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Fifty-one subjects each performed two trials which con-

sisted of traversing a horizontal ladder. Film records were

made of each trial using a high-speed camera. Absolute and

relative temporal and kinematic parameters were obtained from

the film records. The conclusions were that there was no age

related interaction or differences in preferred rung spacing

or contact/airborne times. A Chi-Square analysis did show

a preference for a specific gait pattern for the six year

old age group.



TABLE OF CONTENTS

Page
LIST OF TABLES............................ . ........ ie

LIST OF ILLUSTRATIONS...............................v

Chapter

I. INTRODUCTION.................. . .......... 1

Purpose of the study
Delimitations of the study
Limitations of the study
Definition of terms

II. REVIEW OF LITERATURE...................... 7

III. PROCEDURES.......................... ....... 13

Subjects
Instrumentation
Testing procedures
Statistic Analysis

IV. RESULTS ..o.o.o................... ........ 17

Subjects
Results

V. SUMMARY AND CONCLUSIONS .......... ......... 26

Introduction
Procedures
Results and discussion
Recommendations

APPENDIX............................................. 31

BIBLIOGRAPHY..-....-................... ........... 36

iii



LIST OF TABLES

Table Page

I. Gait patterns Used During Each Trial........... 18

II. Summary Table for the Chi-Square Analysis
Conducted on the Gaits Adopted by Each
Age Group............................. 20

III. Gait Changes Between Trials .,............... 21

IV. Mean Preferred Spacing Between Consecutive
Handholds ................... . ............ 22

V. Absolute and Relative Airborne and Contact
Times...................................24

VI. Relative Airborne and Contact Times for
Each of the Consistent Gait Patterns ....... 25

iv



LIST OF ILLUSTRATIONS

Figure

1. Schematic of the Experimental Set-up.......... 15

V

Page



CHAPTER I

INTRODUCTION

The interest in early childhood motor development has

produced scientific investigations into the area of play

development. The importance of motor development to early

childhood education is readily apparent to anyone who has

observed young children (Engstrom, 1971). Halverson,

Roberton and Harper (1977) stated that "mastery of motor

tasks occupies much of the young child's day and may even

give him his first feelings of success or frustration,

feelings some believe may affect his later confidence in

other areas."

The most frequent measure of motor development has been

a change in an achievement score. This has been particularly

true for children beyond the age of two years. Changes in

motor responses have been summarized with phrases such as

"the movement is more mature" or "more coordinated" (Halverson,

et. al, 1977). Physiological capabilities and movement

pattern preferences while moving on various apparatus have

received little scientific attention. It is believed that

such information would add to an understanding of playground

safety and the physical and movement characteristics of

children (Gabbard & Patterson, 1980).
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A common item of playground equipment is the horizontal

ladder. Morris (1955) stated that "the horizontal overhead

ladder, aside from being one of the most prevalent and

frequently utilized pieces of playground apparatus, has been

shown to be an excellent tool for the development of upper

body strength and endurance." One of the activities of

children who use the horizontal ladder is to traverse the

equipment using only the upper limbs for support and hori-

zontal propulsion. Some information concerning the gait

patterns used by children during this activity has been pro-

vided by Gabbard and Patterson (1981).

An examination of children's play equipment reveals the

existence of a considerable variety of commercially available

horizontal ladders. It would also appear that no attempts

have been made to design the equipment in accordance with the

abilities of the users. It is therefore possible that the

dimensions of the apparatus might be unsuitable or even

potentially dangerous for some users. Gross mismatches bet-

ween the preferred movement patterns of the users and the

physical dimensions of the apparatus could result in acci-

dents, which due to the elevation of the users would likely

be of serious nature (HIA Hazard Analysis Report, 1979).

The incidence of accidents involving playground climb-

ing apparatus was reported in a survey of the United States

Comsumer Product Safety Commission (1979). Injuries asso-

ciated with public playground equipment resulted in an
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estimated 93,000 emergency room visits in 1977. Seventy-two

per cent of these public playground equipment related in-

juries resulted from falls. Over three-fourths of the

reported injuries involved children under ten years of age.

