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Stellingen

behorende bij het proefschrift van L.PA. Steenbekkers
‘Child development, design implications and accident prevention'.

Grote nauwkeurigheid van antropometrische data is wetenschappelijk gewenst,
maar in de praktijk van het ontwerpen is het noch realistisch noch absoluut

noodzakelijk.

Tijdens het ontwerpen voor veiligheid is het beter te werken met uiterste
waarden dan met percentiel-waarden.

Bij het bepalen van de doelgroep van gebruiksgoederen voor kinderen vormen
fysieke en psychomotorische kenmerken een belangrijker criterium dan

kalenderleeftijd.

Kinderen wier ontwikkeling volgens de norm verloopt, zijn beter in staat te
voorkomen dat bijna-ongevallen ongevallen worden.

Bij het vergelijken van lenigheid van kinderen, gemeten door middel van ‘reiken
in langzit’, is het, gezien de verschillen in proportionering tussen
leeftijdsgroepen, noodzakelijk te corrigeren voor afmetingen van
lichaamssegmenten.

De indruk dat technisch inzicht van meisjes reeds op twee-jarige leeftijd
gemiddeld minder ver ontwikkeld is dan dat van jongens, lijkt te duiden op
genetische verschillen in cognitieve capaciteiten tussen de geslachten.

Individualisering is een biologisch proces dat bij de conceptie aanvangt en dat
gedurende het gehele leven doorgaat en toeneemt.

‘Kinderen zijn hinderen’ gaat niet op wanneer het hun participatie in een
onderzoek betreft dat tijdens de lesuren maar buiten de klas plaatsvindt.

Zolang exactheid van meten maatstaf is voor de waardering van een wetenschap,
zullen de sociale wetenschappen als minder waardevol beschouwd worden.

De overeenkomst tussen de studies Huishoud- en consumentenwetenschappen
aan de Landbouwuniversiteit Wageningen en Industrieel Ontwerpen aan de
Technische Universiteit Delft is groot: beide opleidingen worden laag
gewaardeerd binnen de respectieve universitaire gemeenschappen, maar hoger
daarbuiten.

Het formaat van de Nederlandse dagbladen is on-ergonomisch.

Delft, 30 augustus 1993.
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Introduction

Daily-life products are used regularly and even almost continuously. Modern living means
interacting intensively with many, varied, man-made utilities. The handling of durable
products is expected to be influenced by both anthropometric and psychomotor variables of
the user. These characteristics develop during childhood. This implies that the handling of
products during this period of time will probably not always be optimal, because a child may
use them for other purposes (using a toy as a step) or in ways other than intended (holding a
hammer by the head instead of the handle). This may result in dangerous situations. The
user might, however, be unaware of this danger, because this aspect has to be foreseen and
learned. Learning to use products in a safe way is another long-lasting process, which is
determined by many factors.

The fact that the interaction between children and products does not always occur in the
right way and can even be dangerous is illustrated by the large number of accidents among
children involving durable and non-durable products (PoRs, 1990). These accidents occur
for various reasons but might be attributable to the user and/or the product.

To gain more insight into this matter, the descriptions provided by parents of accidents
involving their children and daily-life products were analysed in a pilot study (Steenbekkers,
1989a). Furthermore, a second goal of that study, namely to gain insight into the body
dimensions of young children, was achieved by taking anthropometric measurements of
children between o and §.5 years of age in one province of the Netherlands (Steenbekkers,
1989b). The results of that study have been used in the present study to complete the age
range studied (2 to 13 years) towards zero. A conclusion of the pilot study was that, on the
one hand, not only physical characteristics but also (the development of) temperamental
and psychomotor variables seem to play a part in the occurrence of accidents. On the other
hand accidents also appeared to have happened because the products involved were not or
were insufficiently adapted to the characteristics and capacities of the individual user.

Some characteristics which, according to the parents, were involved in the occurrence of
accidents were: motor skills, physical flexibility and temperament of the child. Less clear
from the accident descriptions but presumably of influence on the interaction with products
is the role of technical comprehension. Data on these characteristics, as well as body dimen-
sions and exertion of force might enable designers to create better adapted or better
adjustable products or material environments for children. These safer products and
environments might in the future contribute to the prevention of accidents among children.

