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European foreword 
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Introduction 

This CEN Technical Report presents the results of a European Study on “Children's mouthing behaviour 
in contact with toys”. The objective of the study was the measurement and quantification of the 
duration and frequency that children under 36 months introduce toys into their mouths spontaneously. 

It presents information about the literature review focused on children's mouthing behaviour, including 
commonly used methodologies in addition to a review of significant results from previous research. It 
also includes the design of the research; methodology; data on the children and toy sample; complete 
results obtained in the frequency and duration that children mouthed toys and estimated data on the 
time children under 36 months spend mouthing toys each day. 

Up to now, the study was the one with the largest sample (245 children and a total number of 1 680 
observations) and the only one to be carried out in three different European countries (Germany, 
France and Spain). It was also the study with the highest representation of specific toys (54 different 
products) for children up to 36 months. 

In addition to the results on the mouthing behaviour with regard to toys, Annex B contains information 
concerning children's mouthing behaviour in contact with childcare articles. This informative annex is, 
however, just a first approach, and of limited value. 

Clause 7 of this CEN Technical Report contains a more detailed summary of the results of the European 
Study on “Children's mouthing behaviour in contact with toys”. 
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1 Scope 

This Technical Report presents the results of a European Study on “Children's mouthing behaviour in 
contact with toys”. It provides statistical data on the duration and frequency that children under 
36 months introduce toys into their mouths and estimated data on the time children under 36 months 
spend mouthing toys each day. 

Furthermore, it provides information on: 

— the literature focused on children's mouthing behaviour, including commonly used methodologies 
and significant results; 

— the design and methodology of the study; 

— the data on the children and toy sample; 

— the forms used in data collection. 

2 Literature review 

2.1 General 

Mouthing is an important component in childhood development. In early development, sucking 
provides essential nutrients in the form of breast or bottle-feeding, as well as a feeling of well-being and 
a sense of security (Juberg et al., 2001 [1]). If infants are not allowed unrestricted breast-feeding, they 
will suck on a dummy, thumb (or other fingers), blanket, or toy (Groot et al., 1998 [2]). As children 
develop, mouthing behaviour, in combination with looking and touching, allows children to explore and 
investigate their environment. Mouthing behaviour develops into an exploratory behaviour in which 
objects are placed into the mouth for a few seconds for purposes of discovery. During this stage of 
development, children will put their hands, and any object that they come in contact with, into their 
mouths (Ruff, 1984 [3]; Ruff and Dubiner, 1987 [4]; Davis et al., 1995 [5]; Groot et al., 1998 [2]: Tulve et 
al., 2002 [6]). 

In the field of psychology, Freud named the stage between birth and 2 years of age the 'oral stage'. This 
first stage of development is characterized by the physical aspects of sucking, encompassed by the 
mouth, tongue and lips. During the oral stage, it is common for children to have a persistent tendency to 
put whatever falls into their hands into their mouths. It is the means by which they express their need 
to experience the world through their mouths. The pleasurable activity of sucking, biting and chewing, 
means the child starts to recognize objects and distinguish them as separate from himself. When a baby 
puts something in his mouth, he bites it with his gums, sucks it and moves it with his tongue. It is the 
first form of learning that children experience, as they begin to recognize textures, temperatures and 
forms through mouthing. Furthermore, it benefits verbalization processes, chewing and teething. 

Teething is another reason that children will mouth fingers and objects. At this stage of development, 
mouthing alleviates the pain and discomfort associated with teething (Groot et al., 1998 [2]). Teething 
usually begins at 6 months to 8 months, but may start several months earlier or later. Teething 
continues in babies until approximately the age of 3. 

The first teeth to appear are usually the two bottom front teeth, also known as the lower front incisors. 
Between 4 weeks to 8 weeks later, they are followed by the four upper front teeth. About a month later, 
the lower lateral incisors appear. Next come the first molars, and then finally the canines. Most children 
have their 20 milk teeth (which are the first teeth to appear) when they reach three years of age. The 
commencement of teething is the most important stage in babies' mouthing. 

Young children's urge to suck and mouth is a natural developmental phase. Sucking may be divided into 
two distinct behavioural types: nutritive and non-nutritive sucking (Turgeon-O'Brien et al., 1995 [7]). 
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Nutritive sucking is the instinctive need to feed. Non-nutritive sucking (e.g. sucking on a 
dummy/soother) is thought to be adopted by infants as a response to frustration, or as a need for 
contact, or as a part of the child's psychological development in exploring the world around them 
through touching and tasting objects with the mouth and tongue (Norris and Smith, 2002 [8]). 

Research on the mouthing behaviour of children has usually concentrated on the psychological 
development of the act, being concerned with the cause and motivation behind mouthing. There is, 
however, a child safety issue concerned with the safety of the items being placed into the mouths of 
young children. Some products, such as dummies, teething rings and bottle teats, are intended to be 
placed into the mouth. Unfortunately, products not intended for mouthing invariably end up in 
children's mouths, as this is how young children explore their world. Obviously, child safety is of 
paramount concern, and so products shall be as safe as possible, whether they are handled or placed 
into the mouth (Smith and Norris, 2003 [9]). 

This is the reason why there is an increasing focus on children in exposure and risk assessments, as 
they are more sensitive to environmental contaminants than adults (Silvers et al., 1994 [10]). All items 
that are placed into a child's mouth have the potential to be a mechanical hazard. The most obvious 
hazards are choking or suffocation, although there is a risk of any item becoming stuck in the mouth and 
the resultant trauma may be serious. There is also the risk of foreign body incidents where a child 
swallows an item, which may then cause harm to internal systems of the body (Norris and Smith, 2002 
[8]). 

Because of their mouthing behaviour, children have a higher potential for exposure to available 
chemicals through the non-dietary ingestion route; thus, frequency of hand-to-mouth activity is an 
important variable for exposure assessments. Such data are limited and difficult to collect. Few 
published studies report such information, and the studies that have been conducted used different 
data collection approaches: e.g. videography vs. real-time observation, data analysis and reporting 
methods, ages of children, locations (indoor vs. outdoor), and even definitions of “mouthing” (Xue et al. 
2007 [11]). 

As children in all geographic regions spend most of their time indoors, at home, Silvers et al. (1994) [10] 
indicated that risk assessments should focus on indoor, on-site hazards. The same conclusion was made 
by Xue et al. (2007) [11], as was seen in the review of previous research. The present study is consistent 
with these conclusions: observing interaction with a sample of toys in the home environment (indoor 
parental observation). Furthermore, Hubal et al. (2000) [12] defined the general principles for studying 
children's exposure. In their review of factors in the Children's Exposure Assessment, they indicated 
that exposure assessments are developed to represent real-life situations. 

Toxic chemicals can be transferred from contaminated surfaces or soil to the hand and then ingested via 
hand-to-mouth activity. Detailed information on children's mouthing activities helps researchers assess 
children's exposure to toxicants via the non-dietary ingestion route. Thus the frequency of hand-to-
mouth behaviour is an important variable for children because, as part of their natural development, 
children mouth their fingers and other objects (Hubal et al. 2000 [12]). 

