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CHAPTER 2 |Validity and internal consistency of the Ages and
Stages Questionnaire 60 months’ version and the effect of
three scoring methods
ABSTRACT

Background: The Ages and Stages Questionnaire (ASQ) is currently the most used parentcompleted developmental screener consisting of different age-specific questionnaires.
Psychometric evaluation of the ASQ 60 months version (ASQ-60) is limited. Furthermore,
it is unclear which of the available scoring-methods of the ASQ is most useful in the
identification of children with potential developmental problems.
Aim: To evaluate the internal consistency and construct validity of the ASQ-60 with a large
sample size, and to assess the effects of three scoring-methods on this validity.
Study design: Parents of 394 term-born and 1063 preterm-born children from the
prospective cohort-study Lollipop completed the ASQ-60 and a general questionnaire on
school-problems.
Outcome measures: Internal consistency and construct validity of the ASQ-60 were
determined using the ASQ total score. Construct validity was also determined using two
other types of scoring-methods based on low domain-scores (‘ASQ domain score’) and
parental-concerns (‘ASQ total score with parental-concerns’).
Results: Cronbach’s alpha for total score was 0.86, confirming internal consistency. Male
gender, prematurity, low paternal education, low family income and small-for-gestational
age were associated with low ‘ASQ total scores’, confirming construct validity. Regarding
construct validity with special education as criterion, sensitivity was best using the ‘ASQ
domain-score’ or the ‘ASQ total score’ with parental-concerns (both 0.96). However, the
specificity was best (0.93) using the ASQ total score.
Conclusion: The ASQ-60 has a good internal consistency and validity to screen for
developmental problems in the general population. The ‘ASQ total score’ has the best
performance, the ‘ASQ domain score’ is recommended in case of preferred high sensitivity.
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INTRODUCTION

Approximately five to fifteen percent of all children in the general population show
developmental problems,1,2 but at present only thirty percent are recognized as such
before school entry.3 Identification of developmental problems at early school age and
subsequent treatment may prevent larger problems and ameliorate the children’s chances
at school.3–6 However, screening all children with an extensive test battery is impossible
because these tests are expensive and time consuming. Therefore, simple and short but yet
valid screening instruments could be helpful to detect children at risk for developmental
problems.
The parent-completed Ages and Stages Questionnaire is used in this context.7 The ASQ
is the most commonly used parent-completed developmental screener worldwide.8,9 The
ASQ is inexpensive in use, easy to understand, and fast to complete (approximately ten
to fifteen minutes).6,7 Nineteen age-adequate ASQ versions are available from the age
of four to 60 months. Each ASQ version consists of five domains: Communication, Gross
motor, Fine motor, Problem solving, and Personal-social. Each domain is assessed using
six questions about reaching milestones. The response format is ‘yes’, ‘sometimes’, or ‘not
yet’, by which respectively ten, five, or zero points are accredited. In this way, scores for
each domain and an overall score can be calculated;7 these scores are the basis for the
various scoring methods. At the end of the questionnaire, parents can indicate -yes or no- if
they have concerns about development and the current skills of the child compared with
other children. When they have concerns, the parents can describe these concerns in an
additional open-ended question.
The psychometric properties of most age forms of the ASQ are confirmed in a wide
range of studies, but strong evidence for the 60 months’ version (ASQ-60) is lacking.7,10–13
Previous ASQ-60 studies in the US (original version), Korea and Norway had relatively small
samples, especially the sample sizes regarding the validity.7,10–13 Evidence is thus too weak
to support use of the ASQ-60 in routine well-child care.
A more general gap in evidence concerns the most useful scoring method when
interpreting ASQ outcomes. Three ASQ scoring methods have been used in clinical practice;
the ‘ASQ total score’, the ‘ASQ domain score’ and the ‘ASQ total score with parental
concerns’.1,7,9,14 The ‘ASQ total score’ is defined as low score if the total score deviates,1,11,14
the ‘ASQ domain score’ is low if at least one domain score deviates, and the ‘ASQ total score
with parental concerns’ is defined as low score if the ‘ASQ total score’ is low or parents
report general concerns or an abnormal development compared to peers. 1,7,9,14 The manual
of the ASQ mostly discusses the use of scores per domain (‘ASQ domain score’) 7,9 but several
authors have combined domains to compute an ‘ASQ total score’. 1,14 Such a total score has
the advantage that it provides a measure of the overall development of the child regarding
the domains covered by the ASQ. Obviously, this goes at the disadvantage of potentially
missing less severe problems that are restricted to one domain. This disadvantage of the
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‘ASQ total score’ could be undermined by adding the parental concerns in the interpretation
of the ASQ results; the ‘ASQ total score with parental concerns’.
In 2009, the third edition of the ASQ was published.15 We used the second edition of
the ASQ, because at the moment of our study (2007) the third edition was not available.
Differences between the second and third version concerned four points. First, in the
third edition of the ASQ-60, some items have been changed at details regarding wording,
illustrations or examples. Second, the age range for administration was widened. It now
concerns 57 through 66 months. Third, in the section about parental concerns, behavioral
concerns and intelligibility for others were added as topics. Fourth, the cut-off points for
some domains were slightly revised (maximal difference four points). All changes in the
third edition, in comparison with the second edition, were labeled as minor by its editors.15
In summary, the ASQ-60 is highly promising but requires an additional validation and
evidence is needed on the best method to score the ASQ. This study therefore aims to
evaluate the internal consistency and construct validity of the ASQ-60 with a large sample
size, and to assess the effects of three scoring-methods on this validity.

