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Abstract: The aim of the present study was to investigate the development of cognitive and manual skills in a sample of
48 children aged from 3 to 6 years in playing situations with toys to be assembled that usually are associated to edible
products in the same packaging. The experimental observation made on children’s manipulations in building these toys
allowed us to investigate the development of cognitive skills during an object identification phase (when the parts of the
toy are not assembled), the development of motor skills, observing the children’s behavior mainly during the toy
assembling phase, and finally the improvement of the child’s self-esteem by analysing the children’s verbal expressions
and playing behaviors with the whole toy. The main results sustain an increasing of cognitive and fine motor skills during
the years, and particularly an increasing of positive attitude that is fundamental for the child’s self-esteem. The use of
manipulative objects to be assembled seems to be a way to promote the development of specific fundamental childhood
skills.
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INTRODUCTION
Toys serve a fundamental function in childhood
development and playing is one of the most important
aspects of a young child’s life. In fact, children must use
movement to learn about their world and this relationship
with learning and movement is double fold, that is not only
children move to learn but they also learn to move [1].
In the first years of life the “learn by making” is probably
the most important mechanism that allows the child to
improve his/her cognitive and motor skills. In particular,
hand activities play a major role in early cognitive
development [2]. The relationships between cognitive and
manual performance have been extensively studied in infants
[3-7] but it was less investigated in normal preschool and
school children [2]. Based on the Piaget’s assumptions that
childhood cognitive development can be assessed by
observing the complexity of activity with objects, Howes
and Smith [8] positively tested the prediction that variation
in infants and preschoolers’ cognitive activities could be
explained by different factors, among these the children’s
play activities. Consequently, manipulative toys represent an
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interesting instrument through which children can improve
their knowledge and skills, for example exploring
mathematical and scientific concepts, such as number, size,
and shape, through the direct manipulation of the physical
objects [9].
Another important function of the mechanism “learn by
making” is in the building processes of a child’s selfconfidence, self-expression and self-esteem, in particular, in
the first years with successful experiences in the motor
domain [10-13]. Bunker [1], for example, assumed that
children need experiences in putting things together, taking
them apart, throwing things, catching things, and just
moving themselves, and these challenges help develop their
self-esteem. Movement activities, in fact, can provide
opportunities for children to learn to feel confident about
their skills [1].
Considering the important role of toys in the child
development, the purpose of the present study was to
investigate the development of cognitive and manual skills in
preschoolers’ playing situations. Studying the ability of
young players to manipulate a toy, and specifically to
assemble parts of a toy, could be a way to understand how
the cognitive and manual skills develop during infancy. In
fact, in the assembling activities, different fine motor,
cognitive, perceptual, and communicative skills are involved
and could be examinated. In the repeated manipulation of
different toys, the child develops important specific (manual
and cognitive) skills, such as size and colour discrimination,
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hand-eye coordination, imitation of people’s behaviours and
strategies, collaboration with other people, expression of
his/her interests and attitudes, and control of his/her feelings.
For understanding the role of toys in the children’s
cognitive and manual development, in this study we decided
to assess the interaction of preschoolers with special kinds of
toys that were to be assembled. We chose very common
toys, usually marketed in association with food, that are
specifically targeted to age groups of about 3-8 years, and
that are also well regulated in terms of safety. Further, to our
knowledge, there is no research on the children behaviours’
in relation with this kind of toys. Such toys involved in the
experiment are small gadgets made up of several parts,
which have to be assembled to obtain the whole object. The
experimental observation made on the children’s
manipulations in building these toys allows investigating two
main areas: 1) the development of cognitive skills during an
object identification phase (when the parts of the toy are not
assembled); 2) the development of motor skills, observing
the child’s behaviour during the assembling phase of the toy.
Another aspect that this study allows us to investigate,
thanks to the analysis of the children’s verbal expressions
and playing behaviours with the whole toy, is also the
improvement or lack of improvement in the child’s selfesteem.
METHODS
Study Population
A total of 48 children, 24 boys and 24 girls, aged from 3
to 6 years were included in the study (see Table 1 for a
detailed description of the sample). None of them had any
known developmental delays, based on parent report. The
children were recruited from two local educational
environments that gave permission for the study to be
conducted in their facilities. Parent informed consent was
obtained for all children prior to each child’s participation in
the study.
Table 1.