Data on some of the above-mentioned characteristics have already been collected in several
studies on growth and/or physical fitness, but they refer only partly to the target group of
this study: children between 2 and 13 years of age living in the Netherlands.

Some of these studies are already several years old, which implies that the results might be
less suitable because of the existence of a secular trend in growth of the body. Other studies
refer to measurements of only a regional sample of the Dutch population or stem from other
countries.
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The Third National Growth Study of 1980 (Roede and van Wieringen, 1985) is an example
of a Dutch nationwide study which, unfortunately for our research project, included only a
limited number of anthropometric variables. Because the measurements were taken more
than a decade ago, the results are no longer up-to-date. (The fourth study is now being
prepared).

The same can be said of the mixed-longitudinal, interdisciplinary study on growth and
development performed in the Dutch city of Nymegen (Prahl-Andersen et al., 1979).

A disadvantage of this study is that the population sample was regional. In this study, besides
many other variables, the development of several physical characteristics of children from
four to fourteen years of age was evaluated.

Gerver (1988) measured a number of body segments of children in the age range between

6 weeks and 19 years to determine body proportions for use in clinical practice. Unfortu-
nately, the data refer to children living in only one municipality in the Netherlands.

Kemper et al. (1985) studied the growth, health and fitness of teenagers in a longitudinal
study. Here, too, the sample was regional, consisting of children between 12 and 18 years of
age from the region of Amsterdam.

A more recent Spanish study, to some extent comparable to the former, was performed by
Carrié i Soldevila (1990). In this study the variables consisted of a number of anthropometric
measurements and the results of physical aptitude tests. The children, between 4 and 14 years
of age, came from an industrial part of the city of Barcelona.

Another study is the Hungarian National Growth Study of the 1980’s (Eiben et al., 1991) in
which the biological developmental status and physical fitness of 3 to 18-year-olds were
assessed.

The studies mentioned above provide data that are not, or only partly, suitable for use by
designers of products and cannot be used to reach the goals of this project.

To acquire data on physical and psychomotor characteristics of children which are suitable
for use by designers of daily-life products, this study was set up. A second reason was to gain
more insight into the relationships between different variables and their pattern of develop-
ment. An attempt was also made to determine whether differences in characteristics exist
between children who often have accidents and those who do not.

In chapter 2 the aim of this study is further elaborated. In chapter 3 the sampling procedure
as well as the final sample of children between 2 and 13 years of age is described. The aim was
to collect a sample representative of the socioeconomic characteristics of the adult popula-
tion and the number of children per province, separated according to the degree of urbani-
sation.

The variables to be measured and the hypotheses to be tested are presented in chapter 4.

Six groups of variables were chosen. The first group consisted of temperamental characteris-
tics, which might influence the occurrence of accidents. Temperament was assessed by means
of a questionnaire for both parents and the teachers of the children. This questionnaire also
included a question about the accident liability of the child. The second group of variables
consisted of 40 body measurements, which give some insight into the dimensions of
segments of the body and changes in body proportions over the course of time. The third
group consisted of forces exerted by the fingers or the hand; this might be useful when
designing, for example, child-proof packaging. Another group of variables represented
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aspects of motor performance. Lack of motor skills often appeared in the accident descrip-
tions as the presumed reason for the occurrence of accidents. These motor skills are partly
related to the next group of variables which measure physical flexibility. The sixth group of
variables measured insight into some commonly used compatibility rules. This was included
because handling products in a safe way requires insight into how products work or have to
be controlled.

