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ABSTRCT: This paper proposes the method to extract the 
friendship relations of children by using motion sensors. 
Children learn to fit into society through living in a group, 
and it’s greatly influenced by their friend relations. Although 
preschool teachers need to observe them to assist in the 
growth of children’s social progress and support the develop-
ment each child’s personality, only experienced teachers can 
watch over children while providing high-quality guidance. 
To resolve the problem, this paper proposes a mathematical 
and objective method that assists teachers with observa-
tion. It uses numerical data of activity level recorded by 
pedometers, and the authors make tree diagram called 
dendrogram based on hierarchical clustering with recorded 
activity level. Also, the authors calculate children’s “breadth” 
and “depth” of friend relations by using more than one den-
drogram. When the authors record children’s activity level 
in a certain kindergarten for two months and evaluated the 
proposed method, the results usually coincide with remarks 
of teachers about the children. 
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1. Introduction

In nursery schools and kindergartens, children learn to fit into 
society through living in a group, and it’s greatly influenced 
by their friend relations. Although preschool teachers need to 
observe them to assist in the growth of children’s social progress 
and support the development each child’s personality, only 
experienced teachers can watch over children while providing 
high-quality guidance.

Especially, another issue is becoming a pressure for the 
unskilled preschool teachers, Children with Special Needs, 
who cannot form good friend relation, in spite of that his/her 

development level of intelligence is average1. The preschool 
teachers have to find the child with special need in the early 
stage of the development, and to deal with the child in a proper 
manner. However, this is very hard task for young and develop-
ing preschool teachers.

In the previous study [1], the authors demonstrated a new 
approach to analyse friend relations by using activity level, 
recorded by pedometers, and tree diagrams called dendrogram 
based on hierarchical clustering. The pedometer detects child 
activity once every two minutes. For instance, let’s assume that 
children play vigorously in the kindergarten yard for 20 minutes. 
The number of data is just 10 points and too small for clustering 
calculation. Thus, the proposed method should be applied for 
over one day period. The two minutes interval is not adequate 
for the detail analysis.

Thus, this paper proposes a new approach to obtain more 
accurate and detailed behaviour of the children by using new 
pedometers, detecting child activity once every four seconds. 
The proposed method finally clarifies “breadth” and “depth” of 
friend relations. The following Section 1 shows why the friend 
relation is important in early childhood education. Section 2 
shows a conventional approach and its limitation. Section 3 
proposes a new approach and the experimental evaluation is 
demonstrated in Section 4. Section 5 concludes this paper.

2. Importance of Friend Relation in Early Childhood 
Education

Children learn to fit into society through living in a group, 
and it’s greatly influenced by their friend relations. A famous 
psychologist Mildred Parten [2] showed the following four 
categories of children’s social play:

1. Solitary play: It is the lowest level of social play. The child 
plays alone and independently even if surrounded by other 
children.

2. Parallel play: The child plays independently at the same 
activity, at the same time, and in the same place.

1The children with special needs include 1) unique character or llegal condition 
at his/her home, 2) Autism-Asperger syndrome, 3) LD-Learning Disability, 
4) ADHD-Attention Deficit Hyperactivity Disorder. A Japanese Government 
survey in 2002 says that 6.3% of children is this type of children with special 
needs in Japanese elementary schools and junior high schools.
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3. Associate play: It is described as a common among three- 
and especially four-year-olds’ play. The child is still focused 
on a separate activity but there is a considerable amount of 
sharing, lending, taking turns, and attending to the activities 
of one’s peers;
and

4. Cooperative play: It is described as a high level of play that 
represents the child’s social and cognitive maturity.

Parten’s categories has been frequently referred to for long time. 
This theory is in excellent agreement with the real friend relation. 
However, friend relation does not always change  in accordance 
with the Parten’s theory. Child development depends on

the internal conditions (character, intelligence development 
stage) and external conditions (toys, influence of preschool 
teachers). Thus, preschool teachers have to read out dynamic 
change of friend relation and to support the development of 
each child in her/his daily nursery.

One 3,4 or 5 years old class is composed of up to 30 children in 
Japan. On the other hand, the competition among preschools 
is very severe, because the Japanese birth rate is very low and 
the number of children is decreasing. Thus, most preschool 
teachers work in irregular employment agreement and the her/
his work experience is usually less than three years for payroll 
reducing2. It is very difficult for these developing preschool 
teachers to grasp friend relations in the class.