Factors cited in falls were slipping, losing grip and loss

of balance. Play characteristics noted in climbing apparatus

accidents were swinging from rung to rung, climbing, stunting

and jumping on or from the bars. Hazard Analysis (April,

1975) reported that on the Consumer Product Hazard Index for

July 1, 1972 through June 30, 1973, playground equipment

ranked as the eighth most hazardous product. Between 1973

and 1977 a total of seven deaths resulted from falls from

climbing apparatus.

Considering the common and varied uses of playground

horizontal ladders, the diversity of equipment design, the

range of abilities and physical characteristics of the users

and the potential for accidents, it is somewhat surprising

to find that little attention has been directed toward a

scientific analysis of children's horizontal traverse per-

formances.

Purpose of the Study

The purpose of this study was to determine horizontal

ladder traverse gait patterns and preferred rung spacings

used by different aged children.
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Delimitations of the Study

The delimitations in the analysis of children's hori-

zontal ladder traverse gait patterns and preferred rung

spacings included the following:

1. Fifty-one male and female children were used as

subjects.

2. Subject's ages ranged from six to eleven years.

3. The gait patterns and preferred rung spacings were

evaluated on the basis of two trials for each

subject.

Limitation of the Study

The limitations in the analysis of the horizontal ladder

traverses included the following:

1. Normal cinematographical analysis limitations were

recognized.

2. The anatomical reference points necessary to make

various computations were estimates for approxi-

mating the actual locations.

3. The assumption was made that each subject's movements

occurred in a single plane perpendicular to the

optical axis of a single camera.

Definition of Terms

The following definitions are presented to clarify terms

that appear in the text and might be ambiguous:
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Rung Spacing - The linear distance between the geometric

centers of two adjacent ladder rungs.

Phase - A part of a horizontal ladder traverse that has

a distinct beginning and end.

Right (left) hand contact phase - That period of a hori-

zontal ladder traverse during which the right (left) hand is

in contact with a ladder rung. Each gait cycle contains a

right hand contact phase and a left hand contact phase.

Right (left) hand airborne phase - That period of a hori-

zontal ladder traverse during which the right (left) hand is

not in contact with a ladder rung. Each gait cycle contains

a right hand airborne phase and a left hand airborne phase.

Gait Pattern - The particular sequence of limb movements

used by an animal during locomotion.
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CHAPTER II

REVIEW OF LITERATURE

A review of related literature revealed that some attempts

have been made to examine the motor development of children.

There also appears to be an increasing interest in the effects

of the environment, particularly equipment and play items, in

determining motor behavior in children.

Many theoretical as well as emperical reports have ap-

peared in the literature concerning motor development (Garrett

& Widule, 1971; Halverson, Roberton, Safrit & Roberts, 1977).

For example, some authors have attempted to explain the

development of newly acquired motor patterns in children

(Langendorfer, 1980; Roberton, 1978). Concurrent with the

concern for further documentation of motor patterns is a

growing interest in the effects that the environment can have

in eliciting and determining motor behavior (Bruya & Buchanan,

1978; Halverson, Roberton & Harper, 1973; Herkowitz, 1977).

However, it is only recently that attention has been directed

toward this specific child/equipment interaction (Bruya, 1981;

Gabbard & Patterson, 1980; Kaufman & Ridenhour, 1977; McIntyre,

Bruya, Eubanks & Jackson, 1982).

A common item of playground equipment is the horizontal

ladder. For those children who use a horizontal ladder one

7
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activity is to traverse the equipment using only the upper

limbs for support and horizontal propulsion. The unique role

of the upper limbs distinguishes it from all other terrestrial

locomotive movements. Hutinger (1954) found that the hori-

zontal ladder is an effective apparatus for increasing the

strength of third grade children. This study was conducted

using two groups of third grade children. The children were

given six tests of strength at the beginning and the end of a

three month period. The experimental group performed the

following exercises during the first ten minutes of each

physical education period: 1) maximum number of push-ups for

a duration of one minute, 2) maximum number of pull-ups, 3)

a horizontal traverse followed by ten cycles of a bicycle

pedalling motion of the legs while hanging from the last rail

of the ladder. The control group was not permitted to use the

horizontal ladder during physical education classes. Sta-

tistically significant gains in strength were recorded for the

experimental group. Morris (1955) also determined that the

horizontal overhead ladder was an excellent tool for the

development of upper body strength and endurance for children

who were in the primary grades.