The exact methods of measurement used and the results of the measurements are described
for each group of variables in chapters 5 to 10. Relationships between and within the groups
of variables and a pattern of development are given in chapter 1. Differences in physical and
psychomotor characteristics between children who were judged liable to have accidents and
those who were not are described in chapter 12. The concept of accident liability is also
discussed in this chapter and compared with that of accident proneness. In the next chapter,
various hypotheses are tested. Some implications of the results of this study for the design
and safety of products are given in chapter 14. In the last chapter the results and conclusions
of the study are presented. Some suggestions for further study are given as well.
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Object and aim of the study

Growth, the increase in size of the whole body or parts of the body, and development,
functional changes in and refinement of different systems of the body in children, have
always fascinated scientists. Many studies have been published in this field. Often these
studies focus on 'single’ aspects of development such as cognitive, specific social, somatic or
motor development. Each of these aspects of development is still broad and interesting
enough to be a separate object of study. The interrelationships berween these fields area
different matter. The way in which these variables influence each other or co-variate and
their mutual relationships are still only partly known.

The aim of this project was to describe the development of some physical and psychomotor
variables as well as temperamental characteristics of children, living in the Netherlands, and
to investigate the possible interrelationships between these variables.

The choice of the groups of variables to be measured was based on two aspects:
1. a possible relationship with accident liability,

2. suitability for use in the design process.

These two criteria will be explained below.

Accident liability, operationally defined as a frequency estimate during a certain period of
time of the occurrence of accidents, will be related to physical characteristics and tempera-
mental features in order to test for the presence of a relationship.

It should be stressed that accident-proneness, as an assumed personality trait, is not the same
as accident liability. The concept of accident-proneness, an (innate) personal predisposition
or destiny to have accidents, has been a subject of discussion for many years (Shaw and
Sichel, 1971; Hale and Glendon, 1987). The relationship between accidents and personality
has, however, not yet been proven and a reasonable doubt exists about the validity of this
concept.

In contrast, accident liability is based on a direct frequency count of more or less serious
accidents which have occurred in a given period of time; this count need not necessarily
involve analysis of the causes and nature of the accidents. This frequency can be compared
with the frequency of accidents among age peers to define the relative liability to have acci-
dents. This approach is used in this project.

It is expected that physical, psychomotor and temperamental variables —within normal
ranges— might influence the occurrence of accidents. Especially the development of these
variables, and thus changes in these characteristics within a certain period of time, may
partly explain these unfortunate happenings.

A change in body proportions might, for instance, result in changes in both muscle function
and patterns of movement. The child has to learn to cope with these changes. During this
learning period movements might be less fluid and coordinated, resulting in accidents due
to, for example, stumbling. A somewhat retarded motor development might have a similar
influence. Accidents with certain types of equipment or apparatus might occur due to a lack
of skill and/or insight into the way in which this equipment has to be used and controlled.
Another possible relationship is the influence of physical flexibility on the occurrence of
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accidents. On the one hand, the possibility exists that accidents are due to less fluid move-
ments as a result of diminished flexibility; on the other hand, a child may be able to reach
farther and therefore put itself in dangerous situations. Other behavioural characteristics,
and especially temperament, are also presumed to have an influence on the occurrence of
accidents. A balanced development of all variables will presumably have a preventive effect
on the occurrence of accidents.

Two observations contributed to the fact that the choices of the variables to be measured

were determined by their suitability for use in the process of the design of daily-life products:

1. daily-life products are very often either involved in the occurrence of accidents or the
cause of injuries and

2. data on (physical aspects of) user-product interactions are needed when designing
products in order to adapt them to the possibilities and capacities of the human body.
Such a design will contribute to the comfort and safety of the user.

In general, a study on growth and development requires longitudinal data. If, however, the
results of such a study have to be used in relation to user-product interaction, cross-sectional
data will meet the needs of (future) users of the data, since an actual databank on this popu-
lation is needed. A designer of products for children needs to know several age-related
physical and psychomotor characteristics. Moreover, the time and costs of a longitudinal
study are prohibitive for most research organisations.

The target group of this study consisted of normal, healthy children, living in the Nether-

lands, between 2 and 13 years of age. This age group was chosen because these children are

often the victims of accidents and little data on their physical and psychomotor characte-

ristics are available. Younger children also have many accidents, but they were not the subject

of study here. The reasons for this choice were:

1. it would be impossible to use identical measurement methods for these children and the
older ones;

2. the causality of accidents involving this age group is less clear.