3. Conventional Approach and Its Limitations

3.1 Conventional Approach
From the above viewpoint, the authors proposed an approach that 
uses numerical data of activity level [1] recorded by pedometers, 
and the authors make tree diagram called dendrogram based 
on hierarchical clustering with recorded activity level. Figure 
1 shows the pedometer and its fixing point. The pedometer is 
“Lifecorder Ex” [3], manufactured by Suzuken Corp [4]. The 
proposed conventional procedure is as the following.

1. Each child wears his/her pedometer in the morning. The pe-
dometer is collected in the departure for home. This pedometer 
reports the activity once every two minutes. The activity score 
is integer and from zero to nine. 

2. The activity data is saved on PC. The activity data is a kind 
of vector. The vectors are clustered [6] by using Ward Method 
and the distance is Euclidean Distance.

3. From the above clustering result, the friend relation and child 
with special need are extracted.

3.2 Limitations of Conventional Approach
This conventional approach, however, has the following 
limitations. First limitation is the number of measured data. Let’s 
assume that a child makes a stay of six hours, from nine o’clock 
AM to three o’clock PM, at his/her kindergarten. The number of 
elements in the measured vector is 180. This interval includes 
morning assembly, gymnastics hour, lunch time, taking a nap, 
free playing, etc. There are many kinds of child-care efforts 
and most of them are not adequate for friend relation analysis. 
Free playing is suitable for relation analysis. However, the free 
playing is short and only a fraction of the total six hours data. 
The clustering result is not accurate.

2Japanese labour law prohibits that the length of irregular employment is more 
than three years. On the other hand, at least five years experience is required 
for preschool teacher growing-up

The second limitation is Euclidean Distance. Let’s assume 
that Child A acts one action. The movement is vigorous. 
On the other hand, another Child B acts the same action. 
However, the movement is quiet. In this case, the distance 
of two vectors is large, in spite of that Child A and Child 
B enjoy the same action. This phenomenon is a limitation 
of conventional approach. On the other hand, Euclidean 
Distance may be suitable for the detection of “child with 
special need.” Because, the fact that only he/she is quiet 
in the vigorous group, is meaningful for the child with 
special need.

4. Proposed Method

4.1 Outline of Proposed Method
The authors employed a new Lifecorder EX pedometer 
manufactured by Suzuken Corp., detecting activity level once 
every four seconds. This increases the data density by 30-fold. 
Thus, we can extract pure “free playing” interval from the all-day 
data for friend relation analysis. Also, this paper proposes a 
new approach to figure out “depth” and “width” of child relation 
by several days’ data. The outline of the proposed method is 
shown as the following. The details of Step 2, Step 3, and Step 
4 are described in the following subsections.

Step 1: Activity Measurement: Each child wears each pedom-
eter. The measured data are copied into PC.

Step 2: Clock Adjustment: Clock time of all pedometer are 
aligned.

Step 3: Data Extraction: Free playing interval data are ex-
tracted.

Step 4: Clustering: Friend relation is calculated from the ex-
tracted data by using clustering algorithm.

Step 5: Depth and Width: Depth and width are obtained from 
the several days’ analysis. The definition of depth and width is 
mentioned in the later subsection.

4.2 STEP2: Clock Adjustment
The clock of the pedometer is not accurate. Before the activity 
measurement, the accuracy was confirmed. The worst one 
delayed eight seconds for five days. This error cannot be 
negligible.

To solve the problem, all pedometer were put into a basket 
and the basket was swung several times before the data mea-
surement. This illegal activity datum peaks were detected and 
temporal axis of each pedometer data are adjusted. As the 
result, the error of one day is under 0.5 second.

Figure 1. Pedometer and Fixing Point
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4.3 STEP3: Data Extraction
Figure 2 shows activity data for nine children, from 9:00am 
to 10:00am, of a kindergarten in Osaka, Japan3. The vertical 
axis shows activity level and the horizontal axis shows time 
advance. As shown in Fig. 2, nine activity data have similar 
values from 9:20am to 9:30am. This time interval is morning 
assembly, including preschool teacher’s speech and running 
in the kindergarten yard. On the other hand, nine activity 
data break apart in the interval from 9:35am to 10:10am. 
This interval is “free playing.” Figure 3 and figure 4 are the 
“zoom-up” of the parts of figure 2 folded by red and blue 
rectangles. It is obvious that in “gymnastic time” (see figure 
3), almost all children have similar activities. On the other 
hand, in “free-playing” time (see figure 4), they have different 
activity patterns. The authors suppose that this free playing 
interval is preferable for extracting the friend relations in 
this paper. The “free playing’’ part is extracted with visual 
observation in the kindergarten. The extracted data are 
applied to the clustering step.

