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The Before School Check 
(B4SC): reporting outcomes 

and referral rates for all 
New Zealand children
Noni Richards, David Reith, Michael Stitely, Alesha Smith 

The Before School Check (B4SC) is a 
health and development screening 
programme that assesses the school 

readiness of four-year-olds prior to school 
entry in New Zealand. The programme aims 
to identify any issues a child may have that 
could negatively affect their participation 
in education. Assessments cover a num-
ber of childhood health and development 
domains, including height and weight, oral 
health, vision, hearing and emotional and 
physical development. 

Participation in the B4SC programme is 
voluntary and provided at no cost to the 
family. Assessments are carried out by 
registered nurses and vision and hearing 
technicians throughout New Zealand 

in different locations depending on the 
needs of the community, for example, 
preschools, general practice clinics and 
other community venues such as churches 
and marae. The assessments are part of the 
WellChild Tamariki Ora programme and 
are the eighth and fi nal contact a child has 
with this programme from birth.1 The data 
are collected and stored in a secure national 
database that is managed by the Ministry of 
Health. Depending on the outcomes of the 
assessments, children may be referred to 
other services if required. Since 2013, over 
90% of all eligible four-year-olds have partic-
ipated in the programme each year, making 
it a unique collection of data covering the 
physical and psychosocial development of 
New Zealand four-year-olds.2 

ABSTRACT
AIMS: Describe the data obtained through the Before School Check (B4SC) and report on the outcomes and 
referral rates of the B4SC measures.

METHODS: Cross-sectional study of B4SC data collected between January 2012 and December 2016.

RESULTS: A� er excluding duplicate entries, 287,572 children from the B4SC database were included for 
analysis. Two or more significant developmental concerns (assessed by the by Parental Evaluation of 
Developmental Status (PEDS) questionnaire) were identified in 14,177 (4.9%) children. Less than four 
percent (n=10,941) of children had abnormal Strengths and Di� iculties Questionnaire (SDQ) scores of 17 
or more, indicating concerns about emotional and behavioural development. Eight percent of children 
(n=24,147) had BMIs in the 98th centile or above. Only half (56%) the number of children meeting the criteria 
for referral in the PEDS and SDQ assessments were referred or already under care. A quarter (25.2%) of all 
children in areas with the highest deprivation scores were referred for further assessment in at least one of 
the measured domains compared with 14% of children in areas with the lowest deprivation scores. 

CONCLUSIONS: The B4SC database provides an overview of the development of four-year-old 
children in New Zealand. Less than 5% of children had abnormal scores in assessments that measure 
neurodevelopment, however not all children who met the referral criteria were referred to other health 
services. Rates of referral increased with increasing deprivation score. 
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The B4SC has been operating in New 
Zealand since 2008 and while the Ministry 
of Health measures and reports on the B4SC 
programme uptake and coverage against 
targets, little has been published that 
describes or analyses the data collected or 
to determine if the programme is achieving 
its goals. The aim of this study is to describe 
the data obtained through the B4SC and 
report on the outcomes and referral rates 
of the following B4SC assessments: vision, 
hearing, body mass index, emotional and 
physical development.

Methods
This is a cross-sectional study using the 

data collected by the B4SC. In addition to 
measuring vision and hearing using distance 
visual acuity, sweep audiometry and tympa-
nometry, height and weight measurements 
are taken and children are screened for 
their emotional and physical development 
with two questionnaires, the Strengths and 
Diffi  culties Questionnaire (SDQ) and the 
Parental Evaluation of Development Status 
(PEDS) tool.3 The Appendix contains a more 
detailed explanation of collection methods 
used for each assessment. We obtained 
permission to access the data, which is 
stored and managed by the New Zealand 
Ministry of Health. The study was approved 
by the University of Otago Human Research 
Ethics Committee (HD17/003).

