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FOREWORD

This report presents the procedures and findings of an

experiment which has been carried out at The National

Swedish Road and Traffic Research Institute (VTI). The

project was financed by The National Swedish Board for

for Consumer Policies and The National Swedish Road

and Traffic Research Institute.

The project is one of a series aimed at providing a

basis for improving traffic safety for children. The

Institute has earlier published several reports dealing

with road safety for children e.g. Restraint Systems

for Children in Cars and Manoeuvrability Performance of

Different Types of Bicycles. Astudy in progress of

how children get to and from preschools and an evalua-

tion of preschool traffic environments is also included

in the present series of studies and will be published

at the end of 1978.

The work with this series is headed by Peter W Arnberg.

In this study Evert Ohlsson has been responsible for

the technical part, Carl Adolf Gstrom for the data

treatment and Anneli Westerberg for the interviews.
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The ability of preschool- and schoolchildren to
manoeuvre their bicycles

by P W Arnberg, E Ohlsson, A Westerberg and C-A Ustrom
The National Swedish Road and Traffic Research

Institute (VTI)

Pack

581 01 LINKUPING

SUMMARY

In order to study which factors are important in child

ren s cycling an experiment with 144 children between

the ages of 5 and 13 was carried out in which skills

in manoeuvring, accelerating and braking were tested.

The tests, conducted at nine separate stations, were

intended to measure behaviour which is actually

occuring in traffic situations, e.g. the ability to

look backwards while cycling. After the tests, each

subject was interviewed about his cycling habits,

attitudes and any accidents he may have had.

The results showed that the age of the children was

the most important factor in determining their cycling

ability. The frequency of their cycling and the design

of their bicycles were highly important as well. The

interviews showed that most of the children started

to cycle at the age of 4 to 5 and that they were using

their bicycles daily. Despite this, it was only the

l3-year olds who could manage all of the tests well.

The children under age 8 performed very poorly in most

 

of the tests, and it is therefore doubtful if these

children should be allowed to cycle in traffic at all.

The children between the ages of 8 and 12 were signi-

ficantly better, especially those who cycled most, and

almost all of the l3-year-olds could manoeuvre a bicycle

acceptably. However, it should be stressed that this

investigation did not study how early children might

be able to cycle with proper training and with a bicycle

more properly adapted to their capability.
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BACKGROUND

Bicycles are, for most children, the most important

means of transportation but they are also used to a

great extent in play activities. Bicycles make it

possible for children to meet their friends, engage

in sports, and so on. Playing with bicycles gives

children training in muscle coordination, balance,

judging distances and speed, etc., all of which later

become very valuable when they, as users of motorbikes,

motorcycles or cars, drive in traffic that has greater

and more dangerous speeds. Children who cycle, however,

expose themselves to great risks, as can be seen from,

among other things, a number of hospital investiga

tions (Craft 1973; Gustavsson 1972; Thorson 1969).

In an earlier review of the literature (Arnberg and

Tydén 1975), it was pointed out that children who use

bicycles with extremely high handlebars and bicycles

with the seat far back (rodeo bicycles) run special

accident risks. It was shown in an experiment at the

National Swedish Road and Traffic Research Institute

(Arnberg and Tydén 1975) that when 11 year olds used

these bicycles, their ability to manoeuvre and main

tain balance was poorer than when they used standard

bicycles. This indicates that the design of children s

bicycles is not primarily intended for safety and that

adapting the design of children s bicycles to the

ability of children to handle them could reduce the-

risks of bicycling.

Even if such changes in design are implemented, bi-

cycling at playgrounds and especially in traffic will

continue to cause many accidents. Sandels (1972)

suggested that children probably manage poorly in

traffic because they are not physically and mentally

mature enough for it. A prerequisite for performing
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well in traffic is that one can handle a cycle so well

that one s attentiOn can be almost wholly devoted to

cars, roads, signals etc.

In order for a child to manoeuvre a bicycle accaptably

it is necessary that:

l. he has reached a certain physical and mental matu-

rity

2. he has practiced bicycling for a certain length of

time and in a certain manner

3. the bicycle is designed for the special needs of

children.

The object of the following research was to provide

basic information on how skills in manoeuvring vary

with age, bicycling habits, and, if possible, bicycle

design. In the experiment, children between the ages

of 5 and 13 participated in manoeuvring and braking

tests with their own bicycles at nine separate test

stations, each involving a different task.

METHOD

Subjects

One hundred and forty-four children between the ages

of 5 and 13, approximately half of them boys and half

girls, took part in the experiment. They all came from

a middle-sized Swedish town of 100 000 inhabitants.