4.4 STEP4: Clusterring
The clustering step consists of the following two sub-steps. 
1) Smoothing: To avoid the influence of clock error or noise 
of the pedometer, the moving average is adopted. Figure 5 
shows the effect of the smoothing. The interval of moving 
average is 20, 40, 60 sec. respectively from the second top of 
the Figure 5. The top is original activity data. Experimentally, 
the moving average 20 seconds was employed in this 
research. 2) Clustering: Hierarchical clustering with recorded 
activity and Pearson’s product-moment correlation coefficient 
are employed. One dendrogram is generated by for one 
“free playing.” As mentioned later, the authors observation 
for two weeks. 

There are mainly two kinds in clustering method. One is a 
partitioning clustering and the other is hierarchical clustering. 
We have adopted the hierarchical clustering method based on 
the following features of it.

Hierarchical clustering provides not only the clustering • 
result but also the process of cluster construction. Cluster 
construction process visualises how the clusters are build 
from what elements by dendrogram. Therefore, it is suitable 
to interpret the structure of grouping in the children from the 
clustering result.

3The number of children of this class is about 30. This figure shows a part 
of all data.

Partitioning clustering method usually requires the number • 
of clusters before performing the clustering. But It is not easy 
to define the number of clusters before clustering. On the 
other hand, hierarchical clustering method does not require 
the number of clusters beforehand.

Partitioning clustering is suitable for the large amount of • 
samples such as marketing. Hierarchical clustering, on 
the other hand, is suitable for relatively small number of 
samples.

5. Experimental Results

5.1 Outline of Experiment
To verify the effectiveness of the proposed method, the authors 
hade the following social experiment. The visual observation 
records are written everyday by students.

Kindergarten: A kindergarten in Osaka, Japan.

Period: From 11th, Sept. to 26th, Sept., 2007

From 22nd, Oct., to 2nd, Nov., 2007(28 days in total).

Class: 29 members, Five years old

Figure 5. Smoothing Effects by Moving Average (Top one is original)

Figure 2. Activity data of ”gymnastic” time

(Fig. 3)  (Fig. 4)
Figure 3. Activity data of “Gymnastic time” Figure 4. Activity data 
of “Free playing”



 Journal of Digital Information Management  Volume  8  Number  4  August  2010 273

5.2 Clustering Results
Figure 6 shows a clustering result by using Ward method and 
activity record on 2nd, Nov., 2007. Also, figure 7 shows the 
result by using Nearest Neighbour method for the same data. 
The statistical package R [5] is employed for the calculation. 
The Ward method minimizes the increase of sum of squares 
in each group. Ward method is robust and suitable for group 
making. It is said that the nearest neighbour method usually 
generates long chain-like clusters. To evaluate the influence of 
the clustering algorithm, these two typical clustering algorithms 
are employed in this research.

In Fig.6 and Fig. 7, movement of children A08 and A22 are 
very similar each other. The preschool teacher says that child 
A08 is a candidate of “child with special need” and child A22 
is very interested in the A08 and follow A08. However, the 
authors in engineering background, having no expertise skills 
in the nursery domain, could not recognize that the A08 is a 
candidate of child with special need. The dendrogram and the 
observation of the preschool correspond with each other for 
the other children.

There is a difference between the results of Figs.6 and 7. In 
Fig. 6, there are many average sized cluster in the dendrogram. 
This is typical result of Ward Method. Ward Method is suitable 

for grouping analysis. There is only one big cluster in the near-
est neighbour method dendrogram, shown in Fig. 7. Nearest 
neighbour method clarifies who is far from the other children. 
The method is suitable for child with special need.

5.3 Analysis of Depth and Width
It was clarified that the clustering result is a good information 
to observe friend relation in a class. However, the results 
possess lower reliability if one day is analysed. Thus, in this 
subsection, we discusses a new concept Depth and Width. 
Depth evaluates how deep one child has companionship with 
the other children. Also, Width represents how wide one child 
has companionship with the other children. Concretely, the 
following steps are employed.