Study population
The study population is all children, 

aged between 37 months and 71 months, 
who have had an assessment as part of 
the B4SC between 1 January 2012 and 
31 December 2016. Every person in New 
Zealand has a unique National Health Index 
(NHI) number, an alphanumeric identifi er 
that is used in most interactions with the 
health system over their life. All cases in 
the B4SC had an NHI number. These NHI 
numbers were anonymised via encryption, 
and data obtained from the B4SC included 
all information collected for the following 
assessments: height, weight, body mass 
index (BMI), vision and hearing screening 
results, and outcomes of the PEDS and SDQ 
questionnaires (oral health checks were 
not included). Outcomes in the B4SC refers 
to service delivery outcomes and does 
not refl ect overall health and wellbeing 
outcomes. Gender, age in months, ethnicity 

and socioeconomic deprivation quintile 
were provided as part of the dataset. Socio-
economic deprivation is estimated using 
The New Zealand Index of Deprivation 2013 
(NZDep2013) which combines variables 
from the 2013 census data on eight dimen-
sions of deprivation to provide a deprivation 
score for each ‘meshblock’ in New Zealand. 
A meshblock is a small geographical 
unit containing approximately 81 people 
with each meshblock assigned a scaled 
continuous score. To allow for categorical 
analysis, NZDep2013 divides New Zealand 
into fi fths based on the distribution of these 
continuous scores. Quintile 1 represents the 
20% of areas with the lowest (least deprived) 
NZDep2013 scores whereas a meshblock 
in quintile 5 is in the 20% of areas with the 
highest (most deprived) deprivation scores.4 

Duplicate entries were removed and data 
were examined for accuracy with implau-
sible measurements excluded, eg, a child 
whose age was entered as 144 months (12 
years). 

Analysis
The data were analysed using SPSS5 

software (version 24) to generate descriptive 
statistics. Stata software (version 15) was 
used to compare referral rates by depri-
vation score using Pearson’s chi-square tests 
with signifi cance set at p<0.05. 

Results
Demographics 

Excluding 3,921 (1.3%) duplicate entries 
from the dataset left 287,572 children partic-
ipating. Participating children were not 
spread evenly across NZDep2013 quintiles; 
there was a higher proportion in quintile 
5 than in the other NZDep2013 quintiles. 
European and other ethnicities were the 
most common ethnicity receiving the B4SC 
checks, followed by Māori. Table 1 describes 
the demographics of the cohort. 

Vision and hearing assessment
The majority of children passed vision and 

hearing screening; 236,651 (82.3%) children 
passed vision screening and 233,411 (81.2%) 
children passed hearing screening. 19,204 
(6.7%) children were referred for further 
vision assessment and 15,713 (5.5%) 
children were referred for further hearing 
screening. Nine thousand, eight hundred 
and ninety-nine (3.4%) children were 
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already under the care of an ophthalmol-
ogist/optometrist and 10,240 (3.6%) children 
were already under the care of an otorhino-
laryngologist or an audiologist. Only 2.2% of 
children had caregivers decline screening. 
Virtually all children who failed vision or 
hearing screening in the B4SC were referred, 
rescreened or already under care. After 
failed visual acuity testing in either eye, 
96.7% of children were referred, 2.0% were 
rescreened and 1.1% were already under 
care. After failed audiometry in either ear, 
57.7% of the children were referred, 44.1% 

were rescreened and a further 2.0% were 
already under care.  

Parents Evaluation of Development 
Status (PEDS) questionnaire

The majority of children (67.4%) assessed 
using the PEDS tool for the B4SC had no 
signifi cant developmental concerns. The 
B4SC guidelines recommend that children 
with two or more signifi cant concerns 
identifi ed in PEDS should be referred for 
further assessment (Pathway A). Fewer than 
5% of children (n=14,177; 4.9%) had two or 
more signifi cant concerns. However, not all 
children assigned to Pathway A were referred 
to other services. Of those with two or more 
signifi cant concerns identifi ed in PEDS, 4,990 
(35.2%) children were referred, 4,309 (30.4%) 
were already under care and 3,273 (23.1%) 
were given advice. Table 2 shows the number 
of children assigned to each PEDS pathway 
and the associated outcomes. 

Of the 13,942 children who were referred, 
9,789 referrals (70.2%) were completed, 
2,799 (20.1%) were in progress, the service 
provider declined 866 children (6.2%) 
and 488 children (3.5%) did not attend the 
referral because the caregiver declined.