Bicycles

The children used their own bicycles in the experiment.
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Test stations

The subjects were required to ride their bicycles in

a series of tests which were conducted at nine sepa-

rate stations. In these tests, proficiency in skills

related to those necessary for actual traffic situa-

tions was measured. The tests were carried out on an

asphalt surface.

§tation l. Looking backwards while cycling

    

50cm

tSrn

 

 

 

  

 

  

The subject was required to look

two pictures which the experimenter held up,

the first half of the course and

second half. The subject was not

sidelines or to stOp. The number

pictures and cycling errors were
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one on

the other on the

allowed to touch the

of wrongly-judged

recorded.



Station 2. Cycling slowly between two lines

  

 

 

  

10 " iL_ _ 40cm

 

      

 

 

The subject was required to cycle as slowly as possible

between two lines. The length of the course was fifteen

meters. The first five meters were intended to enable

the subject to stabilize his cycling, after which he

was to cycle the remaining ten meters as slowly as

possible. Errors consisted of touching the ground

with a foot or touching the sidelines with the bi-

cycle wheels. The time required for cycling the last

ten meters and the number of errors were recorded.
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Station 3. Cycling between wooden block pairs

  

I 35 cm I

I 30 cm I

25 cma a H
repeated X 2

.200m I

150m

   

j 10 cm 1

 

 

The subject was required to cycle through a series

of ten wooden block pairs which were placed in zigzag

fashion. Errors consisted of touching or omitting any

of the pairs. The number of errors was recorded.

Station 4. Cycling with one hand

 

 

 

 

 

  

 

5
m

 

       

The subject was required to cycle within the sidelines

without touching them, proceeding from A to B with
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with only the left hand on the handlebars, turning

around at B while shifting hands, and returning to

A with only the right hand on the handlebars. The

time required for completing the test and the number

of errors were recorded.

Station 5. Relay cycling

   

1m

 

G)

  

    

The subject was required to move balls (similar to

tennis balls) from one cone to another with one hand.

The ball on the first cone was moved to the second,

the ball on the third cone to the fourth, and so on.

Errors consisted of touching the ground with a foot

or dropping a ball. The time required for completing

the test and the number of errors were recorded.
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Station 6. Cycling through narrow gates

  

The subject was required to cycle in a figure eight

without touching either the lines marking the figure

eight or the three pairs of gate poles which he had

to pass through. The difference between the width of

the handlebar and gate was ten centimeters. The time

required for completing the test and the number of

errors were recorded (see the photograph).

Station 7. Mounting from the left and right

 

«"7r,
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The subject was required to stand and hold onto the

cycle with a straight arm and thereupon quickly mount

and cycle five meters. Mounting from left and right

was measured. Time and errors were measured (see photo

graph).

Station 8. Acceleration test

  

 

40cm

   

 

    

The subject was required to accelerate from a statio

nary position as fast as possible. The bicycle wheels

were not allowed to touch the sidelines. The time

required for completing the test and the number of

errors were recorded. Photo-cell equipment at the end

of the course registered the speed.
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Station 9. Braking test

   

The subject was required to accelerate to a speed of

15 km/h and then, when a buzzer sounded, stop his

bicycle as fast as possible. Special equipment regis-

tered the reaction time and the distance required to

stop.

VTI REPORT NO. 149A



10

Station 10. Measuring and photographing

 

Precise measuring and photographing of the bicycles

and riders took place at this station (see the photo-

graphs).

  

 

 

A boy with a standard cycle (9E)
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Two boys with a rodeo cycle (17B) and a standard cycle

fitted with an elongated seat and upturned high handle-

cars (14B).
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Test procedure

 

Before each test, the subjects were informed about the

aims of the test, the principles for carrying them

out, and the rules which applied to each station. To

control systematic effects such as training and moti

vation, the order of the test stations was randomized

over the subjects. At each station, the subjects cyc-

les the course four times with their own bicycles.

Design of the cycle

Various design details of the children s bicycles

were measured, e.g. the angle of the front fork, the

width of the wheels, and the distance from the seat

to the handlebars. The cycling position of the subject

was registered as well as his size in relation to the

size of the cycle.