Description of the Sample

Age
(Years)

N

Boys
(B)

Girls
(G)

3

12

6

6

1 B, 1 G did not completed the test

4

12

6

6

1 G did not completed the test

5

12

6

6

1 B, 2 G did not completed the test
2 G not wanted to start the test

6

12

6

6

All children completed the test

Notes

Testing Procedure
Experimental sessions were conducted in a quiet room
familiar to the children, outside of their classrooms,
previously prepared with a hidden camcorder. All
experimental sessions were video-recorded in the presence of
two experimenters, one interacting with the child and
another recording. During the experimental sessions, the
child and the experimenter were seated next to each other at
a child-sized table. Each session lasted approximately 30
minutes.
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The experimenter presented to each child, one at a time,
4 different toys to be assembled. The toys could be a puzzle,
a little plane, a car, a motor bike, a spaceship, a famous
character or an animal (parrot, land snail, hedgehog, goose,
butterfly, caterpillar). These objects were composed of small
parts (ranging between four and eight) to be assembled. The
toys composed of few parts (e.g. famous characters)were
more simple to be assembled than those composed of several
parts (e.g. puzzles), offering to the child tasks with different
difficulty levels. All toys satisfied the EU Safety of Toys
Directive [14].
Experimental Observations
The experiment consisted of observing the behaviour of
the children when exposed to each object to assemble. First,
the experimenter observed if the child recognized what kind
of toy he/she had found (toy identification phase). Second,
the child’s assembling skills were evaluated, starting from
the looking at the instruction consisting of drawings to the
assembly of the toy (assembling phase). Finally, how the
child plays with the toy was evaluated (play phase). All the
behaviours that were possible to observe for each phase are
schematically reported in Table 2. The experimenter noticed
the behaviour exhibited by the child, indicating in a score
sheet the presence or the absence of each behaviour reported
in Table 2, for all the four presented toys. A second off-line
video analysis was made by another experimenter who
noticed the child’s behaviour and particular verbal
expressions that the child expressed.
Statistical Methods
Descriptive statistics, like absolute numbers and
percentages were worked out. In order to assess differences
between age groups in performing manual tasks, we
considered to have/not to have completed the task the
outcome of interest. Thus, linear mixed effects models,
which took into account individual variability and variability
which arose from different tests, were carried for each tasks.
Statistical significance was considered at p0.05. Statistical
analysis was performed using R.
RESULTS
A general description of the results is showed in Fig. (1).
In order to understand how the interaction of children with
toys to be assembled develops over the preschool years, a
qualitative analysis of the video tapes was used for each
studied age. Following more qualitative details about
children behaviours’ all over the tests are reported.
At three years of age, during the toy identification phase,
almost half of the sample usually did not recognize the
object to assemble, or the experimenter had to identify it
first, because the child said that he/she had no idea of what it
was. In the assembling phase, many of the 3-yearsoldchildrentook the toy instructions, looked at it and gave it
to the experimenter. Then, the children displayed different
behaviours while looking at the four toys, which were
administered at different times: sometimes they only touched
or moved some parts of the toy; almost always they tried to
assemble at least one toy, but the result was negative for half
of the sample. Very few children did not try to assemble or
touch the toy. During this phase, particularly at the
beginning, many children verbally expressed their inability

Interaction of Children with Toys to be Assembled

Table 2.

The Ergonomics Open Journal, 2011, Volume 4

57

Child’s Observed Behavior During Different Phases
Phases

Observed Behaviors
- Child identifies first;

1. Toy identification

- Child does not identify correctly, and experimenter helps him/her to identify;
- Experimenter identifies first.
- Child looks at the instructions or gives it to the experimenter;
- Child moves or only touches the parts of the toy;
- Child tries to assemble the parts but the result is negative;

2. Assembling

- Child tries to assemble and with the experimenter helping, the result is positive;
- Child tries to assemble only few parts of the toy;
- Child assembles all the parts by himself/herself;
- Child does not try to assemble.
- Child plays alone with the toy;

3. Play

- Experimenter shows to the child how he/she can play, and the child imitates the experimenter;
- Child is not interested by the toy and does not play.

12

Children who passed at least two tests

8
6
4
0

Toy identification

Assembling

Play

Toy identification

Assembling

Play

12

Children who passed all four tests

3 yrs
4 yrs
5 yrs
6 yrs

8
6
4
2

no of children

0

0

2

4

6

8

10

3 yrs
4 yrs
5 yrs
6 yrs

10

12

Children who passed at least three tests

no of children

3 yrs
4 yrs
5 yrs
6 yrs

2

no of children

8
6
4
0

2

no of children

10

3 yrs
4 yrs
5 yrs
6 yrs

10

12

Children who passed at least one test

Toy identification

Assembling

Play

Toy identification

Assembling

Play

Fig. (1). Number of children who passed at one test (top left), two tests (top right), three tests (bottom left) and all four test (bottom right).

