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Developmental tempo in children aged 0-5 years 
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ABSTRACT
Objective. To describe the dynamics of 
development along the early years of life among 
children living under unfavorable socioeconomic 
conditions.
Population and Methods. In 5401 children 
younger than 6 years old living in Florencio 
Varela and in the Matanza-Riachuelo River Basin 
(Matanza, Villa 21-24, Wilde, Villa Inflamable and 
Acuba), areas with a high proportion of families 
with unmet basic needs, a logistic regression 
analysis was used to estimate the median age 
at attainment of 13 psychomotor developmental 
milestones; differences between these ages and 
median age at attainment of milestones as per 
the national reference were plotted on the y-axis, 
while the median age as per the national reference 
was plotted on the x-axis.
Results. Three stages were observed: the 
first one between 0 and 270 days with 
normal development, in which the median 
age at attainment was similar to that of the 
national reference; a second one of progressive 
development delay; and a third one of recovery 
at 1260 days. Adjusted linear spline slopes were 
0.06 (not significant), -0.26 (p < 0.0001) and 0.26 
(p < 0.01) for stages 1, 2 and 3, respectively. The 
three slopes were statistically different from 
each other. The stage of normal development 
(stage 1) was attributed to the protective effect 
of the mother and the family environment; 
stage 2 of progressive delay, to the unfavorable 
impact of the environment, and stage 3 of partial 
recovery was attributed to attending a daycare 
center. These findings allow the implementation 
of effective interventions at each stage.
Conclusion. Three periods with different 
developmental tempos were identified.
Key words: psychomotor development, developmental 
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INTRODUCTION
Unfavorable  environmenta l 

conditions are associated with a delay 
in the child´s development over the 
early years of life. This is observed 
both in our country1 and worldwide.2

Y e t ,  t h e r e  i s  n o t  e n o u g h 
information on whether this effect is 
constant during the early years of life, 
produces a progressive or occasional 
delay, affects the maturing tempo (the 
speed with which the child achieves 
development milestones), is installed 
from birth or appears later in life and if 
it is reversible in the face of occasional 
changes in the environment. To 
answer these questions it would be 
necessary to carry out a longitudinal 
study; however, there is valuable 
cross-sectional information about 
child development in unfavorable 
environments at different ages, and 
with the results obtained, it is feasible 
to make an accurate description and 
develop a hypothesis.

From a Gesellian perspective,3 
child development can be studied by 
measuring the age in which children 
achieve certain milestones and compare 
it with the age for milestone achievement 
among healthy children, that is, the 
national reference (NR).4 The speed with 
which a child reaches one milestone after 
another one is called developmental 
tempo. The questions that this study 
intends to answer are the following: 
do children aged 0 to 6 years old with 
unmet basic needs and development 
delay have, during the first 6 years of 
life, the same developmental tempo or 
can periods with different tempos be 
identified? Does a developmental delay 
start at birth or at older ages? Are there, 
perhaps, periods of recovery from this 
delay?

The main objective of this paper is 
to answer these questions.
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MATERIAL AND METHODS 
Surveys and samples

The study was carried out with data obtained 
from several surveys which are detailed below in 
reference 1.

The Study on Nutrit ion,  Psychomotor 
Development and Toxicological Analysis II 
(Estudio de Nutrición, Desarrollo Psicomotor 
y Análisis Toxicológico II, ENUDPAT II) was 
conducted in 2012 with the aim of comparing 
and assessing the differences between La 
Matanza (LM), a municipality in the Matanza-
Riachuelo River Basin, and Florencio Varela 
(FV), a municipality that does not belong to 
said area. LM has 1 775 816 inhabitants and FV, 
426 005. Neighborhoods with a high prevalence 
of families with unmet basic needs (UBNs) were 
selected. Among the samples of the study, 80.3% 
of households in LM and 76.8% of FV had, at 
least, one UBN. 999 and 1181 children younger 
than 6 years old were studied, respectively.1

The other four surveys were performed on the 
total population younger than 6 years old from 
each selected shantytown:1 Wilde (698 children), 
Acuba (1037), Villa Inflamable (628) and Villa 21-
24 (958), all of them part of the Matanza-Riachuelo 
River Basin. In each survey, each household was 
visited so that objectives were clearly described and 
people were encouraged to participate; after the 
informed consent was signed, the anthropometric, 
toxicological, nutritional and childbearing survey 
was conducted and the National Screening Test 
(Prueba Nacional de Pesquisa, PRUNAPE)5 was 
implemented to detect non-apparent development 
disorders, with a high specificity and sensitivity.