Interviews

After the experiment, a prepared questionnaire was

used for interviewing each subject for five to ten

minutes. The questions had a twofold purpose: to

ascertain how the children felt about the difficulty

of the tests at the various stations and to obtain

information about theirexperiences as cyclists in

general, e.g. whether or not they had even been

involved in an accident or near accident, what bi-

cycle habits they had, and what manoeuvers in traffic

they felt were difficult.
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RESULTS

The results were, as one could expect, highly dependent

upon the age of the subject. Except at stations 1 and

8 (looking backwards while cycling and mounting) age

was the main factor in determining how well the child-

ren performed. Age was important at stations 1 and 8,

too, but at station 1 the frequency of the child s

cycling was more important and at station 8 the height

of the handlebars was more important. The frequency

of the child s cycling was, like the child s age, of

significant importance at practically all the test

stations. Other significant factors in the order of

their importance were:

1. height of the frame

2. age when the child began to cycle

3. sex of the child

4. type of seat

5. child s ability to reach the pedals

6. gear ratio

7. angle of the front frame

8. age of the cycle

9. height of the handlebars

The variables of age and frequency of cycling will be

discussed in the presentation of the results compiled

at each test station. The other variables must be

isolated and tested in further experiments before

their significance can be determined (see, e.g. Arn-

berg, et al. 1975). The statistics will be given on

page 41.
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3.1 Station 1. Looking backwards while cycling

For the children aged 8 to 10, frequency of cycling

was of great importance. The half that cycled most

frequently had an average of 1.07 errors while the

other half had an average of 1.64 (significant at the

1% level t-test, Ferguson 1966). Among the younger

children and the older ones, there were no significant

differences attributable to the frequency of their

cycling. In fact, among the 5-to 7-year-olds, the

thirteen children who cycled most often performed

somewhat worse than the others.

No. of errors

  

  

 

    

2.5 -

Looking backwards
while cycling

2 _

1.5 ->

1 -

0.5

1.25 1.02 1.23 1.73 1.40 0.78 0.61 0.60 0.79

0

   

 

  

 

 

 

  

   

 

   

 

 

5 6 7 8 9 1O 11 12 13 age
5 16 16 27 14 17 19 17 12 No.0fChildren

Figure 1. Results in seconds at station 1 for children
aged 5 to 13.
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For children under 9, age was not a major factor in

determining performance. There were even instances of

an increase in the number of errors among the 8-year-

olds, probably because many children switch to a

larger bicycle at that age. The large variation in

performance among the children aged 8 to 9 can also

be explained by the fact that some of the children

switched to larger bicycles at different ages. The

10-year old children began managing the task as well

as adults, i.e. they swayed sometimes when they looked

backwards while cycling but they got a good view of

traffic from the rear (see the figure).

Station 2. Cycling slowly between two lines

 

Differences in age accounted for very marked variations

in scores in this test. The children aged 6 to 7 found

it extremely difficult to cycle slowly and, while

there seemed to be an improvement among the 8-year-olds,

it was only the l3-year-olds who could cycle acceptably

on this course. Except for the ll-year-olds, who made

only 0.62 errors per course trial, differences in the

number of errors between the various age groups were

very small, only about one error per course trial

(see figure).

The design of the bicycle had a significant influence

on the results achieved in this test, e.g. the width

of the handlebars, the type of seat, the angle of the

front fork, and the height of the frame. Which bicycle

design is best, however, cannot be determined from

the data.
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Time in

seconds

28

26 a

24 - Cycling slowly

22-

20-

 

 

             

 

       

694 7.50 8.08 9.96 9.96 10.18 9.19 11.81 21.87

0
5 6 7 8 9 1O 11 12 13 age
5 16 15 28 14 17 19 17 12 No.0f Children

Figure 2. Time in seconds at station 2 for children
aged 5 to 13

Station 3. Cycling between wooden block pairs

The 5-, 6 , and 7-year olds found it very difficult

to manoeuvre their bicycles on this course and had

more than twice as many errors as the older children

(see figure). Those of the youngest children who

cycled least were extremely poor and often made con-

siderably more than ten errors. The oldest children,

however, accomplished the task acceptably.
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No. of errors . .
12 - Cycling between wooden block pairs

n

 
   

4_ l3

7.81 7.63 7.61 3.05 3.05 3.18 3.91 2.95 1.48

 

  

 

    

  

   

  

       

 

 

5 6 7 8 9 1O 11 12 13 age
4 15 16 27 14 17 19 17 12 No.0fchildren

Figure 3. Number of errors at station 3 for children

aged 5 to 13. Only one child among the
S-year-olds managed this test and he had an
average of 8.75 errors.

Station 4. Cycling with one hand

 

The 5 to 7-year olds performed much more poorly than

the other children in this test as well. Most of them

made about seven errors while the older made only

about three. The time results, however, varied less:

28 seconds for the lZ-year olds compared with 32 se-

conds for the 6-year-olds (see figure). The 8 to 10-

year olds who cycled often were significantly better

than the other half of the children in that age-group,

averaging 2.26 errors compared with 3.60 (significant

at the 5% level, t-test Ferguson 1966).
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No. of errors
11 -

One-handed cycling

  

3 I
2 1

  

 

   

 

   

 

       

 

   

1 t l
7.35 6.75 3.49 3.01 2.32 2.79 2.26 1.10

O 6 7 8 9 1O 11 12 13 age
8 11 28 14 17 18 17 12 No. of Children

Figure 4. Number of errors at station 4 for children
aged 5 to 13.