2.2 Methodological review on children’s mouthing behaviour 

Generally, children's mouthing behaviour is studied using both direct observation and video recording 
methodologies (Zartarian et al., 1996 [13]; Reed et al., 1999 [14]; Freeman et al., 2001 [15]; Ferguson et 
al., 2005 [16]). Data analyses from these studies are reported as either a frequency of contact (i.e. 
contacts/duration) or as an exposure period (i.e. minutes). Xue et al. (2007) [11] studied the frequency 
of hand-to-mouth contact; this research will also analyse hand-to-mouth duration data. 

The general formula for estimating non-dietary ingestion of chemical residue via hand-to-mouth 
contact involves the product of hand residue or soil loading (µg/cm2 or µg/g), hand-to-mouth frequency 
(contacts/h), hand surface mouthed per mouthing event (cm2) and exposure duration (h/ day) (Norris 
and Smith, 2002 [8]) 
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The statistical formula used by Norris and Smith (2002) [8], in which the estimated daily mouthing time 
is extrapolated from the mouthing behaviour recorded over the observation time, is calculated as 
follows: 

= ⋅omt
edmt tamp

tto

t
t t

t
 (1) 

where 
tedmt estimated daily mouthing time; 

tomt observed mouthing time (amount of mouthing time recorded for each child); 

ttto total time observed (time available over the whole day for the child to mouth); 

ttamd time available to mouth per day. 

Norris and Smith [8] calculated the average time spent mouthing per hour, multiplied by the total 
number of hours each day that each child has available to mouth; i.e. the number of hours they are 
awake during the day but not eating, or the number of hours they are awake and in contact with a toy 
(play time). This is based on the assumption that children are likely to mouth at the same rate 
throughout the day. They performed a Krustal-Wallis test, which showed no significant differences in 
observed mouthing between the different times of the day when children were observed. 

Children's hand-to-mouth behaviour is difficult to measure for several reasons. Some of these reasons 
include the following: children's contact with surfaces and objects are frequent and intermittent; 
observational studies are labour-intensive for data collection and data analysis; and data analysis can 
be subjective. Interpretation of the results is also difficult. Some researchers express mouthing 
behaviour in terms of frequency of occurrence, others express mouthing behaviour as an exposure 
period (Xue et al., 2007 [11]). 

Table 1 summarizes previous literature, focused on the types of activity collected by the various authors 
and the methodology used in their research, in order to have a complete picture of the methodological 
approaches used in the study of children's mouthing behaviour. 

Table 1 — Summary of previous literature 

Reference Age 
Range 

Number of 
children 

Location of 
study 

Activity collected Method employed 
collection 

AuYeung, 
W. et al. 
(2004) [17] 

1 year to 
6 years 

38 California Detailed information on 
children’s mouthing 
activities. 

Videotaping for 2 h per 
child during natural 
play time. 

Norris and 
Smith 
(2002) [8] 

1 month 
to 5 years 

236 London, 
United 
Kingdom 

Duration of each mouthing 
behaviour. 
What types of items were 
mouthed. 
The type of mouthing 
behaviour for each item 
mouthed. 
What was mouthed and in 
which room of the house. 

5 h of observation in 
periods of 15 min 

Black et al. 
(2004) [18] 

7 months 
to 
53 months 

52 Texas Hand-to-mouth 
Object-to-mouth 
Food-handling 

Questionnaires to 
parents. Videotaping 
children for 4 h using a 
hand-held camcorder. 
Children were followed 
through the house and 
yard. 
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Reference Age 
Range 

Number of 
children 

Location of 
study 

Activity collected Method employed 
collection 

Ferguson et 
al. (2005) 
[16] 

1 year to 
12 years 

83 
(4 studies: 
4–23–20–

36) 

Salinas 
Valley 
Menlo Park 
and Palo 
Alto, 
California 

MLATS, describing 
intermittent dermal (i.e. a 
second-by-second account 
of contact with surfaces 
and objects) and non-
dietary ingestion contact 
behaviour. 

Videotaping human 
activity to assess 
exposure. 4 h/day to 
8 h/day (sample 4 
children) 2 h (sample 
36 children) 2 h 
(sample 20 children) 

Freeman 
(2000, 
2001) [19] 

3 years to 
12 years 

19 Minnesota Mouthing behaviour Videotaping 
observations 

Groot et al. 
(1998) [2] 

3 months 
to 
36 months 

42 The 
Netherlands 

Mouthing duration Parental Observation 
2,5 h/day of 15 min 
periods 

Juberg et al. 
(2001) [1] 

0 months 
to 
36 months 

168 Western 
New York 

Mouthing duration, 
mouthing behaviour 

Parental Observation; 
1 day; standard diary 
form 

Madden et 
al. (1980) 
[20] 

23 months 
to 
33 months 

3 Urban 
Maryland 

Mouth-to-body, mouth-to-
object 

Trained observers 3 h 
to 6 h of observation; 
recorded mouthing 
activity; given a score 
based on frequency 

Reed et al. 
(1999) [14] 

2 years to 
6 years 

30 Urban New 
Jersey 

Hand-to-clothing, hand-to-
dirt, hand-to-hand, hand-
to-mouth, hand-to-object, 
hand-to-other items 
(paper, grass, pets), hand-
to-smooth/textured 
surfaces, object-to-mouth 

Videotaping waking 
hours: approximately 1 
day of tape per child; 
activities were 
quantified from 5-min 
periods and added up to 
give hourly frequency 
counts 

Ruff (1984) 
[3] 

6 months 
to 
12 months 

60 Undisclosed 
suburban 
location 

Evaluation of exploratory 
behaviour 

Videotaping play with 
specified objects; 
trained observer, timed 
interactive events 

Ruff and 
Dubinier 
(1987) [4] 

9 months 
to 
12 months 

29 Undisclosed 
suburban 
location 

Evaluation of young 
children’s ability to 
manipulate objects and 
their associated behaviour 

Videotaping play with 
specified objects; 
trained observer, timed 
interactive events 

KO et al. 
(2006) [21] 

1 year to 
5 years 

37 Chicago Children’s touching and 
mouthing behaviour 
during outdoor play. 
Frequency, not amount of 
time. 

Video observation. 2 h 
of video recording 

Tulve et al. 
(2002) [6] 

10 months 
to 
60 months 

90 Seattle Describe and quantify the 
distribution of soil 
ingestion values. 

Observational study in 
home environment by 
trained observers 
5 min to 60 min per day 
for 1 day to 6 days, 
depending on 
scheduling, cooperation 
etc. 

Xue, J. et al. 
(2007) [11] 

review review review review Literature review. 
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Reference Age 
Range 

Number of 
children 

Location of 
study 

Activity collected Method employed 
collection 

Zartarian et 
al. (1998) 
[22] 

29 months 
to 
50 months 

4 Salinas 
Valley, CA 

Left and right hand contact 
frequency and duration for 
numerous categories of 
objects 

Videotape of waking 
hours: approximately 
1 day of tape per child; 
computerised 
translation software 

NOTE SOURCE: Update of Tulve et al. (2002) [6]. 

2.3 Main results on the duration and frequency of children’s mouthing behaviour in 
previous literature 

2.3.1 General 

There is more literature on the time and frequency of hand-to-mouth behaviour than on object–to-
mouth behaviour. Furthermore, there is great uniformity in the conclusions that instances of indoor 
mouthing behaviour are always higher than outdoor mouthing behaviour. Xue et al. (2007) [11] 
indicated that the variation between indoor and outdoor behaviour is 60 %.  

