to ear infections 

National 

Socio-economic 

School decile is a crude proxy measure for a child's socio­

economic status. It is therefore not to over 

interpret of the significance of any socio-

economic findings. The results indicated a 

those in higher decile schools to score more 

for 

in the 

older age groups. In the two younger age groups, there was 

no particular association between decile and total score. 

At age eight years it appears that all scores improve with 

age, but that improvement may be less consistent in the 

lower deciles. Given that ethnicity is a factor in 

decile rankings of schools and that it was also found to be 

correlated to lower scores, the correlation between lower 

scores and decile band is not surprising. 

norms 

summary chart 

The results of the NZAT norming have been compared 

with Sander's chart. (based on studies by Templin, 

1957 and Templin, 1957), which are the widely used 

norms in clinical practise in New Zealand. Overall, the 

developmental pattern is similar between the two sets of 

normative data. However, there are some differences in 

type of information presented and in which ages children 

reach 90% criterion. 

Firstly, the NZAT norms are divided into male and female 

norms, whereas Sander's chast presents both genders 

together. The normative results of the NZAT indicated 

that boys and girls norms develop speech sounds at 

significantly different rates until at least age 8 years and 

therefore should have separate norms. 
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There was some difference in sounds and ages tested. 

selection of initial two and three sound consonant blends 

were assessed in but not in Sander ( 1  The 

/z/ sound was not included in the NZAT but featured in 

Sander's chart In l�ZAT norms cover ages five to 

years, whereas Sander on ages two 

years. 

The ages at which children reach 90% criterion were 

almost all earlier in the norms with 

Sander's chart. Of the sounds which are still 

at ages five to the NZAT norms 

lzl, ldZI and /v/ as 

/ti, 

between six months to two years earlier than indicated 

on Sander's chart. /r/ met 90% criterion at the same 

time in both the NZAT norms and Sander's chart. This is 

consistent with the findings of other researchers who have 

collected local norms to earlier data and found 

Voiceless 'th' was the sound to later in the NZ 

norms. percent of NZ children tested at age 

eight had voiceless 'th' correct. Sander ( 1972) reported 

interdental fricatives reaching 90% c1iterion at eight years. 

A more recent American study ( Goldman & Fristoe, 2000) 

reported similar results to Sander ( 1972). New Zealand 

children seem to be acquiring voiceless 'th 'more 

compared with American populations. Voiced 'th ' results 

were similar between the three studies, with 87% to 93% 

of children having acquired this sound by age eight years. 

As this is the sound to be developed more in 

the NZAT results than in other articulation development 

studies, and the discrepancy is wide ( 19% ), this may 

indicate a dialectal effect rather than purely developmental 

processes. The substitution of /f/ for voiceless 'th' is 

becoming more accepted by a wider group of NZ society, 

amongst people of non European ethnic backgrounds, non­

English speaking backgrounds and lower socio economic 

classes. 

Limitations research 

Essentially, this research seeks to provide local norms 

for the NZAT, rather than to define customary ages of 

It is limited in its breadth of as test 

instance of for each sound 

The definition of customary ages of 

issues such as 

NZAT test is for ages five to years and 

is unsuitable for younger children due to the time needed to 

administer the test and the number of small 

per page. An articulation test needs to be 

normed for two to four years in New 

Zealand. 

New Zealand clinicians are advised to use these local 

and current norms in with the NZAT test 

rather than continue to use Sander's chart. This because 

the Sander's norms are based on data from 193 1 and 

1957; on different populations in terms of ethnic mix and 

educational practises from tested on smaller sample 

50 per age grouping), which did not 

include children with articulation disorders; and also used 

a different articulation test. It is also advised that 

norms be used for girls and boys. Clinicians should also 

bear in mind that children from Polynesian ethnic or lower 

socioeconomic backgrounds may score lower on the test 

especially at younger ages. 
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