METHODS

Study population

Data were collected within the framework of the Longitudinal Preterm Outcome Project
(Lollipop) study, which focused on the growth and development of preterm born children,
particularly moderately preterm-born children. The Lollipop study cohort concerned a
community-based sample of children born in 2002 and 2003, obtained via twelve preventive
healthcare organizations in the Netherlands and five neonatal intensive care units (NICUs),
the latter to obtain additional early preterm born children (<32 weeks gestational age).1
From the original sample of 2072 children, 1457 were included in the current study.
Children, whose parents completed the ASQ-60 within three months around their child’s
fifth birthday, were included in our current study. Participating and non-participating
children differed with statistical significance (p<0.001) regarding rates of low maternal
education (39.9% vs. 24.8%), non-Dutch country of birth of the mother (4.0% vs. 10.7%)
and one-parent family (5.0% vs. 10.7%). The Lollipop study received approval from the local
Medical Ethical Committee. Written informed consent was obtained from all parents. The
study sample consisted of 1063 preterm born children (<36 weeks gestational age) and
394 term born children (38-42 weeks gestational age). Demographical backgrounds are
summarized in Table 1.
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Table 1: Socio-demographic characteristics of the study population by gestational age category.
N total

<36 weeks

38-41 weeks

1063

394

p-value

582 (55.2)

187 (47.0)

.005

32.3 (2.58)

39.5 (2.18)

<.001

25 - 35

38 - 41

Birth characteristics
Male gender, n (%)

2

Gestational age
- Mean (SD)
- Range
Small-for-gestational age < p10, n (%)

144 (13.7)

28 ( 7.0)

<.001

Multiparity, n (%)

342 (30.8)

260 (62.7)

<.001

Multiples, n (%)

286 (27.1)

5 ( 1.3)

<.001

Low maternal education level* n (%)

265 (25.3)

87 (21.9)

.186

Low paternal education level* n (%)

306 (30.1)

101 (26.0)

.130

Low total family income n (%)

50 ( 4.9)

11 ( 2.8)

.084

One parent family n (%)

65 ( 6.2)

8 ( 2.0)

.001

Non-Dutch mother n (%)

41 ( 3.9)

10 ( 2.5)

.206

3 ( 0.3)

0 ( 0.0)

.287

58.7 ( 1.4)

58.7 ( 1.4)

.792

Socio-economic background

Mother’s age <20yrs n (%)
Characteristics at age 5
Child’s age at completing the ASQ-60
- Mean (SD)

- Range
62
57 - 62
* Low, primary school or less and/or low-level technical and vocational training.
# Not corrected for prematurity.

Procedure

Parents received a questionnaire including the ASQ-60 (second edition) and questions on
socio-demographic background, school type and birth characteristics approximately eight
weeks before the child’s fifth birthday (first, we sent the ASQ 8-10 weeks before their
child’s fifth birthday, but because of a more rapid completion by parents than expected, we
changed the time of sending to 2-6 weeks before their birthday later in the study). The ASQ60 was translated into Dutch using the Guilléman method,16 i.e. with three independent
translations from English to Dutch and another three independent translations back from
Dutch to English. The final version was reached in a consensus discussion of an expert panel
that discussed cultural and lingual appropriateness of the final version. This panel consisted
of a preventive care pediatrician, a general pediatrician, a neonatologist and a community
physician.
Background characteristics concerned: school type (mainstream education versus
special education), special educational needs within mainstream education, socio-economic
25
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background (education level of parents, income, family situation, birth country of mother,
mother’s age at birth) and birth characteristics (gestational age, small-for-gestational age,
parity, multiple pregnancies). Categories are described in Table 1.