Gabbard and Patterson (1981) examined the movement of

children on a horizontal ladder. The age of the children was

four to nine years. The results of the study indicated that

few of the children in both the six and seven year old groups

were incapable of moving across a horizontal ladder. The
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authors determined that ten per cent of the children in the

six and seven year old groups were unable to support their

body weight while reaching for the second ladder rung. Al-

though no explanation was given, the possibility existed that

the children in these age groups possessed insufficient

strength to support their body weight with one arm, that the

rung spacing was such that the children could not produce

sufficient propulsion to propel their bodies to the next rung

or that the rung spacing was too extreme.

An examination of children's play equipment reveals the

existence of a considerable variety of commerically available

horizontal ladders. It would also appear that no attempts

have been made to design the equipment in accordance with the

abilities of the users. It is therefore entirely possible

that the dimensions of the apparatus might be unsuitable or

even potentially dangerous for some users. Gross mismatches

between the preferred movement patterns of the users and the

physical dimensions of the apparatus could result in acci-

dents, which due to the elevation of the equipment would

likely be of serious nature.

The incidence of accidents involving playground climbing

apparatus was reported in a survey of the United States

Consumer Product Safety Commission (1978). Injuries asso-

ciated with public playground equipment resulted in an

estimated 93,000 emergency room visits in 1977. Seventy-two

per cent of these public playground equipment related injuries
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resulted from falls. Over three-fourths of the reported in-

juries involved children under ten years of age. Factors

cited in falls were slipping, losing grip and loss of balance.

Play characteristics noted in climbing apparatus accidents

were swinging from rung to rung, climbing, stunting and

jumping on or from the bars. Hazard Analysis (April, 1975)

reports that in the Consumer Product Hazard Index for July 1,

1972 through June 30, 1973, playground equipment was ranked

as the eighth most hazardous product.

In summary, a review of the related literature revealed

that only one previous attempt has been made to examine the

motor patterns used during horizontal ladder traverses. Con-

sidering the common and varied uses of playground horizontal

ladders, the diversity of equiptment design, the range of

abilities and physical characteristics of the users and the

potential for accidents, it is somewhat surprising to find

that little attention has been directed toward a scientific

analysis of children's horizontal ladder traverse performances.
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CHAPTER III

PROCEDURES

The purpose of this study was to determine the horizontal

ladder traverse gait patterns and preferred rung spacings used

by children of different ages.

Subjects

Fifty-one male and female children were assigned to one

of six groups according to their age. The groups were com-

prised of children whose ages were six years, seven years,

eight years, nine years, ten and eleven years. These subjects

were randomly selected from a group of children who par-

ticipated in a youth sports program.

Instrumentation

The Horizontal Ladder

The horizontal ladder used during the testing sessions

was of wooden construction and firmly secured to two metal

stands, one on each end. The ladder was elevated so that

only the hands were used for support and propulsion. The

spacing between adjacent rungs was set at 0.203 meters.

Cinematographical Instrumentation

A high-speed 16mm motion picture camera (Teledyne

Camera Systems, model DBM-54) was used to obtain film records

of each trial. The camera was positioned 1.5 meters above

13
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ground level and the optical axis directed towards the right

lateral side of each subject. Leveling techniques were used

to ensure that the optical axis of the camera was directed

along a horizontal line. The camera was aligned so that the

entire range of motion of each subject's traverse was re-

corded on film.