In their review of previous research, Xue et al. (2007) [11] indicated that average indoor hand-to-mouth 
behaviour ranged from 6,7 contacts/hour to 28,0 contacts/hour, with the lowest value corresponding to 
the 6 to < 11 year olds and the highest value corresponding to the 3 to < 6 month olds. Average outdoor 
hand-to-mouth frequency ranged from 2,9 contacts/hour to 14,5 contacts/hour, with the lowest values 
corresponding to the 6 to < 11 year olds and the highest values corresponding to the 6 to < 12 month 
olds. However, the authors stated that the analysis highlighted the need for additional hand-to-mouth 
data for the < 3 months, 3 to < 6 months, and 3 to 6 year age groups. 

The results of the meta-analysis carried out by Xue et al. (2007) [11] and Tulve et al. (2002) [6] indicate 
that age and location are important for hand-to-mouth frequency, but type of study and gender are not. 
As age increases, both indoor and outdoor hand-to-mouth frequencies decrease. All research concludes 
that mouthing behaviour is significantly greater indoors than outdoors. The frequency and duration of 
hand-to-mouth, object-to-mouth and food-handling behaviours were all greater indoors than outdoors. 

Another widely accepted coincident result is the clear trend that mouthing duration decreases as age 
increases. This is consistent with patterns of child development, which show a peak period for 
mouthing activity that is positively correlated with teething and negatively correlated with increased 
mobility (Juberg el al. 2001 [1], Groot et al. 1998 [2], Xue et al. 2007 [11], Norris and Smith, 2002 [8]). 

One more accepted premise is that no significant differences in mouthing times were found between the 
sexes, and no significant difference was found for mouthing times at different times of the day (Xue et 
al. 2007 [11], Norris and Smith, 2002 [8]). 

For this study, results that focused on object-to-mouth contact and the surface area of the objects 
mouthed are of primary interest, with a specific focus on toy-to-mouth contact. However, the majority 
of results obtained from previous literature featured data on objects in general (sometimes including 
toys, but not always). 

The results of research indicate that children's mouthing behaviour depends on age and the items 
mouthed (e.g. teethers, dummies, toys, etc.). Dummies clearly dominated as the single item most 
frequently mouthed by children of all ages (Juberg et al., 2001 [1], Norris and Smith, 2002 [8]). 

All studies demonstrated that children mouth many items other than dummies, teethers, and toys 
expected to be mouthed (i.e. those products specifically designed for mouthing). A huge variety of items 
are mouthed, particularly by children under 1 year, due to teething and using mouthing as a method of 
exploring their environment. The variety of objects mouthed indicates that young children have access 
to a wide range of non-toy objects, some of which could pose an immediate hazard to them. 
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Nevertheless, this study will focus exclusively on results concerning toys and mouthing behaviour in 
children under 3 years. 
2.3.2 Daily time available to mouth not spent sleeping or eating 

Around 9 h to 10 h is the average time each day not spent eating or sleeping, as obtained in the Norris 
and Smith research (2002) [8]. This is the time during a typical day that a child would have available to 
spend mouthing, that is, the time spent neither sleeping nor eating. 

Table 2 — Mean, maximum and minimum times available to mouth not spent sleeping or eating 

Age group Mean 
(Hours:Minutes) 

Minimum 
(Hours:Minutes) 

Maximum 
(Hours:Minutes) 

1 month to 3 months 8:22 3:51 13:30 

3 months to 6 months 9:09 6:20 12:48 

6 months to 9 months 9:21 7:10 11:50 

9 months to 12 months 9:06 6:45 11:23 

12 months to 15 months 9:15 7:20 11:05 

15 months to 18 months 9:50 6:57 12:42 

18 months to 21 months 10:10 8:30 12:15 

21 months to 24 months 10:12 6:50 13:39 

2 years 10:45 7:35 13:20 

3 years 11:10 9:35 13:50 

NOTE SOURCE: Norris and Smith, 2002 [8] 

In the data obtained there were no significant differences observed in mouthing between the different 
times of the day that children were observed. Neither were significant differences in mouthing time 
found between the sexes. 

However, as can be observed in the following graph, Norris and Smith (2002) [8] found a great 
difference between the time available to mouth per day and the duration of children's mouthing 
behaviour in contact with objects. 
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Key 
X age group 
Y number of hours 
1 time available to mouth per day (awake but not eating) 
2 estimated children’s mouthing behaviour in contact with objects 
a months 
b  years 
NOTE Based on Norris and Smith 2002 [8] data. 

Figure 1 — Time available to mouth per day vs. mouthing behaviour in contact with objects 

2.3.3 Frequency of mouthing objects 

In their study to quantify children's handling and mouthing activities through a videotaping 
methodology, Reed et al. (1999) [14] found the mean frequency of contacts per hour: objects-to-mouth 
(including toys and other objects), was 16,3 objects, 90th percentile 77,1, and maximum contacts was 
86,2 (for a sample of 30 3- to 6-year-olds, and 10 children aged 2 years to 5 years). 

Analysis of the data collected by Tulve et al. (2002) [6] suggests that the mouthing data can, and should, 
be broken into two subsets based on age: < 24 months and > 24 months. The data further showed that 
toys and hands were preferentially mouthed compared with other body parts and household surfaces. 
They have obtained a more realistic estimate of a child's mouthing behaviour by using data collected on 
multiple observation days. The results reported in this study are focused on children who engaged in 
quiet play in an indoor environment. The data presented by Tulve et al. (2002) [6] shows that young 
children may mouth specific objects (e.g. toys) up to 48 events/hour. 

The research by Black et al. (2004) [18] is presented as a table of results of the frequency of object-to-
mouth events (see Table 3). 
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Table 3 — Results of the frequency of object-to-mouth events per hour 

Age Frequency Time 
% 

Infant 18,1 (24,4 + 11,6) 3,1 (4,0 + 2,4) 

1-year-old 8,4 (9,8 + 6,3) 1,3 (1,6 + 1,2) 

2-year-old 5,5 (7,8 + 5,8) 0,9 (1,3 + 1,1) 

Preschool 8,4 (10,1 + 12,4) 1,9 (3,0 + 3,9) 

NOTE SOURCE: Black et al. 2004 [18]. 

Regarding the number of items mouthed (all kinds of items), Norris and Smith (2002) [8] concluded 
that children aged 6 months to 9 months mouth the greatest number of items: the average number of 
items mouthed each day per child peaks at age 6 months to 9 months (26 items) and then gradually 
decreases as the age of the child increases (at 3 years old 12 items are mouthed). Children aged 1 month 
to 3 months mouth the fewest number of items on average (3 items). 

Concerning the material of the toys and other objects mouthed, plastic was the most common material 
to be mouthed, followed by fabrics; approximately half of all the toys and other objects mouthed were 
made of plastic (Norris and Smith, 2002 [8]). 

Childcare products, such as teethers and rattles, were mouthed by nearly all age groups. However, the 
most significant data from Norris and Smith [8] showed that an estimated minimum of 75 % of the 
items mouthed by children in their study were considered as not intended to be mouthed. Around just 
25 % of all the toys and other objects mouthed in this study were considered as intended to be 
mouthed, and around 30 % (after age 3 months) of these were made of plastic. Whereas, for the 
1 month to 3 months age group, all the plastic items mouthed were intended for mouthing. After this 
age a maximum of only 31 % of the plastic items mouthed were considered as intended for mouthing 
(Norris and Smith 2002 [8]). 