Nevertheless in a prior study anthropometric data on a large (n = 633) regional sample of
children from o to 5.5 years of age were collected (Steenbekkers, 1989b). This unique data
collection may in some respects complete insights pertaining to the lower part of the

developmental range gained in the present study and can also be used for product design.

The questions of the present study were:

- How do certain physical, psychomotor and temperamental variables develop in the period
of life between the second and thirteenth birthdays in children in the Netherlands?

. What relationships exist between the different groups of variables?

- Does a relationship exist between (development of) the above-mentioned groups of
variables and the liability to have accidents?

The aims of the project were:

- To generate normative data on the development of the above-mentioned groups of
variables, based on empirical assessments.

- To describe and test hypotheses on mutual relationships between these groups of variables
as well as their relationship with accident liability.

- To provide suggestions for design and evaluation criteria that will lead to safer daily-life
products for children.
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Sampling procedure

A prerequisite of this project was to obtain a representative sample of healthy children, living
in the Netherlands (both autochthones and allochthones), in the age range 2 to 13 years. The
sample had to be as representative as possible with respect to sex, urbanization, socio-
economic variables and the number of children in each of the regions of the Netherlands,
because these variables are of influence on growth of the body (Roede and van Wieringen,
1985) and because geographical variance in the other groups of variables has not been
demonstrated but is feasible.
The required precision of an estimate of a population parameter determines the sample size.
Whenever precision is increased by a factor ¢, sample size is increased by a factor c2.
A mathematical basis for sample size is, however, vague and various approaches are used.
Sample size can be determined by using the confidence intervals for different statistics as
starting-point, e.g. those for mean and standard deviation. Our idea was to have a sufficient
number per age group to ensure an acceptable degree of empirical certainty.
In particular an estimation of the sample mean for the stature of 12.5-year-old boys (the
group with the largest standard deviation for stature) should lie within the 95%-confidence
interval of the mean % 1.5 cm to obtain a useful estimation of the population mean. The
formula to determine the accompanying sample size is (Churchill, 1983):
z? where z =1.96 (cccentricity value of Gaussian distribution)
n=—0? .
h? h =15 (half precision)
6 =7.4 (population G for 12.5-year-old boys according to
Roede and Van Wieringen, 1985)

This formula leads to a sample size of 93.5, rounded off to 100. Consequently the anthropo-
metric sample should consist, for reasons of valid generalization, of 100 children per age
group and sex, spread over the 12 provinces of the Netherlands. For reasons of time and
costs, the psychomotor sample was restricted to 20 of each of the 100 children per age group.

For this purpose the country was divided into 4 regions, each consisting of 3 provinces.
These were:

North: Groningen, Friesland, Drenthe;

East:  Overijssel, Flevoland, Gelderland;

West:  Noord-Holland, Zuid-Holland, Utrecht;

South: Zeeland, Noord-Brabant, Limburg.

The degree of urbanization in each of the 4 regions was established as well as the number of
inhabitants and the distribution of ages of children, using data from the Central Bureau of
Statistics (cBs) (1987). Subsequent calculations yielded the proportions per 100 children per
region according to the population: 10:20: 45 : 25.
In order to be able to determine the distribution of these children per region among the
different degrees of urbanization, the urbanization per region was assessed. For this purpose
the municipalities were divided into three groups:

a: < 20,000 inhabitants;

b: 20,000 — 50,000 inhabitants;

¢ > 50,000 inhabitants.
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Table 3-1:

magnitude of municipalities [inhabitants]
< 20,000 20,000 - 50,000 > 50,000

@ (b) (©
North 43.1% 32.2% 247 %
East 21.8% 39.1% 39.2%
West 26.4 % 18.6 % 55.0 %
South 47.0 % 31.6% 213 %
Netherlands 32.5% 253 % 42.2%

Percentage of inhabitants per region living in municipalities of different magnitudes.

The next step was to determine the most prevalent degree of urbanization per province. A
municipality that best met the provincial characteristics of degree of urbanization and com-
position of the occupations of the inhabitants (being one of the socioeconomic variables)
was chosen to participate in the project, with the condition that all 3 degrees of urbanization
were represented per region. The municipality chosen was presumed to be representative of
the region.