Three sets of numbered coded cards were included within

the field of view of the camera and recorded on film for each

trial. The three sets of numbers were used to subsequently

identify the subject and trial from the processed film. A

known length was positioned horizontally in the anticipated

saggital plane of motion of each subject and filmed during

the trial. Measurements of the projected lengths were used

in the subsequent determination of a horizontal axis and a

linear scale. A timing light pulse generator used in con-

junction with the camera provided a temporal scale. The

operating speed of the camera was set at sixty frames per

second. A schematic of the experimental set-up is shown in

Figure 1.

Testing Procedures

All of the testing was conducted in the Physical

Education Building and Lab School Gym, Division of Physical

Education and Dance, North Texas State University, Denton,

Texas.

At the beginning of the testing session each subject

was familiarized with the test procedures and the parents or
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guardians were asked to read and sign a consent form for

participation (Appendix A). Measurements of each subject's

weight, standing height and arm length were recorded. Prior

to the commencement of the first trial the following in-

structions were given to each subject:

When given the command "Go" you are to
traverse the horizontal ladder at a
comfortable pace using only your hands
on the rungs for support. Attempt to
travel the entire length of the ladder.

Each subject performed two trials during which the temporal

and movement characteristics were recorded on film.

Processed film was used to determine the gait patterns,

the spacing between the contacted rungs and the duration of

the airborne and contact phases for each trial by each subject.

Statistic Analysis

A two way analysis of variance (trial by subject groups)

with repeated measures over the first factor was conducted to

determine 1) the presence of a trial by age group inter-

action, 2) differences among the age groups and 3) trial

differences. The extracted instantaneous temporal and kine-

matic parameters were entered as the dependent variables. A

Chi-Square analysis was conducted to determine age related

differences in the utilized gait pattern.



CHAPTER IV

RESULTS

The purpose of this study was to determine the horizontal

ladder traverse gait patterns and preferred rung spacings used

by children of different ages.

Subjects

The subjects used in this study ranged in age from six

to eleven years, in standing height from 1.12 to 1.52 meters,

in weight from 19.50 to 49.89 kilograms and in arm length

from 0.43 to 0.66 meters. The mean standing heights, weights

and arm lengths of each subject in each age group appears in

Appendix B, Appendix C and Appendix D respectively.

Results

An examination of the films depicting the performances

by each subject revealed that four children in the six year

old group, one child in the nine year old group and one child

in the eleven year old group were unable to complete a tra-

verse of the horizontal ladder.

The horizontal ladder traverse gait patterns used by the

subjects in each age group for each trial are shown in Table

1. An examination of the data indicates that, with the ex-

ception of the six year old group, the preferred method of

traverse was to contact different rungs by each of two hands.

The six year old group preferred to move their right hand to a

17
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rung and then move their left hand to the same rung. For all

subject groups, the second most popular gait was to move the

left hand to a rung and then move the right hand to the same

rung. Few of the subjects in any of the age groups displayed

an inconsistant gait pattern during each traverse. A Chi-

Square statistical analysis revealed significant age group

differences among the adopted gait patterns (Table 2). The

locus of the significant difference was the unique gait pre-

ferred by the children in the six year old group.

Most of the subjects in each of the age groups adopted

the same gait pattern during each of the two trials, i.e.,

ninety-four per cent of all the subjects were consistant in

choice of gait pattern across trials. Table 3 illustrates the

incidence and nature of the intertrial gait pattern changes.

An analysis of the spacing between consecutive handholds

for each hand revealed no significant trial by age group

interaction, no differences among the age groups and no trial

effects.

The children in the six and ten year old groups were

consistent in the distance between consecutive handholds

for each hand. This consistency was maintained during both

trials. For all of the age groups and independant of the

adopted gait pattern the minimum preferred rung spacing was

one rung (0.203 meters). The mean preferred spacing between

consecutive handholds is shown in Table 4.
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TABLE 2

SUMMARY TABLE FOR THE CHI-SQUARE ANALYSIS

CONDUCTED ON THE GAITS ADOPTED

BY EACH AGE GROUP

Trial Chi-Square Degrees of Probability
Freedom

1 23.24448 15 0.0791

2 25.99778 15 0.0380
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TABLE 3