Station 5. Relay cycling

 

The younger children (6- to 7 year-olds) could not

manage this test at all. They often cycled without

even daring to reach for the ball. The older children

often performed well, although there were some at

every age level that had difficulty. Since so many of

the younger children were afraid to release a hand

from the handlebars, it is impossible to determine

their proficiency in the task and consequently the

number of errors is not given.
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Station 6. Cycling through narrow gates

As the age of the children increased, the number of

errors gradually lessened and the speed on the course

gradually increased. The youngest children almost

never succeeded in cycling through the gates without

putting their feet on the ground and walking through.

A certain difference could be observed, however,

between those who cycled often and the others. The

11- to l3-year-olds, on the other hand, performed

very well.

No. of errors

Cycling through gates

2-1

  

 

 

     

 

 

 

   

 

    

 

  

 

  

 

 

2.27 2.61 2.19 1.22 1.19 1.21 0.99 0.97 0.71

0 5 6 7 8 9 10 11 12 13 age
5 16 15 27 12 17 19 17 12 N0. of Children

Figure 5. Number of errors at station 6 for children
aged 5 to 13.
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seconds

12
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10-
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Station 7. Mounting from the left and right

It was considerably more difficult for the children

under age 8 to accomplish this task than for the

older children. They not only required more time but

made more errors as well. Whether they mounted their

bicycles from the left or right, however, appeared to

be unimportant, as was the case with the older child-

ren. How often the children cycled as well as the

design of their bicycles were significant factors in

determining how well they performed in this test.

Mounting
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8.70 7.44 7.70 7.10 5.55 5.84 5.56 5.80 4.90 4.91 5.34 4.76 4.58 4.18 4.52

 

 

10
17

11
19

12
17

13 age
12 No. of children

Figure 6. Times for mounting from the left and right
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§tation 8. Acceleration test

As the age of the children increased, there was a

gradual increase in speed from 13 to 18 km/h on the

ten meters required for acceleration (se figure No. 7)

The number of errors was very small and varied only

slightly among the different age groups.

Km/h
24

22 " Acceleration
20-

 

11.56 13.54 13.44 13.93 14.60 16.42 17.60 17.37 19.64

 

  

 

 

 

  

  

  

 

       

5 6 7 8 9 1O 11 12 13 age
5 16 16 26 14 17 19 17 12 No.0fchildren

Figure 7. Speed in km/h for children aged 5 to 13 who
accelerated ten meters from a stationary
position.

Station 9. Braking test

 

As the age of the children increased, there was a

gradual decrease in their reaction time and distance

required to stop. The 5 to 6-year-olds had great

difficulty in performing this task.

In large measure, the performances of the children
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under age 8, both in reacting and in coming to a

stop, was determined by the frequency of their cycling.

The design of their bicycles considerably affected

the results they achieved in this test as well, e.g.

the type of seat they had and the height of the

frame. When the bicycle was too high for the child

to reach the pedals prOperly, the results in this test

were significantly poorer.

Meter

5 _ Reaction distance

 

 

  

  

 

  

3.96 3.78 3.01 2.69 2.67 2.51 2.62 2.92 2.49

 

 

 

                

 

5 6 7 8 9 1O 11 12 13 age
5 15 13 16 6 16 18 17 12 No. of children

Figure 8. Reaction distance for braking at 15 km/h for
children aged 5 to 13.

VTI REPORT NO. 149A



23

    

 

 

          

 

              

Meter

12 Stopping distance

10 _ J

8- I I I I

6 _ I

4 _

2 _.

9.96 9.82 7.96 7.84 7.73 7.28 7.15 7.67 7.70

O 5 6 7 8 9 10 11 12 13 age

5 15 13 16 6 16 18 17 12 No. of children

Figure 9. Distance required for coming to a stOp at

15 km/h for children aged 5 to 13.
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INTERVIEW RESULTS

Subjects

Of the 144 children who participated in the project,

all but nine, for whom there was not enough time,

were interviewed. Of those interviewed, 67 were boys

and 68 were girls.

Bicycle preferences

The subjects were asked whether or not they were satis-

fied with their own bicycles. The majority (72%)

answered that they were. Those who replied that they

were less than satisfied or not at all satisfied in

dicated that what they wanted most of all was either

a bicycle with gears or a larger bicycle. It was only

boys in this group who wanted a gear-shift bicycle and

then preferably one with three or five gears.