Before asking schools to participate, permission was requested from the Ministry of Welfare,
Public Health and Culture, i.e. the Department of Youth Health Care, and the Ministry of
Education and Science (Chief-Inspector of Primary Schools). The Primary Schools
Inspectors of the districts in which the chosen municipalities were situated gave the names of
one or more schools that could be contacted. The number of schools needed to obtain the
required number of children was determined by the inspectors on practical grounds as well
as their knowledge of a specific school, relative to the conditions of our project. The total
number of schools contacted was 31, 29 of which participated in this nationwide project.

The contacts for the Health Centres for Infants and Toddlers extended from the Provincial
Health Office via District Offices to Local Health Centres. Only one municipality per
region was chosen (the one representing the degree of urbanization applicable for most of
the children in that region), with the condition that all degrees of urbanization were present
in the sample. The reason for this approach was the fact that the number of children per
centre would be too small if the total number was spread out over all municipalities and that
consequently the stress per centre would be disproportionate. Per municipality the number
of participating centres, which varied between 1 and 3, was determined by the contact
person at the District Office on the basis of the required number of children. Altogether
seven centres took part in the study.

Table 3-2 shows the number of participating schools and health centres per municipality.
The code for the magnitude of the municipality is given in parentheses.

All children in school (n = 7030) received a letter for their parents, containing information
about the project. The parents were asked to permit their children to participate in the
project and to complete the questionnaire on temperament (chapter 5). The children had to
bring the written consent and the completed questionnaire back to school. The number of
questionnaires returned was 4842 (68.9%). The composition of the non-response group is
not known; this is also true for the reasons, besides loss or neglect, why these parents refused
to allow their child to participate in the project.
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Table 3-2:

number of

number of

region  province municipality schools health centres
North Drenthe Beilen () 2 1
Friesland Heerenveen  (b) 1
Groningen Groningen (o) 1
East Gelderland  Silvolde () 1
Flevoland Dronten (b) 2 1
Overijssel Zwolle (© 2
West Utrecht Breukelen (a) 2
N.-Holland Beverwijk (b) 3
Z.-Holland  Dordrecht (© 5 3
Z.-Holland  Delft (© 1
South Zeeland Borsele (a) 5 1
Limburg Venray (b) 3
N-Brabant Oss (© 2

Number of participating schools and health centres in the municipalities chosen, per region and
province. (a, b, and c refer to the magnitude of the municipality (table 3-1)).

The 4842 children, who were allowed to participate, were separated according to age and sex.
Per age group and sex a predetermined number of children was chosen at random. These
children were selected for in the anthropometric measurements. The age range for the
groups in this sample was 12 months up to the age of 9 years, and 6 months for those from 9
to 13 years of age. The reason for this shorter age span was the fact that the puberal growth
spurt is likely to start during this phase. The differentiation in dimensions of the body, also
between boys and girls, will be larger; therefore the number of subjects had to be larger in
order to obtain an acceptable measurement error. For all analyses, however, the children were
again grouped according to year.

Of the children in the anthropometric sample, a random sample per age group and sex (1 out
of 4 or §) was chosen to participate in the psychomotor part of the project. This part con-
sisted of the measurement of force exertion, motor performance, flexibility and technical
comprehension. For this part of the study the age range was 12 months for 8-year-olds and
older. Children between 2 and 7 years of age were divided into 6-month groups, because
motor development is likely to be most prominent during this earlier phase of life. The
teachers of all children in the psychomotor sample completed a questionnaire on the tempe-
rament of these children.

A number of children who, according to parents and/or teachers, were liable to have
accidents were included in this part of the study if they were not part of the regular sample.
Whenever time permitted, more children were assessed. The total number of children added
to the regular sample was 117. In order to ensure that various aspects of the development of
children were described without possible interference of this over-sampling, their data were
only included in analyses concerning accident liability.

For children aged 2 to 4 years, contacted via the Health Centres for Infants and Toddlers,
the procedure was somewhat different. Due to privacy regulations we were not allowed to
draw a random sample from the list of registered children. Therefore, the employees at the
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