GAIT CHANGES BETWEEN TRIALSa

Subject Groups
Gait
Changes 6 7 8 9 10 11 Total

A to Ab 1(11)c 1 (2 )d

A to B

A to C

A to D 1(13) 1(2)

B to A

B to B 4(50) 1(13) 5(10)

B to C

B to D 1(13) 1(2)

C to A 1(13) 1(2)

C to B

C to C 3(38) 2(25) 1(13) 3(38) 3(35) 3(33) 15(29)

C to D

D to A

D to B

D to C

D to D 5(63) 6(75) 4(50) 7(70) 5(56) 27(53)

aTable entries are number of subjects
particular gait pattern.

bA =
B =
C =
D =

who adopted a

.
Inconsistent
Left hand moved to the same rung as right
Right hand moved to the same rung as left
Different rungs contacted by each hand

cPer cent for age group

dPer cent for total subjects



22

TABLE 4

MEAN PREFERRED SPACING BETWEEN

CONSECUTIVE HANDHOLDSa

Age Mean Minimum Maximum
Group

Trial 1

6 .203 .203 .203

7 .534 .203 1.218

8 .508 .203 1.218

9 .355 .203 .812

10 .345 .203 .406

11 .428 .203 .812

Total .396 .203 1.218

Trial 2

6 .229 .203 .406

7 .711 .203 1.218

8 .508 .203 1.218

9 .406 .203 1.218

10 .345 .203 .406

11 .451 .203 .812

Total .443 .203 1.218

aAll distance measures are in meters
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The mean temporal characteristics of a selected gait

cycle for each subject group appears in Table 5. The dis-

played results indicate that for all subject groups the

absolute and relative hand contact times were greater than

the corresponding airborne times. The statistical analysis

revealed no temporal differences among the age groups. The

relative temporal characteristics for each of the consistent

gait patterns appears in Table 6. The results show that the

relative hand contact times for both of the gaits which in-

volved contact of the same rung by both hands were greater

than those for the gait which involved different rungs being

contacted by each of the hands. Reciprocal statements can

be made for the relative airborne times.
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TABLE 5

AIRBORNE AND CONTACT TIMES FOR EACH HANDa

Subject Groups

Cycle Phaseb 6 7 8 9 10 11

RH - CT 1.16 1.12 0.98 1.19 0.88 1.18
(84) (79) (73) (79) (72) (77)

LH - CT 1.57 1.23 0.97 1.29 0.82 1.07
(82) (77) (73) (78) (68) (75)

RH - AT 0.24 0.40 0.40 0.33 0.28 0.34
(16) (21) (27) (21) (28) (23)

LH - AT 0.25 0.41 0.38 0.29 0.28 0.36
(18) (23) (27) (22) (32) (25)

aAll times measured in seconds.
percentages of gait cycle.

Numbers in parentheses are

bRH = Right hand

LH = Left hand

CT = Contact time

AT = Airborne time (the time when each hand is not in

contact with a rung)
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TABLE 6

RELATIVE AIRBORNE AND CONTACT TIMES FOR

EACH OF THE CONSISTENT GAIT

PATTERNS FOR EACH HANDa

Gaitb

Gait Phase B C D

RH - CTc 84 81 73

LH - CT 84 78 72

RH - AT 16 19 27

LH - AT 16 22 28

aPercentage of the gait period

b B = Left hand moved to the same rung as the right

C = Right hand moved to the same rung as the left

D = Different rungs contacted by each of the hands

c RH = Right hand

LH = Left hand

CT = Contact time

AT = Airborne time (the time when each hand is not in
contact with a rung)



CHAPTER V

SUMMARY AND CONCLUSIONS

Introduction

The purpose of this study was to determine horizontal

ladder traverse gait patterns and preferred rung spacings

used by different aged children.

A review of related literature reveals that some at-

tempts have been made to examine the motor development of

children. In addition, there appears to be an increasing

interest in the effects of the environment, particularly

equipment and play items, in determining motor behavior in

children. However, it is only recently that attention has

been directed towards this specific child/equipment inter-

action (Bruya, 1981; Gabbard & Patterson, 1980; Kaufman &

Ridenhour, 1977; McIntyre, Bruya, Eubanks & Jackson, 1982).