They list the categories of toys and others objects mouthed by the sample in their study. Looking at the 
category of toys mouthed, it features all types of toys: animals, foods, vehicles, blocks, dolls, soft toys, 
books, toy figures, balls, tools, musical instruments, bath toys, cameras, teethers, rattles, letters, 
walkers, puzzles, balloons, etc. Regarding other objects, they include: clothing, cups, magazines, kitchen 
utensils, pens, shoes, remote controls, packaging, sofas, bottles, keys, TVs and videos, chairs, straps, 
boxes, watches, carpets, bags, flowers, pet foods, etc. In conclusion, there is a wide assortment of objects 
that children mouth at home, the majority of them being not intended for mouthing (Norris and Smith, 
2002 [8]). 

Focusing on children's mouthing habits, 29 % of children leave bite marks on toys, and 25 % of children 
damage items by biting (Norris and Smith, 2002 [8]). 
2.3.4 Amount of the time spent mouthing objects 

In the study by Juberg et al. (2001) [1], the average daily time spent mouthing (all objects except 
dummies) was 36 min. For the 0 months to 18 months age group, the average daily duration of 
introducing objects into the mouth was: plastic toys (17 min), teethers (6 min) and other objects 
(9 min). The results for children aged 19 months to 36 months were: plastic toys (2 min), teethers 
(0 min) and other objects (2 min). 

Health Canada (quoted by Juberg et al., 2001 [1]) used average daily mouthing duration estimates for 
plastic toys of 2 h for children aged 3 months to 12 months and 2,5 h for children aged 12 months to 
36 months. The results obtained in this study are significantly higher than the Juberg [1] results, with an 
average of 23 min for plastic toys with children aged 3 months to 12 months, and an average of 5 min 
for plastic toys amongst children aged between 13 months and 36 months. 
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The CPSC relied on the Groot et al. (1998) [2] data to estimate geometric means of 12 min for 3 months 
to 12 months old children and 2 min for 13 months to 26 months old children, for teethers, rattles, and 
toys, assuming that the data are distributed lognormally. 

Concerning the average time that a child in each group could be expected to mouth a given item over 
the course of a normal day, Norris and Smith (2002) [8] presented a table of the time (hours: minutes: 
seconds) spent mouthing dummies, fingers, toys, and other objects. No clear age patterns exist for total 
mouthing time. However, when they estimated the daily mean mouthing of toys and other objects, a 
much clearer pattern of changes with age emerges. 

Table 4 — Estimated mean and maximum daily mouthing time for toys and other objects 

  Toys Other objects 

Age group Mean Maximum Mean Maximum 

1 month to 
3 months 

0:00:14 0:00:59 0:05:14 0:28:11 

3 months to 
6 months 

0:28:20 2:34:45 0:12:29 0:36:39 

6 months to 
9 months 

0:39:10 3:46:46 0:24:30 1:10:23 

6 months to 
9 months 

0:23:10 1:04:49 0:16:25 1:31:00 

12 months 
to 
15 months 

0:15:18 0:44:01 0:12:02 1:03:03 

15 months 
to 
18 months 

0:16:34 0:58:28 0:23:01 1:38:02 

18 months 
to 
21 months 

0:11:07 0:32:49 0:19:49 1:06:21 

21 months 
to 
24 months 

0:15:46 1:42:04 0:12:53 0:40:20 

2 years 0:12:23 2:05:48 0:21:46 2:57:58 

3 years 0:11:37 1:34:36 0:15:16 1:25:29 

NOTE SOURCE: Norris and Smith, 2002 [8]. 

They found no general trend of an increase or decrease in mouthing, across all items, from the ages of 
1 month to 5 years, although there were differences between age groups within that range. 
Nevertheless, mouthing toys and other objects (which are most likely to be a hazard) shows a trend 
with age. Mean estimated daily mouthing peaks at age 6 months to 9 months (approximately one hour) 
and decreases as children grow older. For the maximum estimated daily mouthing, 2-year-olds mouth 
for as long as 6 months to 9 months old children (approximately 5 hours/day), (Norris and Smith, 2002 
[8]). 
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Key 
X age group 
Y number of hours 
1 estimated children’s mouthing behaviour in contact with objects 
2 estimated children’s mouthing behaviour in contact with toys 
a months 
b  years 

Figure 2 — Mouthing behaviour in contact with all items mouthed vs. in contact with toys 

In classifying the type of mouthing, various authors talk about using three categories to classify 
mouthing behaviour, namely: licking, sucking and biting/chewing. Analysing results concerning the 
variable “how the object was mouthed”, Norris and Smith [8] found sucking was the most commonly 
observed mouthing behaviour, accounting for approximately two thirds of all observed mouthing 
behaviours (2002). 

Annex A contains a summary of results of previous quantitative studies on children’s mouthing 
behaviour. 

3 Design of the research 

3.1 General objective 

The overall aim of this research is the measurement and quantification of the times and frequency that 
children aged 0 months to 36 months, introduce toys into their mouths spontaneously. 

Additionally, another objective is to obtain qualitative information on how children behave when they 
put the toys in their mouths. 

3.2 Data collection 

The main methodology used in previous research on children's mouthing behaviour is observation. Two 
main methods are employed to capture data: video recording and parental observation. As 
methodological recommendations suggested, this study used parental observation in a natural 
environment combined with video recording sessions. 

The presence of a stranger in the home recording children's activities is likely to alter the behaviour of 
the child being observed to a greater or lesser extent; so while the reliability of the data may be high, 
the circumstances are less “realistic” and lower the validity of the data. Another problem with video 
recording is that young children are often on the move, which would make capturing each example of 
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behaviour extremely difficult. For these reasons this research used parents/carers as observers, to 
ensure that children's mouthing behaviour, and their behaviour in general, is as natural as possible, to 
guarantee high data validity. 

Concerning the amount of time of observation, this depends on which methodology is used. Using video 
recording methodology the amount of time observed is very high, but with parental observation the 
amount of time decreases. In relation to parental observation, based on previous research, about 15' of 
observation per day is the most accurate amount of time. To increase the amount of time observed in 
parental observation, various authors have split their observation into different days, or at least into 
different times during the same day. The amount of time observed per child in previous research, for 
statistical estimates, is around two hours. 

On the other hand, it was noted that there are no recent studies on children's mouthing behaviour; very 
little literature could be found on children's mouthing focused on toy-to-mouth behaviour (the last 
observational study was in 2002). Furthermore, a great deal of studies concluded that there was a high 
frequency of mouthing objects, but there were very few consistent conclusions on the amount of time 
spent mouthing them. 

It is not possible to understand the exact characteristics of the toys used in the studies carried out. 
There is neither data on the parts of toys mouthed nor on the materials of the product mouthed. The 
only available information is on the percentage of the materials that were rubber or plastic, as noted in 
the explanations of the material mouthed. 

Finally, there are no clear explanations of the qualitative process of mouthing toys in children under 3 
years, even though they are consistent in that a lot of mouthing behaviour occurs during this period of 
age (and specifically under 12 months). There is no graphic information on how toys were mouthed by 
babies or children and there is an evident lack of knowledge about how children are mouthing toys. 