Step1: Dendrogram Generation: Let children wear each pe-
dometer for a long time, such as one month, and dendrograms 
are generated for each free playing.

Step2: Grouping: Each dendrogram is divided into eight clus-
ters. The number eight is calculated from the Parten’s theory. 
Paten says that infant children finally make a three or four 
members group. The total number of 30 children are divided 
into eight groups. Three or four is the result of division.

Step3: Counting: Let Kj be an infant, where j=0,1,2,…,n, and n 
be the number of children in the class. Let’s denote that p(Ki,Kj) 
is a combination infants i and j, where i and j are note equal. 
For instance, p(A08, A22) is a pair for children A08 and A22. 
For each i, (i=1,2,…,n), make all p(Ki,Kj), where j=1,2,…,i-1-
,i+1,…,n. Count the number Counti for each i, where the initial 
value of Counti=0 and Counti=Counti+1 when p(Ki,Kj) are in the 
same cluster in each divided dendrogram of Step2 for all “free 
playing” intervals in one month.

Step4: Calculation of Depth and Width: Calculate the Depth 
and Width as follows.

Width: Median of all Counti for each i=1,2,…,n. If the median is 
large, the child is always in large groups. On the other hand, 
the median is small, the child spend his/her preschool life in a 
small group, having small number of children in the group.

Depth: Maximum value in all Counti for each i=1,2,…,n. If 
this maximum value is large, this children always spend with 
a specific child or specific children. The specific children act 
always together in group.

5.4 Analysis and Discussion
Figures 8 and 9 show the result for the observation from 22nd, 
Oct. to 2nd, Nov. In these figures, triangle shows male child, and 
circle shows female child. The horizontal axis is Width of the 
friend relation. Children in the right hand side of these figures 
have many friends. Children in the upper side have specific 
friends and they always act together.

As mentioned before, A08 is a candidate of child with special 
need. Figure 8 shows that A08 has small number of friend. 
However, Figure 9 shows that A08 is not a child with special 
need now. The A08 child spends much time with her friend. She 
may be a gentle child. The preschool teacher never handles her 
as a child with special need. The preschool teacher supports 
her development in the daily life.

Children A01 and A26 are plotted in the right hand and upper area 
In Fig. 8. The preschool teacher says that they are not leaders, 
but fair-haired boys. Figure 9 shows that the preschool teacher 
have to pay the attention to the children A29,A23, and A24. 
Child A29 is a new classmate, and child A23 usually play alone. 
A24 always chase after the preschool teachers. Also, preschool 

Figure 6. A Dendrogram in Free Playing 
(Five years old, Ward Method)

Figure 7. A Dendrogram in Free Playing  
(Five years old, Nearest Neighbour Method)
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teacher says that children A02,A20, and A10 are “good (problem 
free)” children having deep and wide friend relation.

Figure 8 shows that children of this class can be divided into 
the following four types.

Isolated: He/she has narrow friend relations. These children 
are plotted in the left hand and lower area in the figures. There 
are two types of children: one is a child with special need and 
one likes solitary play. The preschool teacher never misread 
solo playing child as a child with special need.

Social Community: The relation is rather shallow. However, 
he/she has many friend, and is plotted on the right hand side 
of the Fig. 8.

Intimacy: These children are plotted in the upper and left hand 
area of the Fig.8. They have small number of friends, however, 
the relation is deep.

Mixed: They have deep and wide relation. They are plotted in 
the right hand and upper area of the Fig.8.

6. Conclusion

This paper has proposed a new approach to grasp friend 
relation in the kindergartens or nursery schools by using 
pedometers and hierarchical clustering. The authors have the 
social experiment at a kindergarten in Osaka for four weeks, 
Japan. The class is a five years old class and the total number 
of children was about 30.

The obtained dendrogram and the human observation have 
good agreement with. Also, this paper has proposed a 
calculation method of the depth an width of child fried rela-
tion by using the dendrograms. This results figure out the 
tendency of friend relation of the children in the class. Also, 
these results have good agreement with the observation of 
expertised preschool teacher. Finally, the proposed can be 
applied to support young and not-enough skilled preschool 
teacher.

The automatic segmentation method converts the accelera-
tion data into frequency spectrum by wavelet transformation. 
Next, this method calculates the non-degree of similarity of 
children’s activity. Finally, this method detects the time when 
the children’s group activity changes and divides time series 
into each group activity. The classification method classifies 
the divided acceleration data into six group activities from 
five features. 
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