Strengths and Di� iculties 
Questionnaire (SDQ): parent-
completed

The majority of the cohort (87.4%) had 
normal SDQP scores less than 14. The B4SC 
recommends children scoring between 
17 and 40 for a parent-completed SDQ 
should be referred for further assessment. 
A small proportion of the cohort, 10,941 
(3.8%) children had total SDQ scores of 17 
or higher and of those 3,207 (29.3%) were 
referred, 1,860 (17.0%) were already under 
care, and 3,832 (35.0%) were given advice. 
Table 2 compares the SDQ scores with the 
recorded outcome. 

The SDQ score is signifi cantly more 
sensitive if both a parent and teacher 
complete the questionnaire,6 however 
48% of the teacher completed-SDQ results 
have declined, non-applicable or missing 
outcomes, therefore results from this part of 
the B4SC have been excluded from further 
analysis in this study.

Table 1: Demographics. Assessments by 
NZDep2013 quintile, ethnicity and gender.

NZDep2013 quintile No. (%)

1 – least deprived score 55,140 (19.2)

2 53,160 (18.5)

3 52,734 (18.3)

4 55,169 (19.2)

5 – most deprived score 69,224 (24.1)

Missing 2,145 (0.7)

Ethnicity

European and other 154,082 (53.6)

NZ Māori 66,479 (23.1)

Pacific 29,052 (10.1)

Asian/Indian 33,466 (11.6)

MELAA 4,493 (1.6)

Gender

Male 147,864 (51.4)

Female 139,708 (48.6)

Total 287,572

NB: 0.7% missing includes those assigned quintile 
0, which is invalid. MELAA: Middle Eastern/Latin 
American/African.
Implausible measurements were infrequent across the 
B4SC database but excluded from analysis where they 
occurred. This resulted in 530 (0.2%) children excluded 
due to invalid age reporting and 181 (0.06%) children 
excluded due to implausible BMI measurements, 
which were BMI measurements that were <5 or >5 
standard deviations from the mean without a referral 
explanation.
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Table 2: PEDS Pathways, SDQ Parent scores and outcomes.

Outcome of assessment a� er assignment of PEDS pathway or SDQP score

Advice 
given
n= 63,988

 No action
n=185,906

Referred 
- referral 
declined
n=2,009

Declined 
assessment
n=2,687

Referred
n=13,942

Under care
n=10,786

Missing
n=8,254

Total
n=287,572

PEDS Pathways

A – ≥2 concerns 3,273 
(23.1)

1,084 (7.6) 502 (3.5) 19 (0.1) 4,990 
(35.2)

4,309 
(30.4)

0 (0.0) 14,177 
(4.9)

B – 1 concern 18,847 
(47.1)

9,426 
(23.6)

685 (1.7) 17 (0.0) 6,184 
(15.5)

4,822 
(12.1)

0 (0.0) 39,981 
(13.9)

C – 1 non-
significant 
concern

14,406 
(53.1)

8,982 
(33.1)

528 (1.9) 8 (0.0) 2,206 
(8.1)

1,017 (3.7) 0 (0.0) 27,147 
(9.4)

D – 
communication 
di� iculties 

548 (34.4) 897 (56.3) 26 (1.6) 1 (0.1) 80 (5.0) 41 (2.6) 0 (0.0) 1,593 (0.6)

E – no concerns 26,914 
(13.9)

165,517 
(85.4)

268 (0.1) 15 (0.0) 482 (0.2) 597 (0.3) 1 (0.0) 193,794 
(67.4)

Missing 0 (0.0) 0 (0.0) 0 (0.0) 2,627 (24.1) 0 (0.0) 0 (0.0) 8,253 
(75.9)

10,880 
(3.8)

SDQ score 
totals
categorised

Advice 
given
n= 55,794

No action 
n=204,591

Referred 
- referral 
declined
n=2,866

Declined 
assessment
n=4,109

Referred
n=7,709

Under care
n=4,246

Missing
n=8,257

Total
n=287,572

No concern 
(0–13)*

47,217 
(18.8)

198,426 
(79.0)

1,167 
(0.5)

74 (0.0) 2,888 
(1.1)

1,549 (0.6) 1 (0.0) 251,322 
(87.4)

Some concern
(14–16)

4,745 
(36.1)

5,310 
(40.4)

585 (4.5) 43 (0.3) 1,614 
(12.3)

837 (6.4) 1 (0.0) 13,135 
(4.6)

Refer
(17–40)

3,832 
(35.0)

855 (7.8) 1,114 
(10.2)

73 (0.7) 3,207 
(29.3)

1,860 
(17.0)

0 (0.0) 10,941 
(3.8)

Missing 0 (0.0) 0 (0.0) 0 (0.0) 3,919 (32.2) 0 (0.0) 0 (0.0) 8,255 
(67.8)

12,174 
(4.2)

*The no concern category includes some children ‘under care’ because these categories are assigned by calculating the score totals for the 
individual domains. Some of the children who were already under care had not been assessed using the SDQP and therefore their scores had 
been entered as zeroes instead of blanks.