Based on the review of literature, it can be concluded that the variability between different samples was 
very high, and the qualitative focus of the methodology employed resulted in very low samples – only a 
few studies had a sample higher than 100 children. 

The present study is the one with the largest sample (245 children and a total number of 
1 680 observations) and the only one, up to now, to be carried out in three different European countries 
(Germany, France and Spain). It is also the study with the highest representation of specific toys (54 
different products) for children aged 0 months to 36 months. 

Parents made observations of their children playing at home for 18 min/day, resulting in 126 min of 
observation per child at the end of the week. In total, 511,8 h of adult observation of children's activities 
with toys were collected, together with a total of 16 h of video recording sessions, in order to carry out 
qualitative and quantitative analysis of children's mouthing behaviour. 

The next sub-clause describes the methodology of this study in detail. 

3.3 Methodology 

3.3.1 General 

The quantitative and observational qualitative study involved families with children under 3 years. This 
study included 3 different methodologies combined: Ethnographic, Home environment and Free Play 
environment (see Table 5). 
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Table 5 — Methodologies of the study 

1. Ethnographic 2. Home environment 3. Free play environment 

a) Parental observation 
b) 24 h study 
c) 245 families 
d) 3 European countries: France, 

Germany, Spain 
e) Gathering information: 

1) App for quantitative study 
2) Training protocols 

a) Parental observation 
b) Friendly environment: home 
c) 54 selected toys 
d) 3 European countries: France, 

Germany, Spain 
e) 245 families 
f) 126 min observation per child 

(18 min for 7 days) 
g) Gathering information: 

1) App for quantitative study 
2) Video recording for 

qualitative study 
3) Training protocols 

a) Educators observation 
b) Friendly environment: nursery 

school 
c) Free play with selected toys 
d) Spain 
e) 50 children (5 children per 

session) 
f) 12 sessions – 30 min per day of 

video recording 
g) Gathering information: 

1) Video recording 

Outcomes: Number of hours per 
day in contact with toys. 

Outcomes: Amount of time and 
frequency of children’s mouthing 
behaviour. Analysis of the most 
relevant mouthing behaviours. 

Outcomes: Analysis and video 
selection of the most relevant 
behaviours. 

3.3.2 Ethnographic 

The study consisted of parental observations of their children's usual activities in a whole week, taking 
into account working as well as non-working days. It was a 24-h study, to determine the number of 
minutes/hours that a child can be in contact with toys per day (not sleeping and not eating). After this 
week, parents answered some questions related to their children's activities in 24 h, using the 
observational tool. This study was carried out by all 245 children in the sample, with representatives 
from all age groups (based on the EPA standard) from 0 months to 36 months, with families from 3 
countries (Germany, France and Spain). 

 

Figure 3 — Example of children activities 

3.3.3 Home environment 

This study consisted of parental observation (at home) of children's mouthing behaviour when they 
were in contact with specific toys, to obtain the times and frequency that children (0 months to 
36 months) introduce toys into their mouths. 

A sample of 245 families (from Germany, France and Spain) observed their children's use of specific 
toys. Each family had 3 toys, selected according to the age of their child, and observed their child's use 
of the toys for 126 min over the course of a week. Each toy was tested by 12 different families. 

Children should be in a “normal” state of relaxation/excitement during observation. To this end, it was 
necessary to minimize the excitement that the appearance of a new toy might suppose for a child. To 
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achieve this, the parents let their children play freely and spontaneously with the toys being studied on 
the same day they were delivered, without making any type of record of the information. Subsequently, 
at least once a day for a week, they observed children using the allocated toys for 18 min and registered 
if there was mouthing behaviour, along with the frequency, time and type of mouthing (licking, sucking 
or biting). 

The present study defined 3 types of mouthing behaviour, which were explained to the family 
participants in order to classify their observations: 

— Licking/lip-touching: This is where an item touches the front of the mouth, without actually 
entering into the mouth itself. The child may be licking the object, or touching the object to their 
lips or tongue. 

— Sucking/trying to bite: The item is put directly into the child's mouth. The child may be sucking, 
holding the object in their mouth or trying to bite (gumming) the object. 

— Biting/chewing: The item is directly inside the child's mouth. It is clear that the child is biting it or 
chewing on it. 

Furthermore, they classified their child's mouthing behaviour according to different levels of salivation: 

— High salivation: Saliva present on the lips and dribbling. 

— Medium salivation: Saliva present and observed directly on the child's lips. 

— Low salivation: Slight saliva observed on the toy, but not on the child's lips. 

This study was carried out on all children in the sample, with representatives from all age groups 
(based on EPA Standard classification of children for mouthing behaviour studies). 

Table 6 — Sample age groups 

AGE Germany France Spain All countries 

< 3 months 10 children 10 children 10 children 30 children 

≥ 3 months and < 6 months 10 children 10 children 10 children 30 children 

≥ 6 months and < 10 months 12 children 10 children 10 children 32 children 

≥ 10 months and < 13 months 10 children 10 children 11 children 31 children 

≥ 13 months and < 19 months 10 children 10 children 10 children 30 children 

≥ 19 months and < 25 months 9 children 10 children 11 children 30 children 

≥ 25 months and < 31 months 10 children 10 children 11 children 31 children 

≥ 31 months and < 37 months 10 children 10 children 11 children 31 children 

Total children 
(0 months to 36 months) 

81 children 80 children 84 children 245 children 

Finally, the total sample was 245 families because, in order to ensure a minimum 240 families, more 
families were selected in the 3 countries (a characterization of the sample can be found in 3.4.2). 

To ensure the quality of the results of parental observation and video recording, the observations were 
broken down into equal periods per day: 

— Child waking up to 12:00; 

— 12:01 to 18:00; 
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— 18:01 to child going to bed. 

To carry out their observations, they used the observational tool and protocols documented in 3.3.6. 

 

Figure 4 — Home environment observation 

3.3.4 Free play environment 

This study consisted in video recordings of how children behave when they put the selected toys in 
their mouths, in order to obtain qualitative information on how this behaviour occurs in a free play 
environment. 

To carry out the video recordings, selected toys (from the toy sample) were placed in a classroom. 
These toys were available for everyone in the group (maximum 10 children per session) in a free play 
session with their usual teachers or carers. Children used toys spontaneously. These toys were selected 
according to the children's age group. They used all the different toys in the sample. 

Video recordings were made of 12 sessions of children using toys in nursery schools in Spain: 
30 min/day (total: 360 min). The recordings featured children under 3 years: 

— up to 1 year (4 sessions); 

— 1 year to 2 years (4 sessions); 

— 2 years to 3 years (4 sessions). 

 

Figure 5 — Free play environment observation 

Finally, video recordings were conducted in two environments: at home and in nursery schools. The 
reason was due to the difficulties in following children when they are playing in a school environment, 
and the inability of making good video recordings of mouthing behaviour. 
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For this reason, 100 families from three countries – Germany (20 families), France (20 families) and 
Spain (60 families) – were asked to video record 6 min of parental observation at home following the 
same methodology, in order to determine the most relevant mouthing behaviours (total: 600 min). 

These video recordings have been analysed by technical experts that classified children behaviour into 
three different mouthing behaviours: Licking/lip-touching, sucking/trying to bite, biting/chewing. 