In the opinion of the boys from 7 to 8 years old, a
H Hreally in bicycle was one with extremely high handle-

handlebars, a large back wheel and a small front wheel,

and preferably with gear lever on the frame.

Types of bicycles

 

Of the children who took part in the experiment, all

the girls had bicycles without a tOp tube and all the

boys with the exception of three (two of whom had

mini-bikes) had bicycles with a top tube. The majority

of the boys between the ages of 6 and 10 had narrow,

elongated seats on their bicycles. All the partici-

pants with rodeo bicycles belonged to that group as

well.
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Attitudes towards a unisexual bicycle

 

Many of the children were surprised at being asked

what they thought about a bicycle designed for both

girls and boys. It was something they had not con

sidered. Of the children who answered the question,

most of the girls felt that an unisexual bicycle

should look the way girls s cycles do. Boys bicycles

were thought too difficult and complicated to use.

Only one girl said that she could consider a boy s

cycle. Among the boys, there were many who stated that

they could consider a girl s bicycle but over half of

the group felt that boys should have boys s bicycles.

Some also thought that it was too hard for girls to

ride boys bicycles.

The 12- to 13 year old boys who had large, gear shift

bicycles were among the most negative towards having

a girl s-model bicycle. Theyjustified their opinion

by saying, among other things, that "girls bicycles

are too unsteady to ride". The boys in this group

were not especially interested in mini bicycles either,

except possibly for rally racing. The younger boys

with rodeo and other non standard bicycles were also

highly negative towards having a unisexual bicycle

designed the way girls bicycles presently are. They

felt that girls bicycles were "altogether too easy

to ride" and too boring to play with".

Of the 144 children who participated in the experiment,

only 7 cycled on mini bikes.

What bicycles are used for

The subjects were asked what they used their bicycles

for. The majority of the children from 6 to 10 years
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old answered that they had them to "ride around on"

and at play-

indicated that

in the neighborhood, on bicycle paths,

grounds. The older children, however,

they used their cycles to a greater extent as a means

of transportation to take them to friends, shops,

town, etc.

Bicycles in play-activities

"Are there any play-activities that require a bicycle"

was another question asked. Fifty of the boys and

thirty-four of the girls answered that they usually

played some kind of game requiring a bicycle. The

most usual play-activity among the boys was racing of

different kinds (including rally racing in the woods).

They also played tag games and "Cops and robbers .

Among the girls from 5 to 10 years old, a game called

"horse" dominated, i,e, one pretends that the bicycle

is a horse. "Cops and robbers" and "follow the leader

were examples of other common games. The older girls

answered that they did not play

When they did,

(ll to 13 years old)

with their bicycles very often. it was

primarily in the kinds of tag games described above.

§§_wh§2_age-Ebs_shil§£s9_§§g§e_§9_sy§ls

The ages at which the children began cycling on two-

wheelers varied from 3 to 8. At 4 to 5 years old, 70%

learned how to cycle. No significant difference

between the sexes appeared.
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Figure lO.Ages when the children began cycling on
two-wheelers

Uhsa_§a§_h9w_9£2ea_bisysls§_§£e_2§s§

The subjects were asked how often they cycled to and

from school and how often they used their bicycles in

their leisure time.

The children below fourth grade (younger than ll years

old) did not have permission to cycle to and from

school and day-care centers. In figure llbelow, the

bicycle habits of the children between the ages of

5 and 10 are shown and in figure 12 those of the

children between the ages of ll and 13. Of the children

between ll and 13 years old, 72% cycled to and from

school every day. Those who did not cycle answered

that they walked to school because the distance was

so short.

Of the children between 5 and 10 years old, 3% replied

that they cycled to school every day. They were the

children who had not reached ll years old but whowere

in the fourth grade.
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A comparison between the two groups shows that the

older children used their bicycles more in their

leisure time than the younger children. Of the children

between the ages of ll and 13, 72% cycled every day

compared with 44% of those between the ages of 6 and

10. The answers applied to cycling during the snow-

less part of the year, though several of the children

said that they cycled during the winter as well.

Numb r
of child n
100 -

90 A

80 -
ages 6 10

70

60

5O -

40

30-

20-

O l. . .L
never once once ortwice several times every day

a month a week a week

 

  

  

 

 

  

 

  

El cycled to and from school

[[11 cycled during their leisure time

Figure ll.How often the children aged 6 to 10 cycled
to and from school and how often they
used their bicycles in their leisure time.
N = 88.
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El cycled to and from school

[1]] cycled during their leisure time

Figure 12.How often the children aged 11 to 13 cycled
to and from school and how often they used
their bicycles in their leisure time. N = 47.