Height, weight and BMI centile
Only 720 children (0.3%) in the cohort 

were in the lowest BMI centile group (0.4% 
and under) and of those, 34 (4.7%) were 
referred. A large proportion of the cohort 
(24,147 children; 8.4%) had BMIs in the 98th 
centile or above (Figure 1). Referral rates 
were higher from children in the higher BMI 

percentiles, 11.6% of the 98 to 99.6 centile 
were referred and 37.6% of those who were 
over the 99.6 centile were referred. 

The median BMI is 16.16. 4.7% of the 
sample had missing values including 0.9% 
that did not have a BMI centile entered into 
the database. 
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Referrals by deprivation index 
(NZDep2013 quintiles)

Children living in areas with the highest 
deprivation scores (NZDep2013 quintile 
5) had the highest proportion of referrals 
in each assessment and overall (p <0.001). 
A quarter (25.2%) of the children in 

NZDep2013 quintile 5 were referred for 
further assessment in at least one of the 
measured domains compared with 13.9% 
of children living in areas with the lowest 
deprivation scores (NZDep2013 quintile 
1). Table 3 shows the number of children 
referred for each assessment and overall. 

Figure 1: Number of children in each BMI centile.

Table 3: Referrals by NZDep2013 quintile.

Referrals by NZDep2013 quintile 
n (%)a

NZDep2013
quintile

Hearing
n=15,713

Vision
n=19,204

PEDS
n=13,942

SDQP
n=7,709

Growth percentile
n=7,120

Any referral
No. (%)b

1 – least 
deprived score

2,044 (3.8) 3,041 (5.6) 1,980 (3.7) 781 (1.5) 685 (1.3) 7,411(13.9)

2 2,186 (4.2) 3,056 (5.8) 2,102 (4.1) 1,024 (2.0) 820 (1.6) 7,774 (15.1)

3 2,461 (4.7) 3,332 (6.4) 2,397 (4.7) 1,199 (2.3) 1,111 (2.2) 8,723 (17.0)

4 3,214 (5.9) 3,860 (7.1) 2,900 (5.4) 1,736 (3.2) 1,467 (2.7) 10,564 (19.7)

5 – most 
deprived score

5,725 (8.4) 5,792 (8.5) 4,485 (6.6) 2,923 (4.3) 3,016 (4.5) 17,061 (25.2)

Missing 
quintile

83 (3.9) 123 (5.7) 78 (3.6) 46 (2.1) 21(1.0) 291 (13.8)

apercentage with a referral within each NZDep2013 quintile.
bpercentage that had any type of referral within each NZDep2013 quintile.
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Rates of referral to specialist care 
following abnormal PEDS and SDQP 
assessments increased with increasing 
deprivation score (Table 4). This contrasted 
with the proportion of children that had an 
abnormal PEDS or SDQP assessment, who 
were already under specialist care. Children 
living in NZDep2013 quintile 1 were more 
likely to be already under specialist care 
than children living in NZDep2013 quintile 
5. There were no signifi cant differences by 
deprivation score in referral rates following 
failed vision and hearing screening. 

Discussion
Although individual aspects of the B4SC 

have been examined in detail,7–10 this study 
examines the database across a number of 
indicators. We reported on the outcomes 
of the assessments that form the B4SC and 
found that not all children who meet the 
referral criteria are referred to other health 
services and the proportion of children 
referred for further assessment increased 
with increasing deprivation score.