A common item of playground equipment is the horizontal

ladder. For those children who use a horizontal ladder one

activity is to traverse the equipment using only the upper

limbs for support and horizontal propulsion. The unique

role of the upper limbs distinguished it from all other ter-

restial locomotive movements. Hutinger (1954) found that the

horizontal ladder is an effective apparatus for increasing

the strength of third grade children.
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An examination of children's play equipment revealed the

existence of a considerable variety of commercially available

horizontal ladders. It would appear that no attempts have

been made to design the equipment in accordance with the

abilities of the users. It is therefore possible that the

dimensions of the apparatus might be unsuitable or even

potentially dangerous for some users. Gross mismatches bet-

ween the preferred movement patterns of the users and the

physical dimensions of the apparatus could result in accidents,

which due to the elevation of the equipment would likely be

of serious nature.

In summary, a review of the related literature revealed

that only one previous attempt had been made to examine the

motor patterns used during horizontal ladder traverses. Con-

sidering the common and varied uses of playground horizontal

ladders, the diversity of equipment design, the range of

abilities and physical characteristics of the users and the

potential for accidents, it is surprising to find that little

attention has been directed toward a scientific analysis of

children's horizontal ladder traverse performances.

Procedures

Fifty-one male and female children were used in this

study. Each subject performed two trials. Each trial con-

sisted of a traverse of a horizontal ladder. All trials were

filmed using a high-speed camera operated at sixty frames per

second. The processed film was used to determine the gait
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patterns, the spacing between the contacted rungs and the

duration of the airborne and contact phases for each trial.

A two way analysis of variance (trial by subject groups)

with repeated measures over the first factor was conducted to

determine 1) the presence of a trial by age interaction,

2) differences among the age groups and 3) trial differences.

The extracted instantaneous temporal and kinematic parameters

were entered as the dependent variables. A Chi-Square

analysis was conducted to determine age related differences

in the preferred gait patterns.

Results and Discussion

With the exception of the six year old group the pre-

ferred method of horizontal ladder traverse was to contact

different rungs with each of the hands. The six year old

group preferred to move their right hand to a rung and then

move their left hand to the same rung. Irrespective of the

adopted gait, the movement pattern was maintained for both

recorded trials; within a gait pattern distance traveled

was variable.

The result of the temporal analysis revealed that both

the absolute and relative durations of the contact phases

were greater than the airborne phases which is consistent

with the findings of McIntyre (1982) and McIntrye et. al.

(1982). The gait patterns which involved contact of the same

rung by both hands resulted in greater absolute and relative
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contact times than those for the gait which involved hand

contact with different rungs. The former gait pattern was

that preferably used by the six year old group. This may

suggest that persistence of hand contact is related to factors

such as upper limb strength and maturation of the coordinative

processes. This contention is in part supported by the

findings of Gabbard and Patterson (1981). Further support

is indirectly provided by the findings that fifty per cent

of the children in the youngest age group were unable to

complete a traverse.

Recommendations

Based on the findings of this study the following recom-

mendations are made for further study:

1. An examination of the relationship between hand

dominance and adopted gait pattern during hori-

zontal ladder traverses.

2. An examination of the relationship between upper

limb strength and flexibility on the temporal and

kinematic characteristics of horizontal ladder

traverses.

3. An examination of the relationship between force

application and horizontal ladder traverse gait

patterns.
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APPENDIX A

INFORMED CONSENT

PROJECT TITLE: Swinging Gait Patterns and Preferred Rung
Spacing During Free Choice Horizontal Ladder
Traverses

PROJECT DIRECTORS: Dr. Don McIntyre
Dr. Larry Bruya
Charles Roth

We sincerely appreciate your willingness to allow your
child to participate in this study. The purpose of this study
is to determine the horizontal ladder traverse gait patterns
and preferred rung spacings used by different aged children.
We feel that the results of this study will provide us with
information concerning the appropriate (and safe) charac-
teristics of this item of playground equipment.

