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FOREWORD

For many centuries children have been seen as an adjunct to adults, either as helpers,
earners, or little people to be humanized. The last hundred years have seen a gradual
change, in schools, in families, and in the environment in which children live. At last they
are seen, in general, as children. They have unique requirements, problems, needs, and
desires.

Children’s lives impinge on society in ways which differ from the influences of adults.
Yet adults are responsible for the environment which children experience. So it is important
that adults so design the environment of children that the children themselves grow, ben-
efit, and enjoy their developing lives. The world of a child is broad, just as is that of an adult.
That is why this book covers so many areas. It matches the world in which the child lives.

Research in human factors has not always matched the reality of the world we live in,
however. It has tended to concentrate on adults, on military requirements, on adult work-
places, and on (male) college graduates as well as on the interface between the public
and the world around us. In spite of the large population of children, school (the workplace
of the young) has a relatively small body of ergonomics studies and the ergonomics of
play even less. Yet the psychology of childhood is a large field, with huge implications for
ergonomics.

This book is a first attempt to put the lives of children in the context of the society in
which they live, to give a comprehensive analysis with explanations, reasons, and design
recommendations for the betterment of their lives. Anyone who has responsibility for the
welfare of children should become familiar with the contents of this book, to recognize the
complexity of their task and to give themselves the background to cooperate in systematic
and holistic approaches to their problems. This is not a book just for the affluent West, but
for children everywhere. If we are to have a better future world, we must use our knowledge
to make it better for our children.

Nigel Corlett, Phd, FREng., FErgs
Emeritus Professor
University of Nottingham
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SECTION A

Introduction






CHAPTER 1

INTRODUCTION TO THIS BOOK

RANI LUEDER AND VALERIE RICE, WITH CHERYL L. BENNETT*

This book is an attempt to provide a practical user's manual about ergonomicst and
children for professionals who design products and places for and work and play with
children. They include ergonomists, product designers, manufacturers, technology
specialists, educators, rehabilitation therapists, architects, city planners, attorneys, and
even parents.

As such, it is a different sort of book than others in the field. It cuts across a wide swath of
disciplines such as ergonomics, psychology, medicine, rehabilitation, exercise physiology,
optometry, education, architecture, urban planning, law, and others.

Children are clearly not “little adults,” but how do they differ, and how do such differ-
ences affect the design of products and places that they use? How can we better help
them face new and unique challenges, such as when using new technologies? The ques-
tions were simple, but the answers were not.

The process of trying to make sense of this vast and sometimes contradictory array of
information was often daunting, but we have learned much along the way. While we mourn
for the material we were not able to include in this version, we are grateful to our contribu-
tors for their struggle with us through this wonderful and creative experience. We thank you
for opening this book. We hope it helps you (our readers) practice your important efforts.

Table 1.1 briefly summarizes the chapters to come.

* Our thanks to Cheryl Bennett for her initial participation in the book.
" Ergonomics is an applied research discipline concerned with the fit between people, the things they do, the objects they use, and the environments they
work, travel, and play in (Ergonomics Society).
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Table 1.1 Chapter Topics in this Book

Section A

Introduction

Section B

Child abilities
and health

Chapter 1

Introduction to this book

Rani Lueder and Valerie Rice, with Cheryl L. Bennett

Chapter 2

Developmental
stages of children

Tina Brown and
Melissa Beran

Each child is unique, yet children also undergo
universal developmental stages that are affected
by their life-experiences and culture.

We can predict when, how, and why children
do the things they do based on the cognitive,
physical, social, emotional, and language
dimensions of each developmental stage.

(Ursy Potter Photography)

Chapter 3
Child anthropometry

Beverley Norris and
Stuart A. Smith

Anthropometry is the scientific measurement of human body sizes,
shapes, and physical capabilities. Anthropometric data helps us
evaluate the fit between children and the products and
environments they use.

An understanding of this fit is critical to ensure that children
can use (and enjoy) products intended for them. At the same
time, it protects them from harm by ensuring that hazards are
properly guarded or placed out of reach.