Experts have selected video recordings that illustrate various examples of these 3 types of mouthing 
behaviours, compiled in a final videotape as part of this report. 

 

Figure 6 — Examples of mouthing behaviour 

3.3.5 Pilot test 

To ensure that the protocols, methodology and data collection systems were appropriate for the 
intended objectives, a pilot phase of the study was performed with a sample of 8 families. 

Following this pilot test, the methodology was adjusted and the following changes were made: 

— The amount of time per observation was increased from the 15 min/day initially planned to 
18 min/day. From 105 min to 126 min per child. In this way, a total of 30 708 min were observed 
(511,8 h). 

— Video recordings were made of 12 sessions of 30 min in a “free play environment” instead of the 
initially planned 10 sessions, in order to acquire 4 sessions for each age group (360 min). 

— Serious difficulties were detected when observing the mouthing behaviour of individual children in 
the free play environment sessions. For this reason an additional 100 sessions of individual 
children playing in the home environment were recorded (600 min). 

— Parents' comprehension of the question regarding salivation level and types of mouthing behaviour 
were checked. 

— In order to take into account that children could display different states of aptitude, alertness or 
concentration over the day, together with parents' availability to play with their children, 
observations were broken down into the following periods: 

— Child wakes up to 12:00. 

— 12:01 to 18:00. 

— 18:01 to child goes to bed. 
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3.3.6 Observational tool and protocols 

To carry out the parental observation at home and to obtain ethnographic data, an app for 
smartphones/tablets for use as an observational tool by parents was developed, which allowed 
observational data to be received in real-time. 

This tool included data about the following variables: 

— Children’s data: Age, gender, child/family code, dummy use. 

— Toy data: Category, brand, product name, specific hazards, material (elastomeric/not elastomeric), 
parts of the toy that are mouthed, toy intended to be mouthed or not, etc. 

— Mouthing behaviour: Number of times, amount of time, type of mouthing behaviour, level of 
salivation. 

Every day parents watched how their children used the toys and recorded data regarding their 
mouthing behaviour: whether it occurred or not, the times that it occurred, and also the type of 
mouthing behaviour (as can be seen in the following image from the observational tool). 

 

Figure 7 — Observational tool app 

At the end of the week, once the 126 min of observation of their child was complete, parents were asked 
to finish by completing the final data validation with the tool. This involved specific questions regarding 
the condition of the toys, if their children had left bite marks on them, and if they had encountered any 
problems or had any comments they wanted to make. 

Furthermore, the tool asked parents for observations about their child's daily routines and activities, as 
well as the times they used or were in contact with toys on each day of the week. 

Each family was assigned an identification code, in order to ensure anonymity while being able to 
register their family characteristics, the age of the child observed and the assigned toys. 
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Families were provided with information and instructions so they had a better understanding of the 
observational process. 

Additionally, various protocols were developed for parents in order to guarantee all the ethical issues: 
informed consent, authorisations for research and also for video recordings, and to transfer the rights of 
the images in this study. 
3.3.7 Training sessions 

To ensure that the process of observation by parents was exactly the same in all families, several 
training sessions were conducted where the objectives and the most relevant characteristics of the 
research were explained. 

The observation process was explained to each family and the observational tool was presented in 
detail. It was verified that they had properly installed the app on their smartphone or tablet, and test 
runs were performed to familiarise them with the tool. 

At this point the signed authorization forms were collected, the toys assigned to each family were 
handed over along with the quick guide for the tool, and the most frequent questions were dealt with. 

These training sessions were conducted exactly the same way in all 3 countries. Each and every one of 
the families who participated in the research attended a session. 

In addition to the training sessions, the tool itself included a section that reminded users of the 
observation procedure. Additionally, a FAQ sheet was distributed so they could resolve the most 
common uncertainties. Finally, all families had direct access to a contact person in each country (via 
telephone, WhatsApp and email) in order to deal with any additional issues that might have arisen 
during their observations. 

      

a) Spain b) France c) Germany 

Figure 8 — Training sessions 

3.4 Sample description: Children and toys 

3.4.1 General 

3.4.2 describes the characteristics of the sample of 245 families that participated in the study, making 
home observations with a total of 663 toys. The selection process and the final sample of toys are 
described in 3.4.3. Table 7 contains an overview on the number of families and toys by country. 
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Table 7 — Sample description 

Scope Number of families Number of toys 

Germany 81 219 

France 80 216 

Spain 84 228 

Total 245 663 

3.4.2 Children sample 

3.4.2.1 Age of children, Amount in the 8 age brackets: 

a) < 3 months:      30 families 

b) ≥ 3 months and < 6 months:  30 families 

c) ≥ 6 months and < 10 months:  32 families 

d) ≥ 10 months and < 13 months:  31 families 

e) ≥ 13 months and < 19 months:  30 families 

f) ≥ 19 months and < 25 months:  30 families 

g) ≥ 25 months and < 31 months:  31 families 

h) ≥ 31 months and < 37 months:  31 families 

3.4.2.2 Gender of children: Almost equal halves of the sample of each gender (girls 51 % and boys 
49 %) 

3.4.2.3 Household size: The sizes of the households in the sample ranged from 2 to 6 people. The 
most common sizes were 3 or 4 people households (47 % of households were of 3 people, 34 % were 
households of 4 people). 

3.4.2.4 Number of children: In 51 % of cases the families who participated in the study had only 
one child, 33 % had 2 children and 11 % were families with 3 children. However, even if they had more 
than one child the families carried out all the observations on only one child (the child who was 
designated to participate in the study). 

3.4.2.5 Country: Families from the 3 countries participated (Germany: 81 families / France: 
80 families / Spain: 84 families). 

3.4.2.6 Population sizes: The population size of the place where the families lived ranged from: 
5 000 to 30 000 inhabitants (30 %) / 30 000 to 200 000 inhabitants (23 %) / More than 200 000 
inhabitants (43 %). As can be seen in Figure 14, in France there was less involvement of families from 
big cities than in Germany or Spain. 

3.4.2.7 Relationship: 85 % of the observers were the mothers, while 14 % were the fathers, and 
1 % were the grandparents or the children's carers. 

3.4.2.8 Observer ages: In 43 % of cases the observers were parents between 31 years and 35 years 
/ 24 % were between 36 years and 40 years / 19 % between 26 years and 30 years. The observer 
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mothers in Spain had the highest age (39 % between 36 years and 40 years). This may be because the 
average age for having a child in Spain is the highest in the 3 countries studied. 

3.4.2.9 Level of education: 51 % of the sample had a university education, 39 % a secondary 
education level, and 10 % a primary education or other. There was a greater representation of families 
with a secondary education in Germany (60 %) than in the other two countries, as can be seen in 
Figure 17. 

3.4.2.10 Social Class: There were fewer lower class families in the German sample compared with 
the other two countries (Figure 18). 

3.4.2.11 Observation periods: 45 % of the observations were made between 18:01 until the child 
went to bed / 27 % observed children between 12:01 to 18:00 / 28 % between the time the child woke 
up until 12:00. These periods were the times of day that the parents were available to watch their 
children playing and for this reason they could not be performed equally (i.e. it was not possible to have 
exactly a third of the observations in each period). However, it does at least provide data for the 
3 different times of day, in order to evaluate differences. A Kruskal-Wallis test showed no significant 
differences in observed mouthing behaviour (duration and frequency) between these 3 observational 
periods (C.4). 