Your child will be asked to swing across a horizontal
ladder on two occasions. During each performance we will be
taking film records. The instruments involved in these pro-
cesses present no danger to your child. There will always be
at least three investigators present to both answer any
question you or your child may have, operate the measuring
instruments and "spot" each performance. We will be taking
every precaution to ensure that no mishap occurs.

The records of each performance will be treated with the
strictest confidence and at no time will reference be made to
the idenity of your child. A copy of the study proposal will
also be available for your examination. If you have any
questions please feel free to contact any of the principal
investigators. Again, thank you for your cooperation.
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APPENDIX A
cont.

USE OF HUMAN SUBJECTS

INFORMED CONSENT

NAME OF SUBJECT:

1. I hereby give consent to Roth/Bruya/McIntyre to perform
or supervise the following investigational procedure or
treatment:

Use film records to examine my child's horizontal ladder

traverse performances

2. I have (seen, heard) a clear explanation and understand
the nature and purpose of the procedure or treatment;
possible appropriate alternative procedures that would
be advantageous to me (him, her); and the attendant
discomforts or risks involved and the possibility of
complications which might arise. I have (seen, heard)
a clear explanation and understand the benefits to be
expected. I understand that the procedure or treatment
to be performed is investigational and that I may with-
draw my consent for my (his, her) status. With my
understanding Of this, having received this information
and satisfactory answers to the questions i have asked,
I voluntarily consent to the procedure or treatment
designated in Paragraph 1 above.

DATE

SIGNED: SIGNED:

WITNESS SUBJECT
or

SIGNED: SIGNED:

WITNESS PERSON RESPONSIBLE

Relationship

Instructions to persons authorized to sign:

If the subject is not competent, the person responsible shall
be the legal appointed guardian or legally authorized repre-
sentative. If the subject is a minor under 18 years of age,
the person responsible is the parent(s) or legally appointed
guardian. If the subject is unable to write his name, the
following is legally acceptable: (His X mark), two 2 witnesses.



APPENDIX B

MEAN STANDING HEIGHT OF THE CHILDREN

IN EACH AGE GROUP

Age Number of Mean Standard Standard Minimum Maximum
Group Subjects Deviation Error

6 8 1 .2 0 a 0.05 0.02 1.12 1.30

7 8 1.28 0.08 0.03 1.17 1.40

8 8 1.29 0.07 0.22 1.17 1.40

9 8 1.38 0.05 0.02 1.30 1.45

10 10 1.39 0.03 0.01 1.35 1.45

11 9 1.48 0.06 0.02 1.37 1.52

Total 51 1.34 0.11 0.02 1.12 1.52

aAll measurements in meters
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APPENDIX C

MEAN BODY WEIGHTS OF THE CHILDREN

IN EACH AGE GROUP

Age Number of Ilean Standard Standard Minimum Maximum
Group Subjects Deviation Error

6 8 2 2 .8 5a 3.14 1.11 19.50 27.22

7 8 29.48 7.04 2.49 20.41 41.73

8 8 25.34 3.30 1.17 19.50 30.39

9 8 35.72 9.19 3.25 25.86 49.89

10 10 33.75 4.57 1.44 29.03 42.64

11 9 39.31 6.41 2.14 32.66 48.99

Total 51 31.34 8.09 1.13 19.50 49.90

aAll measurements in kilograms
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APPENDIX D

MEAN ARM LENGTHS OF THE CHILDREN

IN EACH AGE GROUP

Age Number of Mean Standard Standard Minimum Maximum
Group Subjects Deviation Error

6 8 0.47a 0.02 0.01 0.43 0.51

7 8 0.52 0.05 0.02 0.48 0.58

8 8 0.52 0.04 0.01 0.43 0.56

9 8 0.56 0.03 0.01 0.48 0.58

10 10 0.57 0.02 0.01 0.53 0.61

11 9 0.62 0.03 0.01 0.58 0.66

Total 51 0.55 0.06 0.01 0.43 0.66

aAll measurements in meters
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