Assessment outcomes
In addition to 3.4% of children who were 

already under care for vision impairment, 
6.7% of the four-year-old population were 
referred for additional vision assessment 
from the vision screening in the B4SC. This 
aligns with fi ndings from a study examining 
the prevalence of vision impairment in 
pre-schoolers in Sydney, which found that 
6.4% had some vision impairment in one or 
both eyes.11 

Less than 5% of the children in the B4SC 
had two or more signifi cant developmental 
concerns during screening, putting them at 
increased risk of developmental problems. 
In addition, 13.9% of this cohort had one 
signifi cant concern and another 9.4% had 
a non-signifi cant concern. Studies of other 
populations using the PEDS question-
naire have found a higher prevalence of 
developmental concerns, for example an 
Australian study of children aged between 
18 months and fi ve years, nine months 
found two or more signifi cant concerns 
in 9% of the population and one signif-
icant concern in 19%. They also found that 
24.4% of parents reported a non-signifi cant 
concern.12 PEDS standardisation studies 
from the US also found a higher prevalence 
of parental concerns, 11% identifi ed two or 
more developmental concerns and 26% of 
parents identifi ed one signifi cant concern, 
however a large proportion of the children 
were recruited from paediatric clinics which 
may introduce bias towards a higher prev-
alence of developmental concerns because 
parents are seeking healthcare.13 A meta-
analysis of 37 studies reporting outcomes 
from the PEDS found that overall 13.8% of 
parents had concerns indicating that their 
child was a high developmental risk and 
19.8% had concerns indicating their child 
was at moderate developmental risk.14 
Studies included in the meta-analysis were 
conducted in 12 countries and involved 
children ranging in age from less than 
one month to seven years, 11 months. It 
is possible that the rate of developmental 

Table 4: Referrals following abnormal PEDS and SDQP assessments, by NZDep2013 quintile.

PEDS ≥2 concerns
n=14,177

SDQP score (17–40) 
n=10,941

NZDep2013 quintile Referred n (%) Under care n (%) Referred n (%) Under care n (%)

1 – least deprived score 707 (33.3) 688 (32.4) 348 (36.8) 209 (22.1)

2 799 (34.2) 759 (32.5) 480 (36.3) 281 (21.3)

3 940 (37.2)* 791 (31.4) 603 (37.0) 311 (19.1)

4 1,131 (38.2)** 901 (30.4) 936 (39.8) 397 (16.9)**

5 – most deprived score 1,890 (45.7)** 1,145 (27.7)** 1,927 (41.8)* 658 (14.3)**

Missing 25 (26.3) 25 (26.3) 27 (37.5) 4 (5.6)

NB: rate of referral and proportion of children already under specialist care compared by NZDep2013 quintile with 
NZDep2013 quintile 1 as the reference category, * denotes p<0.05; ** denotes p<0.001.
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concerns is lower in this New Zealand 
cohort because the age of children assessed 
in the B4SC is different to other studies. 
Other potential reasons for the difference 
could be underreporting by parents, or 
children have already been identifi ed and 
referred to services by other health or 
education providers. 

Similar to studies in other populations, 
most children in the cohort had normal SDQ 
scores between 0–13 and only 3.8% had 
abnormal SDQ scores of 17 and above. A US 
sample of four- to seven-year-olds found 
that 87.7% had SDQ scores between 0 and 
13, 6.0% had SDQ scores of 14 to 16 and 6.3% 
had SDQ scores 17 and higher.15,16 A Spanish 
sample of four-year-olds found 88.5% had 
scores 0 to 13, 6.7% had scores 14 to 16 and 
4.8% had scores 17 and above.15,17 

Other researchers have examined the 
B4SC data specifi cally investigating BMI 
measurements.9,10 Rajput et al10 found 
that between 2009 and 2012, one in three 
children were overweight or obese and 
Shackleton et al9 found rates of obesity in 
preschool children declined between 2010/11 
and 2015/16. Comparison of our analysis to 
these studies is diffi  cult because they have 
used different reference standards, however 
our analysis of this dataset also revealed 
more children in the highest percentiles for 
BMI compared to the lowest percentiles. 