3.4.2.12 Use Dummy: 66 % of the children observed used a dummy and 34 % did not use one 
(Figure 20). Looking at the same data by age (Figure 21) it can be seen that from between 0 months to 
18 months use of dummies rises to over 80 % of children, whereas for 18 months to 36 months the 
percentage falls to about 50 %. Information is not available on the reasons for using or not using a 
dummy, but a clear uniformity is seen in the results according to country and age. 

 
Key 
a < 3 months 
b ≥ 3 months and < 6 months 
c ≥ 6 months and < 10 months 
d ≥ 10 months and < 13 months 
e ≥ 13 months and < 19 months 
f ≥ 19 months and < 25 months 
g ≥ 25 months and < 31 months 
h ≥ 31 months and < 37 months 

Figure 9 — Age of children 
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Key 
1 global 
2 Germany 
3 France 
4 Spain 
a boys 
b girls 

Figure 10 — Gender of children 

 
Key 
1 2 people 
2  3 people 
3  4 people 
4  5 people 
5  6 people 
a  global 
b  Germany 
C France 
d  Spain 

Figure 11 — Household size 
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Key 
1 1 child 
2  2 children 
3  3 children 
4  4 children 
5  more than 5 children 
a  global 
b  Germany 
C France 
d  Spain 

Figure 12 — Number of children 

 
Key 
1 France 
2 Spain 
3  Germany 

Figure 13 — Country 
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Key 
1 less than 5 000 inhabitants 
2  5 000 inhabitants to 30 000 inhabitants 
3  30 000 inhabitants to 200 000 inhabitants 
4 more than 200 000 inhabitants 
a  global 
b  Germany 
C France 
d  Spain 

Figure 14 — Population sizes 

 
Key 
1  father 
2  mother 
3  grandparent 
4  carer 
a  global 
b  Germany 
C France 
d  Spain 

Figure 15 — Relationship 

Full document details: PD CEN/TR 16918:2015

http://www.avadocuments.com/doc/pd-cen-tr-16918-2015
http://www.avadocuments.com/doc/pd-cen-tr-16918-2015


PD CEN/TR 16918:2015
CEN/TR 16918:2015 (E) 

29 

 
Key 
1 under 20 years 
2  20 years – 25 years 
3  26 years – 30 years 
4  31 years – 35 years 
5  36 years – 40 years 
6  41 years – 45 years 
7  46 years – 50 years 
8  over 65 years 
a  global 
b  Germany 
C France 
d  Spain 

Figure 16 — Observer age 

 
Key 
1  primary education 
2  secondary education 
3  university education 
4  other 
5  no education/unfinished 
a  global 
b  Germany 
c  France 
d  Spain 

Figure 17 — Level of education 
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Key 
1 upper 
2  upper middle 
3  middle 
4  lower middle 
5  lower 
a  global 
b  Germany 
C France 
d  Spain 

Figure 18 — Social class 

 
Key 
1  child wakes up to 12:00 
2  12:00 to 18:00 
3  18:00 to child goes to bed 
a  global 
b  Germany 
C France 
d  Spain 

Figure 19 — Observation periods 
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Key 
1  yes 
2  no 
a  global 
b  Germany 
C France 
d  Spain 

Figure 20 — Use of dummy 

 
Key 
a months 
b  yes 
c  no 

Figure 21 — Use of dummy by age 

3.4.3 Sample 

The results of this study served as input for the revision of EN 71-12:2013, which is applicable to toys 
made from elastomers (and finger paints). The selection process of the toy samples carried out is 
explained below: 

Phase 1: In September 2013, a first selection of toys was made. This selection was initially based on the 
interpretation found in the “Guidance Document on the interpretation of the concept “which can be 
placed in the mouth”” [23]. However, solely using this guidance document, the representation of toys 
was very low. For this reason they were combined with products based on CEN report CR 14379:2002 
Classification of toys – Guidelines, in order to have representation from various categories of toys 
presently on the market. As the study focuses on children under 36 months toys classified for children 
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above 3 years were not included, for safety reasons. This initial proposal included a list of toys, some of 
which were probably made from elastomeric materials. This proposal was discussed by the responsible 
CEN working group. 

Phase 2: Subsequent to the comments made by this committee, a second selection of toys was made. 
The following aspects were considered: 

— It was decided to reinclude the musical category in the sample, even though they do not include 
elastomeric materials. 

— It was finally decided not to include arts and crafts materials in the sample. 

— It was decided to include toys that imitate foodstuffs in the sample. 

— It was decided to introduce a new variable that allows to separate the toys that are designed for 
children to put into their mouths from those that are not: toys intended to be mouthed (teethers, 
foodstuffs, microphones musicals, toys that represent phones) and toys not intended to be mouthed 
(others). 

— it is important to distinguish if the part of the toy involved in the children's mouthing behaviour is 
made of elastomeric material or not. 

— The presence of elastomeric material should be a certainty, not a probability. It was necessary to 
have a sample of toys made mostly with elastomeric materials. If not the whole toy, at least some 
parts of the product should be made of elastomeric material (silicon, rubber, etc). Products such as 
teethers had to be taken into account. The chemical nature of the elastomeric toys was analysed in 
order to verify whether the toys in the sample (or at least some part of them) were made of 
elastomeric material or not. The available information only states if the product was elastomeric or 
not. It does not provide information on the classification of types of elastomeric materials used in 
each toy. 

Phase 3: The final selection of the toy sample consisted of 54 products that met the above 
requirements. Verification was carried out on the presence of elastomeric materials in the selected toys. 
In addition, a uniform number of toys were selected for each age group of children in the sample. All the 
toys were observed in the 3 countries in an equal fashion. 

Table 8 lists the toys in the sample according to toy categories. 
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Table 8 — Toy sample 

Category Number of products 

1. Push-along toys, pull-along toys and walking aids 2 

2. Dolls and soft filled toys 4 

3. Role-playing toys (foodstuffs included) 8 

4. Toys for babies, for looking at, grasping and/or squeezing 14 

5. Books with play value and bath books 3 

6. Audio/visual equipment 3 

7. Construction toys and puzzles 4 

8. Mechanically and/or electrically driven 2 

9. Play scenes and constructed models 3 

10. Sand-water and bath toys 4 

11. Toy musical instruments 2 

12. Toy sports equipment and balls 3 

13. Toys intended to bear the mass of a child 2 

Total 54 

Of the 54 toys in the sample, 50 % were toys made with elastomeric materials and 50 % without 
elastomeric materials. These toys had been tested to ensure the presence of elastomeric materials. 