Analyses

First, we assessed the background characteristics of the sample and compared these
between the preterm-born and term-born group, as described in Table 1. Mean scores and
standard deviations (SDs) were calculated after weighing the sample for age at assessment
because the mean age of completing the ASQ-60 in our study was 58.7 instead of 60
months. In this way, ASQ results of the children that completed the ASQ-60 nearer to 60
months have more impact on the mean ASQ score than those farther away from the 60
months. The means, SDs and cut-off points were only calculated based on the term-born
group. The cut-off points for the domains and total score were determined at two SD below
the mean of the domain score and total score, conform the manual.7 The ‘ASQ total score
with parental concerns’ was determined when the ‘ASQ total score’ was low, or if parents
report general concerns or abnormal development compared with peers. We used a threemonths’ time frame around age 60 months, whereas the time frame of two-months’ is
frequently used.10,17 Replication of our analyses with a time frame of two months did not
affect any of our findings. We therefore present data on the three months’ window only.
Second, we assessed the psychometric properties of the ASQ-60 regarding the mean
scores, internal consistency and validity. The mean scores of the Dutch ASQ-60 were
compared with mean scores of ASQ-60 versions in the US, Norway and Korea, to assess
comparability.7,10,13 We computed t-tests, and Cohen’s effect size delta to assess the clinical
relevance of differences.7,11 The internal consistency was determined for each domain
and the total score using Cronbach’s alpha and compared with ASQ-60 versions in other
countries.7,10–13 As measure for validity, we assessed construct validity as the association
between the ‘ASQ total score’ and the variables: prematurity (<36 weeks), small-forgestational age < p10 (below the tenth percentile of the Dutch growth chart, SGA p10),
not the first pregnancy (>1 parity), male gender, low educational level of the parents, one
parent family, low age of the mother, low family income and cycle dependently (cannot yet
cycle independently or still cycles with stabilizer wheels). We also assessed the construct
validity by determining the sensitivity and specificity of the ’ASQ total score’, regarding
special education and school problems, i.e. special educational needs in mainstream
education, using Chi-Square tests(α=0.05). The relation between these variables was also
determined by two ROC curves.
Third, we compared the construct validity of two other ASQ scoring methods (‘ASQ
domain score’ and ‘ASQ total score with parental concerns’). These analyses were
performed in the same way as described for the ‘ASQ total score’ in the second paragraph
26
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of this section, except for the ROC curves which were not performed for the other two
scoring methods.

RESULTS

Background characteristics of the sample are described in Table 1. The cut-off points for
the Dutch ASQ-60 are shown in Table 2. Of the term-born children, 4.9% had a low ‘ASQ
total score’, 15.5% a low ‘ASQ domain score, and 24.2% a low ‘ASQ total score with parental
concerns’. Of all children, 9.2% had a low ‘ASQ total score’, 25.1% a low ‘ASQ domain score’,
and 33.9% a low ‘ASQ total score with parental concerns’.
Table 2: Cut-off points of the Dutch ASQ-60, percentages of low ASQ scores in the term-born group
and Cronbach’s alphas, for the Dutch, US and Korean version

Communication
Gross motor
Fine motor
Problem solving
Personal-social
ASQ total score