9i2i99_l;£§§

Of the 99 participating schoolchildren, 46% answered

that they gave lifts to other children on their bi

cycles once a month or more. Only a few (6%) stated

that they gave lifts every day and these were all 12

to 13 years old. Passengers usually sat on the baggage

carrier. Some of the children who replied that they

never carried passengers said that they had tried but

not could. It has to be noted, according to Swedish

law, that persons under the age of 15 are not allowed

to have any passengers on their bicycle.

929929?

The answers indicated that using the baggage-carrier

was the most common way of transporting baggage by

bicycle. Many of the children also used the handle-
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bars, especially the boys who had elongated seats on

their bicycles, or when transporting fragile things.

Several Children had fallen, however, because a bag

which they were carrying had gotten caught in the

wheels.

Of the pre-school children (aged 5 to 7), approximate-

ly one third answered that they never carried any

baggage.

Eiffisglfls§_ia_sysliaa

The subjects were asked what they feltwas the most

difficult part of cycling. Children aged 5 to 10

indicated that being able to handle the bicycle itself

was the hardest part. Below is a ranking of what the

younger children experienced as the greatest diffi-

culties in cycling.

1. making a turn and turning around. One child put

it this way" "It s hard to know how much you

should turn"

2. keeping one s balance

3. braking at high speeds

4. cycling close to curbs

5. watching out for cars

6. cycling slowly

7. signalling with one s hand

8. looking backwards

9. getting on and off the bicycle
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10. using a bicycle that is too big

ll. cycling between parked and moving cars

These children stated that in their leisure time they

cycled mostly within their immediate neighbourhoods.

(i.e. residential areas with no real traffic). A

number of children aged 9 to 10 stated that they

sometimes CyCled 0n lightly-trafficked ordinary roads

as well. More frequently than the younger children,

they named traffic and cars as the hardest part about

cycling. The children between the ages of ll and 13

cycled to a considerably greater extent outside their

own neighbourhoods.First and foremost, these children

experienced traffic as the most difficult thing about

cycling. Below is a ranking of what they considered

to be difficult:

1. cars that drive too close and too fast

2. heavy traffic

3. lane traffic

4. intersections

5. traffic circles

6. left hand turns

7. wind gusts from large vehicles

8. turning around at high speeds

9. cars that do not signal

10. keeping up with the traffic

ll. remembering what one should do

12. traffic signs
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§l99§

The subjects were asked what kind of shoes they

usually wore when they cycled. Their answers reveal

that sneakers and clogs were the most common shoes

70% replied that

Of the girls,

worn. Of the children interviewed,

they often or always cycled in clogs.

98% wore clogs often or always compared with 44% of

There was no significant difference among

None of the children said that

the boys.

the various ages.

clogs had caused an accident for them but it had

happened that they had lost a clog and had to turn

around to pick it up. One child declared that she

wore clogs when she cycled because she could not reach

the pedals otherwise. Several of the children lost

their clogs during the tests but without causing any

accidents.

Eisysls_§ssi§§22§

Only five of the children interviewed said that they

had been involved in an accident leading to hospitali-

zation. Of those, a girl, when she was four years old,

suffered a forehead laceration needing suturing when

a car hit the back wheel. The other four had had single

accidents. Two had fallen when they tried to cycle over

a side walk curb and injured their faces. Another fell

and injured his forehead when he tried to turn. A 6

year old girl suffered a concussion and was hospitalized

for a few days as a result of falling from her bicycle.

Eelliag

The subjects were asked whether or not they had ever

fallen from their bicycles. The response indicated

that the children often fell from their bicycles; the

majority of them stated that they had fallen down
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many times. Only a few (13%) said that they had never

fallen.

From the interviews, it became apparent that the

children best remembered falling when it happened

recently, within the past few weeks or months. They

remembered the causes of falls that occurred further

back only if the accident had involved some form of

injury.