El
as

to
m

er
ic

 (5
0 

%
) 

 

Figure 22 — Toys with elastomeric materials 
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Figure 23 — Toys without elastomeric materials 

Furthermore, 33 % of the toys were “Intended to be mouthed”, whereas 67 % were toys “Not intended 
to be mouthed”. 
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Figure 24 — Toys intended to be mouthed 

Finally, Figure 25 shows the distribution of toys to the various age groups, in accordance with the 
manufacturer's age recommendations. 
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Age groups 
months 

Uniformity in the number of products for each age group 

< 3 

 
≥ 3, < 6 

 
≥ 6, < 10 

 
≥ 10, < 13 

 
≥ 13, < 19 

 
≥ 19, < 25 

 
≥ 25, < 31 

 
≥ 31, < 37 

 

Figure 25 — Uniformity in the number of products for each age group 

3.5 Statistical analysis 

The children were grouped into eight age categories (following EPA Standards): 0-2 months/ 3-5 
months/ 6-9 months/ 10-12 months/ 13-18 months/ 19-24 months/ 25-30 months/ 31-36 months. 
Additionally, data was grouped into two groups: Under 1 year / 2–3 years. Finally data was grouped 
into three categories: 1 year / 2 years / 3 years. All statistical analysis was made using the same 
chronological age categories. 

Microactivity data and questionnaire results of frequency and duration of mouthing behaviour in 
contact with toys were analysed using SPSS version 15,0 (Statistical Package for the Social Sciences). All 
data were presented with: mean, standard deviation, 75th percentile, 85th percentile and 
95th percentile, 99th percentile, maximum and minimum. 

Even though some authors support the use of parametric analysis for samples of over 100 subjects (the 
present study has a sample of 245 subjects and 1 680 observations analysed), non-parametric tests 
were used to analyse differences between data (see Table 9 for details); this was due to the lack of a 
normal distribution of the data (see C.1). Mann-Whitney and Kolmogorov-Smirnov were applied to 
determine significant differences between two variables (e.g. gender/ elastomeric vs. not elastomeric/ 
intended or not intended). Kruskal-Wallis was used to determine significant differences between more 
than two variables (age groups, countries, toy categories). For more information related to these 
analyses please see Annex C. 
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Table 9 — Sample error 

Global study 245 Families (±6,26 %) 

Age of children < 3 months 30 Families (±17,89 %) 

≥ 3 months and < 6 months 30 Families (±17,89 %) 

≥ 6 months and < 10 months 32 Families (±17,32 %) 

≥ 10 months and < 13 months 31 Families (±17,6 %) 

≥ 13 months and < 19 months 30 Families (±17,89 %) 

≥ 19 months and < 25 months 30 Families (±17,89 %) 

≥ 25 months and < 31 months 31 Families (±17,6 %) 

≥ 31 months and < 37 months 31 Families (±17,6 %) 

Gender Boys 118 Boys (±9,02 %) 

Girls 126 Girls (±8,73 %) 

Country Germany 81 Families (±10,89 %) 

France 80 Families (±10,96 %) 

Spain 84 Families (±10,69 %) 

4 Results of children’s mouthing behaviour in contact with toys 

4.1 Frequency children mouthed toys 

4.1.1 General 

4.1 presents data related to frequency (“Number of times children mouthed toys per hour”). This 
information is analysed by: age, gender and country. 
4.1.2 By age 

Table 10 — Frequency children mouthed toys per hour by age 

Age groups 
months 

Mean SD Per. 75 Per. 85 Per. 95 Per. 99 Max. Min. 

< 3 22 19 37 41 58 65 66 0 

≥ 3, < 6 70 53 105 127 165 210 228 0 

≥ 6, < 10 44 42 45 69 123 191 201 1 

≥ 10, < 13 41 35 51 73 93 150 173 1 

≥ 13, < 19 19 21 24 39 62 82 87 0 

≥ 19, < 25 10 16 11 16 48 67 67 0 

≥ 25, < 31 23 22 38 50 60 72 75 0 

≥ 31, < 37 14 15 25 29 37 53 59 0 

Total sample 30 36 41 55 91 171 228 0 
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Key 
a  global 
b  months 
c age range with highest frequencies of mouthing behaviour 

Figure 26 — Frequency of mouthing behaviour per hour by age (based on means of Table 10) 

The average number of times children mouthed toys was 30 times/hour for the total sample 
(26 times/hour, weighted by year). The highest frequencies were in children aged 3 months to 
12 months (52 times/hour), especially in those aged ≥ 3 months and < 6 months (70 times/hour). 

The average number of times children under 12 months mouthed toys (44 times/hour) is significantly 
different compared with children from 13 months to 36 months (17 times/hour). This difference is 
significant, based on the non-parametric test results: Mann-Whitney and Kolmogorov-Smirnov (see 
C.2). 
4.1.3 By gender 

Table 11 — Frequency children mouthed toys per hour by gender 

Gender Mean SD Per. 75 Per. 85 Per. 95 Per. 99 Max. Min. 

Boys 32 38 41 57 111 172 201 0 

Girls 29 34 41 53 86 159 228 0 

Total sample 30 36 41 55 91 171 228 0 

 
Key 
1 global 
2  boys 
3  girls 

Figure 27 — Frequency of mouthing behaviour per hour by gender (based on means in Table 11) 
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No significant gender differences were observed when analysing the number of times children put toys 
into their mouths (based on the non-parametric test results: Mann-Whitney and Kolmogorov-Smirnov, 
see C.2). 
4.1.4 By gender and age 

Table 12 — Frequency of mouthing behaviour per hour by gender and age (mean values) 

Age groups 
months 

Mean Boys Girls 

< 3 22 20 24 

≥ 3, < 6 70 71 70 

≥ 6, < 10 44 52 37 

≥ 10, < 13 41 44 37 

≥ 13, < 19 19 20 19 

≥ 19, < 25 10 15 6 

≥ 25, < 31 23 27 19 

≥ 31, < 37 14 10 18 

Total sample 30 32 29 

 
Key 
a global 
b  boys 
c  girls 
d months 

Figure 28 — Frequency of mouthing behaviour per hour by gender and age (based on means in 
Table 12) 

Similar frequencies were found for both, boys and girls, in the different age groups. The frequencies are 
slightly higher for boys in some age brackets. 
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4.1.5 By country 

Table 13 — Frequency children mouthed toys per hour, by country 

Country Mean SD Per. 75 Per. 85 Per. 95 Per. 99 Max. Min. 

Germany 26 32 41 53 67 79 87 0 

France 31 33 47 62 91 145 173 0 

Spain 33 47 38 52 157 206 228 0 

Total 
sample 30 36 41 55 91 171 228 0 

 
Key 
1 global 
2  Germany 
3  France 
4  Spain 

Figure 29 — Frequency of mouthing behaviour per hour by country (based on means in 
Table 13) 

No significant differences were observed when analysing the frequency according to country (based on 
the results of a Kruskal-Wallis non-parametric test, see C.2). 
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4.1.6 By country and age 

Table 14 — Frequency of mouthing behaviour per hour by country and age (mean values) 

Age groups 
months 

Mean Germany France Spain 

< 3 22 23 28 15 

≥ 3, < 6 70 44 62 106 

≥ 6, < 10 44 29 37 68 

≥ 10, < 13 41 34 53 37 

≥ 13, < 19 19 28 16 14 

≥ 19, < 25 10 15 12 5 

≥ 25, < 31 23 20 29 19 

≥ 31, < 37 14 17 15 10 

Total Sample 30 26 31 33 

 
Key 
a  global 
b  Germany 
c  France 
d Spain 
e months 

Figure 30 — Frequency of mouthing behaviour per hour by country and age (based on means in 
Table14) 

The highest frequency was observed for Spanish babies, aged ≥ 3 months and < 6 months and ≥ 6 
months and < 10 months. 
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