Referral rates
The B4SC guidelines suggest that all 

children with two or more concerns iden-
tifi ed by the PEDS questionnaire should 
be referred through Pathway A onto other 
services such as speech and language 
assessment, occupational/physiotherapy, 
mental health services or intellectual/
educational assessments. In this cohort, 
37% of the children assigned Pathway A 
were referred. This most likely refl ects 
the fact that nurses use clinical judgment 
to decide who needs referral and who is 
suitable to receive tailored advice.1 Other 
studies have found varying rates of referral 
following the identifi cation of potential 
developmental delay in screening tests.18,19 
One study of infants followed up at age 
12–16 months following NICU admission in 
California found that 34% of those iden-
tifi ed with developmental concerns were 
not referred to any intervention services.19 
Another study found that only 60% of the 

children identifi ed as having at-risk scores 
on a developmental questionnaire were 
referred, with providers reporting that 
they were most likely to refer if children 
were scored at-risk across a number of 
measures or had a gross-motor develop-
mental delay. Additionally, real or perceived 
lack of availability of services decreased the 
likelihood of referral.18 Referral rates from 
the parent-completed SDQ were lower than 
those from the PEDS assessment. Fewer than 
30% of children with concerning SDQ scores 
were referred. In this cohort, it is possible 
that some children had already been iden-
tifi ed for referral for behavioural problems 
by the PEDS questionnaire as this question-
naire is usually administered fi rst. Feedback 
from nurses in an early pilot study20 
indicate that SDQ referrals are underrepre-
sented because children with behavioural 
problems had already been identifi ed and 
referred through the PEDS pathways. It is 
also possible that the low referral rates are 
due to services having been unavailable 
in some areas. Ideally, the teacher-com-
pleted SDQ would have been analysed as it 
increases the sensitivity and specifi city of 
the SDQ, however it was missing for a large 
proportion of the population. 

Referrals increased with increasing depri-
vation score. Two possible reasons for this 
could be a higher rate of health problems 
in children in higher deprivation groups 
and that children from areas with lower 
deprivation scores (ie, NZDep2013 quintile 
1) were more likely to have already been 
referred to further services for develop-
mental concerns before they attended the 
B4SC.21 Children living in areas with higher 
deprivation scores (NZDep2013 quintile 5) 
had a higher rate of referral following an 
abnormal PEDS or SDQP assessment, but 
conversely the proportion of those already 
under care was lower when compared to 
children from areas with lower deprivation 
scores. Children younger than four years old 
already under specialist care are likely to 
have been referred by other health profes-
sionals. In these cases clinical judgement 
may determine who requires referral, 
however this alone has low accuracy 
and can be subject to provider bias.22 For 
example, the likelihood of an autism diag-
nosis has been shown to be affected by the 
socioeconomic status of the child.23,24 In two 
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studies, children from high socioeconomic 
backgrounds were diagnosed with autism 
earlier23 or more likely to be diagnosed 
with autism from case vignettes24 when 
compared to those from low socioeconomic 
backgrounds. Standardised and validated 
tools such as the PEDs questionnaire, which 
has a sensitivity of 74–79% and specifi city 
of 70–80% when detecting disabilities in 
children across different age groups, are 
used in the B4SC to identify developmental 
delays in children.25 

The B4SC appears to identify some 
children who have been missed earlier for 
referral. However, despite a large cohort of 
children being identifi ed and referred for 
assessment of previously unrecognised need, 
there is also a signifi cant group who have not 
been referred. To understand the reasons for 
this, further investigation is required. 

Data completeness and suitability 
of use in research

The B4SC is offered to all four-year-olds 
enrolled in a Primary Health Organisation 
(PHO; 93% of the population are estimated 
to be enrolled in a PHO with enrolment of 
children likely to be higher26). Uptake of the 
B4SC has increased each year and achieved 
92% of all eligible children in 2015/16.2 This 
has resulted in a large database of children 
and their assessments. Overall, the data 
completeness in this cohort was good, with 
less than 5% of assessments missing in all 
domains except the teacher-completed 
SDQ. The number of duplicate cases was 
low and very few cases were excluded 
due to implausible data. All cases had an 
encrypted NHI attached, which means they 
can be linked to other databases using this 
encrypted identifi er. We identifi ed a rela-
tionship between deprivation index and the 
proportion of children referred. This would 
suggest that any further research involving 
B4SC analyses should have NZDep2013 
quintile as a covariate. 