to assemble the toy, but when the experimenter offered to
help them, many exhibited collaborative behaviour. Finally,
almost all the children (nine out of twelve) played with the

toys by themselves or, if they did not understand the
functioning of the play, they imitated the experimenter’s
playing behaviour.
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At the age of four, during the toy identification phase, ten
children identified the object to assemble at least one time.
In the assembling phase, some children looked at the
instructions, while other tried to immediately assemble the
object. For 9 children the assembling phase was successful
more than one time, thanks to the experimenter’s help. Only
one child was able to assemble one toy completely by
himself. Few children did not have positive results, some
were unable to assemble a toy, others assembled only some
parts of the toy, and others only touched them without trying
to assemble. Very few children did not try to assemble or
touch the toy. At the beginning of this phase, some children
expressed their incapability to assemble the toy, but when
the experimenter offered her help, a lot of them exhibited a
collaborative behaviour. It is interesting to note that one
child described the assembling operations out loud while he
was making the toy. Finally, four children played with the
toys by themselves at least one time.
At age five, for the toy identification and the assembling
phase, the children’s behaviour was similar to those of the fouryear-olds. However, three children in this subgroup were able to
assemble the toy completely by themselves, without the
experimenter’s help, at least one time. Only one child was
unable to assemble a toy, a few of them sometimes assembled
only some parts of the toy, and nobody only touched the toys
without trying to assemble. Only two children did not try to
assemble one of the toys. None of the five-year-old children
expressed his/her inability to assemble the toy. They exhibited
high concentration or, if the toy was boring for them,
inattention. Finally, three children played at least once with the
toys by themselves, some of them instead preferred simply to
look at the toy, proud of their exhibited ability.
At the age of six, for the toy identification phase, all children
at least once identified the object to assemble. At the beginning
of the assembling phase, the majority of children immediately
assembled the object without looking at the instructions. For
nine children the assembling phase was successful more than
one time (passed all four tests), thanks to the experimenter’s
help; ten children were able to assemble the toy completely by
himself at least once, while two with the help of the
experimenter. Only one child was not able to assemble one toy.
Nobody only assembled some parts of a toy, touched them
without trying to assemble them, or just did not try to assemble
at all. None of the six-year-old children expressed their inability
to assemble the toy, while one child described out loud the
assembling operations while he was making the toy. Finally,
four children played at least once with the toys by themselves,
Table 3.

some of them preferred instead to simply look the toy, proud of
their exhibited ability.
A mixed model has been implemented in order to assess
differences between age group. As reported in Table 3, no
statistically significant differences arose between age groups
during the phase of toy identification. While assembling toy,
statistically significant differences were found between
children at three years old and children at five and six years
old. In the model, adjustment was made for sex.
DISCUSSION
The aim of the study was to assess the interaction of
children at 3, 4, 5, and 6 years of age with small toys to be
assembled in order to study the cognitive, manual and selfesteem development. The main result obtained is that at
these four ages the ability to identify the object to assemble,
the manipulation of the toys, and the children’s verbalizations about their self-esteem on the task consistently
change.
At 3 years, children show difficulties both in identifying
and assembling the toys (e.g., some of them simply prefer
only to touch or move different parts of the toy). During the
years until age six the behaviour changes. At 6 years, in fact,
most of the children are able to identify the object and a lot
of them are able to assemble the toys by themselves, without
adult help. Regarding these data, it is possible to note, during
the years, the increase of cognitive skills (in the toy
identification phase, even if statistical significance is not
reached) and fine motor skills (in the assembling phase).
This result also highlights the different degree of cognitive
complexity of children’s play. The different behaviours
exhibited by different age groups seem to be consistent with the
first two types of play elaborated upon the original Piaget
categories (see [15]), by Smilansky [16]: a) functional play,
simple repetitive activities with or without objects, exercising
already existing schemas (i.e., moving cars); (b) constructive
play, manipulation of objects to construct or to create something
(i.e., putting together plastic blocks to make a train). This last
kind of play involves sensorimotor skills and symbolic
representations [15, 16]. As we found in our sample, Rubin,
Maioni and Hornung [17] underlined that the functional play
appears ontogenetically first in infancy, while constructive play
and other categories of play (such as dramatic play and games
with rules, see [16]) last.
Another consideration that is possible to advance, regards
the last play phase. Three-year-old children, at the end of the

Results from Mixed Effect Model
Toy Identification

Assembling

Estimate

Std. Error

p-Value

Estimate

Std. Error

p-Value

(Intercept)