Below is a ranking of the most common causes of falling

off according to the children aged 5 to lO:

1. turning too violently

2. cycling up or down sidewalk-curbs

3. loosing one s balance

4. cycling too fast

5. skidding or braking too violently

6. hitting a stone, a hole, etc

7. letting go of the handlebars

8. steering the handlebars wrongly

9. getting trousers, shoe-laces etc caught in the

chain

lO. driving into or getting the pedal caught on the

sidewalk curb

ll. hitting or being hit by another bicycle

12. forgetting to brake

A ranking of the most common causes of falling off

according to the children aged ll to 13 reads as

follows:

1. cycling up or down a sidewalk curb

2. hitting or being hit by another bicycle
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3. cycling too fast

4. getting trousers, shoe-laces etc caught in the
chain

5. skidding or braking too violently

6. letting go of the handlebars

7. cycling on slippery or muddy surfaces

8. being forced off the road by playmates

Ibs_§§§§_Ehi99§_§§922_biSYsls§

The subjects were asked what they thought were the best

things about bicycles. In order of rank, they named

the following:

1. you get to your destination faster than otherwise

2. you can go long distances

3. you do not have to walk

4. bicycles are fun

5. bicycles give you something to do

The interviews suggested that, on the whole, bicycles

play a large role in children s lives, not only

practically in providing transportation but also

socially in contributing to relations with other

children and in develOping the virtues of care and

attention that come from owning something that one

values. During the tests, behaviour was revealed that

supported this conclusion, e.g. the children liked to

"sit" at their bicycles and chat with friends even

though it was very uncomfortable for many. The majority

were also relatively careful with their bicycles.
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SUMMARY OF THE RESULTS FROM THE TEST STATIONS

Age was the most important factor in determining how

well a child performed in the various tests, though

the frequency of his cycling and the design of his

bicycle played important roles, too.

The children under age 10 found it difficult to look

backwards while cycling and identify objects which

the experimenter held up. The children under age 13

performed poorly in the test requiring them to cycle

slowly between two lines, even though there was a

gradual improvement with increased age. Cycling between

wooden block pairs was extremely difficult for the

children aged 5 to 7; only the 13 year olds achieved

really good results in this test.

Cycling with one hand, like cycling between wooden

block pairs, was exceedingly difficult for the children

under age 8 and only the 13 year old children managed

it really well. The children over age 8 achieved

relatively good results in relay cycling, mounting and

cycling between gates, and in a figure eight, but

only the children aged 10 to ll could do as well as

adult cyclists. On the whole, the children could mount

their bicycles as well from the left as from the right.

There was a correlation between gradually improved

results and increased age in the acceleration test,

but only when the children reached the age of 10 did

they exceed 15 km/h. The reaction and braking tests

showed that the younger children not only reacted

more slowly than the older children but also that

they found it more difficult to come to a stOp. Most

of the children started to show acceptable results in

this test at age 8 if they had cycled relatively

often earlier.
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In summary, it can be said that it was difficult for

the children under age 8 to manoeuver their bicycles

satisfactorily on any of the test courses. The children

between the ages of 8 and 12 were increasingly better

the older they were and, if they cycled often and had

a good bicycle, they managed the tests relatively

well. At most of the test stations, it was only the

13-year old children who performed the tasks in a

wholly acceptable way. There were, however, individual

variations, even some l3-year olds who were not used

to cycling, performed rather poor in many tests.

DISCUSSION

Validity of the results

 

A relatively large number of children participated in

the experiment but they all came from the same town.

The results from earlier experiments and preliminary

experiments on cycling indicate that the performance

of the children is relatively independent of where

they come from. The sharp differences among the

various age-groups and the gradual improvement with

increased age show that the number of children in

each age group is adequate in preventing random

differences among various children from distorting

the results (with the exception of the 5-year olds).

The results can therefore probably be considered

relatively valid.

Importance of the child s stage of development

Though most of the children who participated in the

experiments startedto cycle on two wheelers when

they were only 4 to 5 years old and cycled several

times a week or every day, it was only the 13-year old
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children who performed acceptably in all the tests.

,Three explanations for this can be offered:

1. Children are not physically and mentally mature

enough to learn how to cycle (see, e.g. Sandels

1972).

2. Though children cycle a great deal they do not

practice the things that are necessary for doing

manoeuvering tests, such as looking backwards

while cycling and the like.

3. Bicycles are so poorly adapted to -the capability

of children that children can never manoeuvre

them well.

The chief result of this experiment is the large

difference in performance among the various age groups.

The results also showed, however, that the cycling

habits of the children and the design of their bicycles

strongly influenced their performance.

In earlier experiments (Arnberg et al. 1975) specific

design components of certain bicycles were varied

under controlled conditions and the alterations in

design caused very marked effects. Further experiments

in which the design components of certain bicycles

are varied in a similar way must be carried out in

order to show the importance of design and to give

ideas on how children s bicycles should ideally be

constructed.

The significance of the way in which the children

learned how to cycle cannot be determined from this

experiment because there was no actual systematic

training, although the different cycling habits of

the children provide a certain possibility for studying

training effects. Within other areas, it has been
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shown that a meticulously worked-out training program

can give totally unexpected and very much improved

performance results for children (see e.g. Rydberg

and Arnberg, 1976).