In each area, qualified survey takers assessed, 
in each child, the achievement of 13 milestones, 
selected out of the total of 79 milestones available 
at the National Reference (NR), based on 3573 
healthy children from across Argentina.4

The selected milestones are described below, 
each one followed by the median age (MA) at 
attainment in days according to the NR: smiles 
responsively (33 days), searches for sound with 
the eyes (142), head steady (33), searches an 
object (226), pincer grasp (277), walks well (376), 
daytime bladder control (767), combines words 
(693), completes phrases (829), recognizes three 
colors (1209), heel-to-toe walk (1318), copies 
a cross (1340), draws a person with 6 parts 
(1534). These are the same milestones selected to 
develop positive health indicators6 and to assess 
their relationship with social and biological 
determinants of health.7

Estimate of the median age of achievement
Median (percentile 50) ages of achievement 

of each milestone that were estimated in a 
former study with logistic regression were used, 
according to the previously described method.6 
The logistic curve obtained from the equation 
y= 1/1 (1 + exp (-a – b x)) was adjusted with 
the outcome measure (response) “y” (the child 
attained or did not attained the milestone) and 
the independent outcome measure x = age. The 
median age (MA), that is to say, the age at which 
50% of children achieved the milestone (p= 0.5), 
was obtained with the following equation:

MA = -a/-b
The degree of data adjustment to the model 

was evaluated with the Hosmer-Lemeshow 
and the deviance tests.8 In all the areas and 
milestones, an adequate adjustment was found, 
except for two milestones in Acuba, which were 
not included. By having the MA at attainment 
of all the milestones in each area, the difference 
(D) between this age and the age at attainment of 
each milestone as per the NR was obtained. Then, 
a linear regression was estimated based on the 
D model = a + b x, where “D” was the difference 
between the age at attainment of each milestone 
in the children studied and in the NR; “x” was the 
MA at attainment of the milestone as per the NR; 
“b” was the regression coefficient (the slope of the 
straight line); i.e., the development trend (DT).

Differences between the MA at attainment of 
each milestone and the NR were plotted against 
the age at attainment as per the NR. Based 
on simple observations, the different ages in 
which there seemed to be trend changes were 
identified and, taking these points into account, 
adjacent milestone groups bearing a similar 
trend were analyzed separately. Three trends 
were identified: a first group in the first 270 days 
of life, another one between 270 and 1260 days 
of life, and a third one as of 1260 days onward. 
Then a multiple regression model was adjusted to 
obtain a linear piecewise model with two nodes in 
270, 1260 including the area as a control factor to 
avoid confounding effects related to the area. This 
adjustment resulted in linear segments (phases) 
on each group of milestones that spliced on 
each node and allowed to estimate the slope and 
significance of differences among the three slopes.

So as to investigate the cause of the positive 
trend of the third segment, the PRUNAPE 
test results were studied among children who 
attended or did not attend a daycare center. The 
differences in the rate of children who passed or 
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failed the PRUNAPE test depending on whether 
they attended or not a daycare center were 
assessed with the χ² test.

RESULTS
Figure 1 shows the differences between the 

MA at attainment of each milestone in the studied 
children and the corresponding one as per the 
NR, in each of the five areas evaluated. Area 
names were replaced by numbers to safeguard 
their identity.

The five areas show a similar trend: the first 
milestones differ a little from the NR; then, there 
is a descending slope indicating a progressive 
delay for the achievement of milestones up to 
a point (observed in all the areas) in which this 
trend is reverted: the last milestones (one or two) 
are invariably achieved earlier than expected 
according to the trend of the second slope. The 
trend is similar in the five areas, regardless of the 
type of milestone (language, motor functions, etc.).

Based on these results, data of the five areas 
were grouped in a single figure (Figure 2). Since 
the outcome measure “area” was not significant 
in the multiple regression analysis, an adjustment 
(linear spline regression) was done excluding this 
outcome measure from the model. This rendered 
higher statistical power and allowed to evaluate 
the existence of significant differences among 

slopes, with the five areas grouped in a single 
sample.