-0.188

0.620

0.762

-1.251

0.644

0.052

4 year old

1.525

0.823

0.064

0.917

0.722

0.204

5 yrs old

1.785

0.932

0.056

2.732

0.838

0.001

6 yrs old

1.523

0.799

0.057

4.507

1.107

<0.001

sex (male)

0.648

0.633

0.306

1.396

0.620

0.024

Note. Differences between age groups arise at five years old when assembling toys. No differences among age groups have been detected during the phase of toy identification.
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assembling phase, particularly preferred playing with the
toys. In the other ages, 6-year-olds in particular, some
children played with the toys, but others preferred looking at
the toys, with a satisfied expression in achieving their final
result. It is possible to hypothesize that these two different
behaviours reflect, other than the different playing activities
during the ages, also the positive attitude that characterized
the older children and that is fundamental to their increasing
self-esteem. It seems that for the older children, the more
amusing phase is to assemble and not to play with the toy
itself, probably because the toys were very simple objects.
During all phases, the younger children exhibited more
interactions with the experimenter than the older ones. For
example, they often asked an help to construct the toy and
also they exhibited more collaborative behaviours than the 6year-olds, trying to help the experimenter (e.g., giving to her
the instructions, or some parts of the toys) or playing with
her, even if with imitative behaviours. It seems that younger
children need a positive interaction with an adult to have fun
with the toys, while older children enjoy themselves with
less interactive behaviours, focusing themselves more on the
toy. The 6-year-olds exhibit, in fact, more an “I do by
myself” behaviours, reflecting in this age an increasing of
desire of autonomy.
In addition, interesting data was also derived by the
experimenter notes on the children’s verbalizations. A lot of
3 year-old children expressed their inability, saying in the
majority of cases “I’m not able to do this”, while in the other
stages these verbalizations decrease until they almost
disappear by the age of six. Three-year-olds have less
experience with these toys and their motor and cognitive
systems (in particular, the executive functions such as
inhibitory control, working memory, set-shifting) are less
developed than the other ages, and for that reason they could
limit the children’s ability in mental planning [18] and,
consequently, in assembling the toys. The executive
functions in fact encompass abilities needed for goaldirected behavior such as inhibition, planning, strategy
development, persistence, and flexibility of action [19]. In
assembling tasks, first children have to identify the steps
needed to reach a goal that is in the present study the toy
construction, in other words the children must to be able to
plan and develop a strategy. Three-year-old children
probably are not always able to identify these steps (even if
it depends from the type of the toy to assemble and from the
planning request by the task) and for that reasons, they feel
inadequate for the task, whereas the older children, and
particularly the 6-year-olds, feel confident. The older
children probably feel more capable first of all for their more
developed motor and cognitive systems. Secondarily, it is
probably that they also have had similar experiences with
manipulating these types of toys. Even if the experience
factor (on the previous toys that children have assembled) is
not adequately investigated in this study, it is plausible to
assume that it could play an important role in the children’s
self-confidence and self-esteem during these tasks. Some
intriguing considerations could be advanced if further
investigations will analyse the development of the emotional
aspects and self-esteem feelings involved in playing
behaviours.
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Another aspect that emerged in this study and that would
be very interesting to further investigate is the interaction
between the manual and verbal (mental planning) operations.
We found three children at 4 and 5 years of age who, while
they were assembling the toy, described what they were
doing. As we hypothesised, at the age of three, children are
not able to realize an operative “mental program” to
assemble the toy, because, first of all, they probably don’t
have a symbolic representation of the whole toy (according
to Piaget’ assumptions). At the ages of 4-5 they begin to
construct some intuitive mental strategies to reach the final
goal, they start to consider alternative means of solving the
problem and they probably are more able to select the right
approach to reach the final goal. During this mental
planning, some of them need to externalize these operations
in a verbal way. The language involvement in the
manipulation could serve different functions, such as to
simply reflect the mental planning (like a realization of what
they are doing in order to reach the final result), or to pay
more attention to what they are doing (such as the cognitive
system telling the motor system what to do). At 6 years,
these cognitive processes seem to become automatic, and for
that reason the children do not need to explain verbally what
they are doing. In future research, particular attention could
be focused on the understanding of the development of
logical operations during manual activities like that
investigated in this study.
Finally, we think that this study has improved our
knowledge about childhood cognitive and manual
development. The small toys to be assembled that children
usually find marketed with commercial food could be
supposed to be a way to promote the development of
cognitive and manual skills and also feelings of selfconfidence, self-expression and self-esteem. There are still a
lot of aspects to be investigated for future research, one of
these could be the study of the development of children
mental planning abilities during playing activities and, in
particular, the development of the relations existing between
cognitive and manual skills during the toys assembling.
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