Dutch
cut-off

% low scores
term-borns

35.5
38.0
34.2
38.9
43.1
218.6

3.0%
3.9%
6.8%
4.4%
2.7%
4.9%

Cronbach’s α
Dutch
US
0.64
0.79
0.70
0.75
0.77
0.76
0.59
0.77
0.60
0.77
0.86

Korean
0.75
0.85
0.74
0.72
0.65

Norwegian
0.13
0.36
0.69
0.59
0.45
0.67

Regarding the psychometric properties of the ASQ-60, the mean scores and SDs for the
Dutch ASQ-60 and the versions of other countries are shown in Table 3. The Dutch means
were most similar to those of the Norwegian sample; differences with the other versions
were relatively small and clinically relevant in only one (out of 15) comparison. Findings on
the internal consistency are presented in Table 2. The Cronbach’s alpha of the ‘ASQ total
score’ was 0.86 and varied between 0.59 and 0.77 for the various domains. Omitting one
item at a time showed that the internal consistency did not increase when individual items
were left out. Cronbach’s alpha values for the Dutch ASQ-60 were mostly lower than for
the US and Korean version, except for Fine motor function. Findings on construct validity
are presented in Table 4. The results of the strengths of the associations showed that a low
‘ASQ total score’ was more likely for factors associated with prematurity or a low social
economic status. At the age of five, 46 children had school problems of which 26 followed
special education. Regarding the sensitivity/specificity, a higher sensitivity and specificity
were seen for the ‘ASQ total score’ against special education at the age of five than for
the ‘ASQ total score’ against school problems at age five. This was confirmed by the Area
Under the Curve of the continuous ‘ASQ total score’ against school problems and special
education: an area under the curve of 0.86 for school problems and an area under the
curve of 0.97 for special education.
27
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The comparison of the ASQ scoring methods showed that the strengths of the associations
were as expected for all scoring methods, but the strongest associations were found for the
‘ASQ total score’ (Table 4). Regarding construct validity, the ‘ASQ domain score’ and ‘ASQ
total score with parental concerns’ had higher sensitivity and lower specificity indices than
the ‘ASQ total score’.
Table 3: Comparison of Dutch means and standard deviations (SD) of the ASQ-60- with those of the
US, Norwegian and Korean versions.
ASQ total score with
ASQ total score
ASQ domain score
parental concerns
Strengths of associations OR (CI)
OR(CI)
OR(CI)
Premature
2.34 (1.4-3.9)**
2.19 (1.6-3.0)***
1.88 (1.4-2.4)***
Sex
3.83 (2.4-6.0)***
2.87 (2.2-3.7)***
2.10 (1.7-2.6)***
Education mother
1.37 (0.9-2.1)
1.44 (1.1-1.9)*
0.97 (0.7-1.3)
Education father
2.02 (1.4-3.0)***
1.56 (1.2-2.0)**
1.32 (1.0-1.7)*
Family income
3.15 (1.6-6.3)**
2.36 (1.4-4.1)**
1.81 (1.1-3.1)*
One parent family
1.86 (0.9-3.7)
1.20 (0.7-2.1)
1.02 (0.6-1.7)
SGA p10†
2.17 (1.4-3.5)**
1.65 (1.2-2.3)**
1.71 (1.2-2.4)**
Parity
1.17 (0.8-1.7)
1.00 (0.8-1.3)
0.90 (0.7-1.1)
Cycling Independently
4.06 (2.8-5.9)***
3.26 (2.7-4.2)***
2.37 (1.9-3.0)***
Sens/spec school (5 yr)
Sens/spec
Sens/spec
Sens/spec
School problems§
0.65 / 0.94
0.80 / 0.78
0.84 / 0.69
Special education
0.88 / 0.93
0.96 / 0.78
0.96 / 0.68
*p<0.05 **p<0.01 *** p<0.001 †Cohen’s delta >0.5.
Table 4: Odds Ratios (OR) and 95% Confidence Intervals (CI), and sensitivity (sens) /specificity (spec)
for construct validity regarding the three different scoring methods.
Dutch
US
Norwegian
Korean
N=394
N=125
N=82
N=321
Mean (SD)
Mean (SD)
Mean (SD)
Mean (SD)
Communication

51.5 (8.0)

49.9 ( 9.1)**

55.4(4.9)*** †

50.6 (10.1)

Gross motor

54.3 (8.1)

52.3 ( 9.8)***

54.9(5.7)

53.2 ( 9.6)**

Fine motor

52.4 (9.1)

51.1 (10.3)

50.5(9.9)*

52.7 ( 9.6)*

Problem solving

53.9 (7.5)

51.3 (10.6)***

52.0(9.3)***

55.1 ( 9.2)**

Personal social
55.0 (6.0)
54.1 ( 7.3)***
55.9(6.5)
54.1 ( 7.9)***
*p<0.05 **p<0.01 *** p<0.001
†SGA p10: small-for-gestational age; below the tenth percentile of the Dutch growth chart
§ special education or special educational needs in mainstream education
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DISCUSSION