Results are shown in Figure 2.
Regression straight lines clearly show the 

three development stages: a first stage of normal 
development with the achievement of early 
milestones at the same age as the NR; a second 
stage, with progressive delay for milestone 
attainment (a maturing tempo slower than 
average); and a third stage with a change in the 
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Figure 2. Differences between the MA at attainment of the 
developmental milestones in each of the five areas and those 
of the NR (Ref. 5)
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Figure 1. Differences between the median ages at attainment of the developmental milestones in all five areas of the Matanza-
Riachuelo River Basin and those of the National Reference (Ref. 5)
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trend: children accelerate their maturing tempo 
and revert the trend towards delay, with partial 
recovery.

Stage 1 slope is not statistically different from 
zero; and those of stages 2 and 3 are significant, 
though the slope of stage 2 is negative and that 
of stage 3 is positive. Differences among slopes 
of the 3 consecutive segments are statistically 
significant. Coefficients are shown in Table 1.

Differences among slopes (0.32 between stage 
1 and stage 2, and 0.518 between stage 2 and 
stage 3) are statistically significant (p: 0.0019 and 
< 0.00001, respectively).

These results were compared with those 
obtained at the PRUNAPE test in several 
studies,1,9 as shown on Table 2. There is a growing 
trend regarding the proportion of children who 
fail the PRUNAPE test, up to 4 years old, when 
this trend reverts.

Table 3 reviews the relationship between the 
proportion of children who failed the PRUNAPE 
test and the attendance to kindergarten or a 
daycare center. The 0- to 2-year-old groups do 
not show remarkable differences with the trend of 
failing or passing the PRUNAPE test, but there is 
a statistically significant association in the group 
of children older than 3 years old between the 
attendance to kindergarten and a lower rate of 
failure of the PRUNAPE test.

DISCUSSION
In the present study, in all places examined, 

three stages of psychomotor development have 
been found in children up to 6 years old. There is 
a first stage of normal development attributable 
to the protection that the mother and the family 
exert over the child. Then, there is a second stage 
of progressive developmental delay, consisting in 
a slowing down of the maturing tempo. During 
this stage, there is a progressively increasing 
interval between the achievement of a milestone 
and the next one. The third stage states the 
acceleration of the developmental tempo. The 
concept of tempo is not original; it was used 
for the first time by Gesell in 194610 and later by 
Tanner,11 both with the same sense given in this 

Table 1. Regression coefficients and statistical significance 
of straight lines adjusted to the three observed stages 

Stage Estimated slope P value
1 0.058 0.50
2 -0.262 < 0.00001
3 0.256 0.009

Table 2. Prevalence of children who fail the National Screening Test by age groups

 ENUDPAT I* SAN ISIDRO**
Age range (years) N total Failed the PRUNAPE test N total Failed the PRUNAPE test
 N N (%) N N (%)
0-0.99 232 34 (14.0) 244 7 (2.9)
1.0-1.99 253 55 (21.7) 183 18 (2.7)
2.0-2.99 232 99 (21.7) 116 33 (28.4)
3.0-3.99 196 98 (51.0) 112 45 (40.2)
4.0-4.99 234 104 (44.3) 107 45 (42.1)
5.0-5.99 197 65 (33.0) 77 22 (28.6)
Total 1344 455 (33.9) 839 170 (20.3)

ENUDPAT: Study on Nutrition, Psychomotor Development and Toxicological Analysis (Estudio de Nutrición, Desarrollo 
Psicomotor y Análisis Toxicológico); PRUNAPE: National Screening Test (Prueba Nacional de Pesquisa)
* ENUDPAT I.1

** San Isidro.9

Table 3. Proportion of children who failed the National Screening Test (Comprehensive Health Assessment in Areas of Risk at 
the Shantytown,21-24 908 children aged 0 to 5 years old) depending on whether they attend or not kindergarten or a daycare 
center6

Age group Does not attend a daycare center Attends a daycare center Total
 Failed the PRUNAPE test Failed the PRUNAPE test
 Total N % Total N % 
0-2.99 años 417 110 26.4 267 56 21.7 684
3.0-5.99 años 124 63* 50.8 300 65 21.6* 424

χ² = 98,1; p < 0.00001.
PRUNAPE: National Screening Test (Prueba Nacional de Pesquisa).
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study, and it refers to the speed at which the 
child progresses towards the adult state. In the 
case of development, a slower tempo means a 
progressive delay in the sequential achievement 
of milestones with respect to the NR.