Strengths
This database covers a large proportion of 

the four-year-olds in New Zealand therefore 
capturing data across all socioeconomic and 
ethnic backgrounds. It captures data about 
the psychosocial development of children 
across New Zealand that would not otherwise 
be captured. Data errors were infrequent 
considering the size of the database. 

Limitations
The data describes how many children 

were referred to other services, but does not 
contain complete information on the effect 
of the referrals, ie, whether these referrals 
had positive results for these children. 
Despite good coverage nationwide (92%), we 
do not have any information about the 8% of 
children missing from the dataset or the up 
to 7% of children not enrolled with a PHO.  

The data quality largely relies on the 
measurements taken and recorded by indi-
vidual nurses introducing the possibility of 
non-uniform measurements. However, all 
nurses are trained in the B4SC and follow 
standardised guidelines. In addition, as 
with other database studies, the results rely 
on the accuracy of the data entry. As there 
were very few implausible measurements 
discovered in the data, it is likely that data 
entry inaccuracies were minimal. 

Conclusions
The B4SC provides an overview of the 

physical and psychosocial development of 
children aged four years in New Zealand. 
Less than 5% of children had abnormal 
scores in assessments that measure neuro-
development, however not all children who 
met the referral criteria were referred to 
other health services; the reasons for this 
warrant further investigation. Rates of 
referral increased with increasing depri-
vation score.
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Appendix
Assessments used in the B4SC aim to measure a number of child developmental domains.1 

Vision
The B4SC uses the Parr letter-matching vision charts from four metres to screen for visual 

acuity. The outcomes are recorded as pass, rescreen or refer. Children are not screened 
during the B4SC if they are already under the care of an ophthalmic/optometric practitioner.

Hearing
Audiometry screening for the B4SC involves children responding to sound cues at various 

decibels and frequencies. Tympanometry, to rule out any fl uid on the ear, follows any 
abnormal audiometry screening. Children under the care of an otorhinolaryngologist or 
an audiologist, wearing hearing aids, with cochlear implants or currently with grommets 
inserted do not undergo audiometry or tympanometry. 

Development
The B4SC uses the Parents Evaluation of Development Status (PEDS) questionnaire to 

screen for developmental delays in children. Parents answer a 10-item questionnaire to 
detect developmental and behavioural concerns from birth to eight years old. The PEDS 
questionnaire asks general questions about behaviour, development, speech and language, 
and motor skills to assign children to Pathways A, B, C, D or E depending on the number 
of parental concerns.13 Pathway A is two or more signifi cant developmental concerns, 
Pathway B is one signifi cant concern, Pathway C is one non-signifi cant concern, pathway D 
is parental communication diffi  culties and pathway E is no concerns. 

Referral pathways differ by region and nurses need to use clinical judgement about which 
services to refer a child to. Children with two or more signifi cant concerns (Pathway A) may 
be referred for speech and language assessment, occupational/physiotherapy, mental health 
services or intellectual/educational assessments, depending on specifi c concerns and the 
results of the other aspects of the B4SC. 

Behaviour and emotion
The Strengths and Diffi  culties (SDQ) questionnaire is a brief questionnaire for parents 

and early childhood teachers comprising fi ve important domains of child psychopathology, 
including emotional symptoms, conduct problems, hyperactivity-inattention and peer 
problems. The SDQ is scored using a 3-point Likert scale where 0 = not true, 1 = somewhat 
true and 2 = certainly true; several questions are reverse scored.27 The resultant SDQ scores 
can be used as continuous variables but are often classifi ed into the categories normal, 
borderline and abnormal. For example, for total diffi  culties with a parent as the informant, 
normal is a score of 0–13, borderline is 14–16 and abnormal is 17–40. This varies slightly 
for SDQ scores generated by the teacher questionnaire with normal being a score of 0–11, 
borderline 12–15 and 16–40 being an abnormal score. 

Height and weight
B4SC nurses use calibrated scales to measure weight and stadiometers to measure height. 

The average of two readings for each measurement is plotted on reference charts to work 
out height and weight centiles. These height and weight centiles are plotted on a BMI centile 
chart to determine BMI centile. BMI centile is recorded to monitor the weight status of 
the child population and is also used to determine which children require referral. B4SC 
referral guidelines advise that children less than the 0.4th percentile for height, weight or 
BMI or above the 98th centile for BMI should be referred. 
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