Our psychometric evaluation of the ASQ-60 revealed that its internal consistency and
validity were good. Out of the three available scoring methods, the ‘ASQ total score’ had
the best psychometric performance, but the ‘ASQ domain score’ could be the most useful
if a higher sensitivity is preferred.
The differences in mean domain scores between the Dutch, US, Korean and Norwegian
versions were relatively small. Only one cross-country comparisons showed clinically
relevant differences, which confirms therefore the worldwide applicability of this
questionnaire. Differences were most outspoken with the Korean and US version, which
might be due to relatively larger cultural differences of the Netherlands with Korea and the
US, than with Norway.
Our results on internal consistency and validity confirmed the good psychometric
properties of the ASQ-60 as reported in previous studies,9,12–14,16 but now in a much larger
sample. Concerning internal consistency, the Cronbach’s alpha for the total score was
excellent but the alphas for the separate domains were less optimal and lower than the
alphas of the versions in the other countries.
One possible reason for the superiority of the total-score method is related to the
larger number of items in the total scale. Regarding the construct validity, the associations
between risk factors for developmental problems and the ‘ASQ total score’ were consistent
with previous studies with a few exceptions. The factors which had no significant association
with the ‘ASQ total score’ were generally factors for which one would not expect strong
associations with developmental problems.18
Regarding sensitivity/specificity against school problems, the ‘ASQ total score’ had an
excellent sensitivity and specificity against special education, but against school problems,
the sensitivity of the ‘ASQ total score’ was not optimal. The non-optimal sensitivity for
school problems is an important issue because detection of children with less severe
developmental problems may lead to early interventions enhancing their development,
whereas the group with severe developmental problems –with special education– is already
identified at a younger age and have interventions since this age. However, the criterion
school problems could be not specific enough regarding the domains covered by the ASQ.
E.g. dyslexia is not formally covered by the ASQ whereas its occurrences, if severe enough,
may make special education and special educational needs in mainstream education much
more likely.
The ‘ASQ total score’ outperformed the other two scoring methods regarding the
validity. Concerning the strengths of the associations of the construct validity, the ORs
of the ‘ASQ total score’ were mostly higher than those of other scorings methods. The
best sensitivity/specificity combination, regarding the construct validity, was found for
special education regarding the ‘ASQ total score’ and ‘ASQ domain score’. The sensitivity/
specificity combination for school problems regarding the ‘ASQ domain score’ was also
29
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acceptable. The ‘ASQ total score with parental concerns’ had a very low sensitivity/
specificity combination. A reason might be that some parental concerns are due to other
problems than developmental ones only (e.g. sham deafness).
Looking in more detail, the value of the three scoring methods depends on the study
population and the purpose of using the questionnaire. If aiming at early detection in the
general population, prevalence rates will generally be low. This requires a rather high
specificity (usually at least 0.9) to prevent the group of false-positives to become too
large.19 This may go at the dispense of a relatively lower sensitivity.19 Thus for detection
in a general population, the ‘ASQ total score’ should be recommended. At the other hand,
in high-risk populations, such as preterm-born children, lower specificity indices may
be acceptable, and the target will be more at higher sensitivity indices. Moreover, if the
questionnaire is only a first-step in a screening, followed by a second step that comprises
a more sophisticated, but also more expensive screening, lower specificity indices are
acceptable too. In these cases, the ‘ASQ domain score’ would probably be the best choice.
Summarizing, the ‘ASQ total score’ might be the most useful scoring method if the ASQ is
used for detection in a general population, and the ‘ASQ domain score’ might be the most
useful scoring method if the ASQ is used in a high-risk population or if it is only used as firststep in a screening process.
The best way of scoring in each setting depends not only on the method of scoring itself,
but also on the used cut-off point. We decided to use the same cut-offs in each scoring
method, but the appropriateness of different cut-offs in various contexts (e.g. clinical vs.
community-based) deserves further research.
The strengths of this study are the large study sample with a large group of children
at risk for developmental problems. Another strength is the comparison between three
types of scoring methods, because these different methods give directions in the different
applications of the ASQ. A limitation of this study is school problems as measure for
developmental problems.
The good psychometric properties of the ASQ-60 favor its use as developmental
screener in routine care. The validity might be improved by an additional judgment of
a physician or completing two ASQ sequentially at different ages.20,21 The value of such
approaches deserves further study.

Conclusion

This study confirmed the psychometric properties (internal consistency and validity) of the
ASQ for 60 months. Therefore, the use of the Dutch ASQ-60 can be recommended to screen
children for developmental problems in the population with an inexpensive, easy and fast
questionnaire. The ‘ASQ total-score’ has the best performance, but the ‘ASQ domain score’
is recommended in case of a preferred high sensitivity. Both findings strongly support the
use of the ASQ-60 as a tool to assist in early detection of developmental problems.
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