Our results can be better assessed by previous 
studies conducted with other methods. If the 
first stage really expresses a normal development 
during the first year, then the prevalence of 
delays in this age range should be low. If the 
slope of stage 2 of progressive delay is real, then 
there should be a progressive increase in delays 
between 2 and 4 years old; and, if there is really an 
ascending slope in the developmental tempo, the 
prevalence of delays should decrease in the fifth 
year of life. Table 2 accurately shows these results 
in previous studies conducted in three health 
care centers in San Isidro9 and in the Matanza-
Riachuelo River Basin, called ENUDPAT I.1 The 
PRUNAPE test was administered in both places; 
this is a screening tool with a positive predictive 
value of 94%, which makes it a reliable indirect 
indicator of developmental disorders. In Table 
2, the prevalence during the first year of life is 
low in ENUDPAT I and very low in San Isidro. 
This low prevalence is consistent with stage 1 of 
trends in Figure 2. Then, up to 4 years old, there 
is a growing proportion of children who fail the 
PRUNAPE test, which is consistent with stage 2 
in Figure 2. However, at 5.00-5.99 years old, this 
prevalence decreases and is lower than 4 years 
old in each of the cases. This may be due to the 
positive impact that attending kindergarten 
or a daycare center can have on the child´s 
development at a given age.

This latest piece of information was assessed 
by reviewing studies conducted in the same areas 
of the Matanza-Riachuelo River Basin, with the 
same children from whom results shown in Table 
3 were obtained. In this table a strong association 
is observed between attending kindergarten and 
the low rate of failure of the PRUNAPE test.

The normality in the age at attainment of 
developmental milestones in the first months of 
life can be accounted for based on the knowledge 
about the protective effect that the mother and the 
family setting has on the possible negative effects 
of the environment along these early months. In 
our country, results of the HOME test in the first 
year of life compared with that conducted by 
O´Donnell et al. in Tierra del Fuego at a later date, 
support this hypothesis.12

After the first year of life, both the mother 
and the family setting are not enough to protect 

the child from an unfavorable environment, and 
this begins to exert an increasingly strong effect 
on the child, who starts undergoing a delay. 
Structural variables associated with this delay are 
the maternal socioeconomic and educational level 
which act through already described intermediate 
variables such as poor sanitary conditions, 
lack of access to drinking water, lack of sewer 
systems, low birth weight, frequent infections 
and hospitalizations, iron deficiency anemia, 
environmental contamination or pollution, etc.1

T h e  a c c e l e r a t i o n  o f  d e v e l o p m e n t a l 
tempo after 4 years old can be attributed to 
attending kindergarten or a daycare center, 
hypothesis that should be investigated more 
thoroughly, considering its fundamental social 
and educational significance. Further studies 
should be conducted to look into social variables 
associated with attending kindergarten and to 
discriminate if it relates to attending kindergarten 
or a daycare center, whose objectives and work 
dynamics are different. Fortunately, the Early 
Education Act has been enacted in our country 
and consequently, attending kindergarten is 
compulsory from the age of 4,13 a measure that can 
have a very effective impact on the development 
of children nationwide.

It is interesting to know that there are other 
evolutionary models described in different 
developmental disorders. Longitudinal studies 
have shown that there are children exhibiting a 
delay from birth, who then keep a normal tempo, 
i.e. the interval between the age at attainment 
of one milestone and the next one is constant. 
Other models, described by Bishop et al., among 
children in the north of England, aged 3 to 5 years 
old with non-specific language impairment,14 
show an early development normality followed 
by an impairment from a certain age also 
described among children with autism.15

No similar descriptions about changes in 
development trends along the early years of 
life have been found in the literature, but the 
three stages described favor the development 
of effective interventions for each of them. To 
confirm our hypothesis about factors associated 
to these changes, it will be necessary to conduct a 
longitudinal study; in the meantime, pediatric and 
public health implications of these findings are 
very important: in the first year, family structure 
should be strengthened, and breastfeeding and 
maternal outcomes should be protected. In the 
1-4 year period, social and biological determinants 
associated with the development delay, already 
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described in detail in previous publications, 
must be counteracted,1 and, in order to favor the 
third stage, ensure that all 4-year-old children 
attend kindergarten nationwide. All of the above 
must be carried out with the surveillance of 
development from an epidemiological standpoint, 
in order to assess the findings and interventions 
described. n
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