It is necessary to continue experiments in which the

design components of bicycles as well as the effects

of different learning methods are studied in order to

further clarify the relation between performance and

development of the child. This report has only given

some ideas of how children function now.

Bicycle construction and the adaptation to the user

Since small children cannot manage various moments of

the cycling tasks tested, it is natural to question

if not the result partly depends on the construction

of the bicycle. Perhaps the child bicycle should not

be designed as a scaled down grown-up bicycle - as

today - but adapted more organicly to the child. It

is not only a question of obvious things as relative

position of saddle, handle-bars and pedals in propor-

tion to the size of the child but also of other factors

important for the cycling, such as caster, wheel base,

gearing etc. Furthermore, it is possible that for

children the usual pedal brake is not the best technical

solution of the problem of rapidly stopping a bicycle.

No investigation of these questions has been found in

the literature survey. However, certain material has

been collected in connection with the present investiga-

tion and that material could constitute the starting

point for a coming analysis.

Many children in the experiment had poorly designed

bicycles. The most common fault was that the bicycle

was either too big or too small. During the interviews

the children indicated that they were just as satisfied
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with second-hand bicycles as with new ones apart

differences in equipment as gears etc. A more frequent

exchange of bicycle may therefore often be possible

without buying new bicycles to the children. With such

a procedure the costs will not be noticably higher

than with one bicycle during a long time, but the

security of the child would be very much better.

It is likely that a bicycle with uniform frame for

girls and boys can be introduced without too much

Opposition which would further facilitate changing

bicycles often, by making it possible for brothers,

sisters and friends to inherit and get one another's

bicycles.

Such a frame would probably be something between the

present existing main types since, from designing

point of view, the best alternative - the girl's

bicycle frame with the stability of the boy's bi

cycle frame is considerably heavier. It should be the

ambition to achieve a uniform frame also for bicycles

for grown-ups.

In this experiment many children had rodeo bicycles

and wrongly designed handle-bars, which in itself

proves that the biCycle was a toy, making it unnecess-

arily hard to handle in traffic. These bicycles should

be classified for what they are, namely toys, and they

should not be used on traficated roads and cycle

tracks.

Also among the conventional bicycles problems occurred

that indicated certain lacks in the construction. These

might be corrected relatively easy.

For instance, the nowadays commonlever locks should

be equipped with a spring-device that automatically

holds the lock open when the bicycle has been unlocked.
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As it is now, the locking-bar can, at least on certain

types of locks, involuntarily block the back wheel

during the drive if by mistake the bar is left not

locked in open position.

Furthermore, the bicycle generator should, for safety

reasons, be constructed with a switch mechanism that

cannot and is not intended to be manoeuvred by the

foot during the drive. However, it is hardly necessary

to complicate it to be a control device on the handle

bar.

Further on, the lighting outfit should be entirely

redesigned; the conventional bicycle generator is not

working well in slush and ice.

There are two-geared bicycles on which the gear is

shifted by a litht pedaling backwards on the same

pedals which are used for cycling forward and braking.

This is a bad technical solution that even can be a

certain risk of road safety, for instance if, after

braking, the cyclist rapidly has to pedal out of a

critical situation and then involuntarily has got the

high-gear in.

A chain is used in the transmission system of nearly

every bicycle. The cyclist is prevented from hurting

himself or his clothes on the chain by a chain guard

of some kind. The interview investigation indicated,

however, that the guard is not always functioning

satisfactorily from the safety point of view, since

trousers, shoe-laces etc can get caught in the chain.

Furthermore, the chain is a machine element with

hundreds of bearing points, needing to be greased and

protected from water and dirt, if the chain shall

function well and for a long time. A totally covering

chain guard can therefore be looked upon as an impor

tant desire.
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STATISTICAL ANALYSIS

The Statistical Analysis System (SAS, Sall et al.,l975)

was used for the analysis.

In order to control for training effects only the first

four trails per S per track were used. The mean number

of errors and the mean time speed and distance were

found for each track. The different error types were

added without weighting and interrupted trails were

noted separately.

The SAS stepwise linear regression model was used to

compute the correlation between each field measure

(errors, speed etc) and the interview data. A maximum

of 5 variables was assumed for these calculations. The

results are presented below.

 

 

Type of measure Track R-sguare

Errors 1 22.9

Time 2 41.3

Errors 3 34.5

" 4 40.1

Time 4 28.9

Errors 6 23.6

Time left 7 45.7

right 7 42.2

Speed 8. 52.8

Reaction distance 9 17.0

Stopping " 9 18.9
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