(Valerie Rice)

Chapter 4

Visual ergonomics
for children

Knut Inge Fostervold
and Dennis R.

Children are exposed to very different visual environments
than previous generations. Yet these technologies are often
used without regard for the corresponding implications for
children’s comfort, health, and long-term well-being. Further,
children’s visual environments may adversely affect their
postures and postural risk.

This chapter reviews what we know about the ergonomic

Ankrum implications related to vision and to the use of new
technologies.
(Ursy Potter Photography)
Loud and distracting noise can damage our
Chapter 5 hearing, potentially hindering our ability to learn

Hearing ergonomics
for children: Sound
advice

Nancy L. Vause

and fully experience our lives.

This chapter reviews the literature on the
impact of noise on hearing, the nature of hearing
loss, and its effect on learning in the classroom.

It also provides guidance for designing effective
classroom environments that will reduce sound
distractions and promote hearing.

(Ursy Potter Photography)




Introduction to this book

Table 1.1 Chapter Topics in this Book (Continued)

Section C

Injuries,
health
disorders, and
disabilities

Chapter 6

Physical development
in children and
adolescents and
age-related risks

Rani Lueder and

Children today must face different demands than with
preceding generations. In general, children are also
taller, heavier, and less fit. Many children (particularly
girls) experience puberty earlier than previous
generations, increasing the potential for musculoskel-
etal pain and disorders.

Children’s injury risks are also different than
those adults commonly experience.

This chapter reviews how children’s

Valerie Rice musculoskeletal systems develop and the
corresponding implications for developing back
pain and soft tissue disorders.
(Ursy Potter Photography)
Children benefit mentally, physically, and socially
from physical activity. Exercise is essential for
proper development of bones, muscles, and joints.
It promotes health, improves alertness, self-esteem,
Chapter 7 and outlook.
Physical education _ User—centt_are_d phy3|call education programs
incorporate principles of child development, build on
programs

Barbara H. Boucher

environmental influences, and consider the child as a
whole.

This chapter reviews how children develop
physiologically, cognitively, and socially between
the ages of 5 and 15, and the implications for
effective PE programs.

(Ursy Potter Photography)

Chapter 8
Children and injuries

Valerie Rice and
Rani Lueder

(Valerie Rice)

A child’s “work” is to develop physically, emotionally, socially
and cognitively.

Eliminating all risks would also eliminate challenges
essential to children’s growth and development.

This chapter focuses on preventing injuries that are most
common among children: falls, burns, poison, choking, and
drowning. It includes design and safety considerations for
products, places, and tasks to promote effective
environments while reducing the potential for injuries.

Chapter 9
Assistive technologies

Robin Springer

Assistive technologies enable people with disabilities to
participate in activities of daily living, helping to ensure

equal opportunities.

These items range from high tech to everyday
products that include wheelchairs, adapted vans,
communication devices, and modified computers.

This chapter aims to help the reader understand a
broad range of assistive technologies and to evaluate

their appropriateness for the user. It also reviews
considerations for using them effectively.

(Valerie Rice)

(continued)
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Section D

Children
and product
design

Ergonomics for Children: Designing products and places for toddlers to teens

Chapter Topics in this Book (Continued)

Chapter 10

A lot with a little:
Accommodating

disabled children in

developing
countries

David Werner

(Ursy Potter Photography)

Helping disabled children in developing villages
requires working with them to create solutions
that provide a “goodness of fit” with their life
circumstances.

Adapting simple, locally made equipment
while involving the disabled child and their family
helps them fit in their community.

Even rehabilitation exercises can isolate a
child from their community and emphasize how
they differ from their peers. Work-based
therapeutic activities can help them build on
strengths rather than limitations.

Chapter 11

Designing products

for children

Valerie Rice and

This chapter reviews the ergonomic
considerations for designing products for
children to encourage their proper use,
safety, and fun. It also summarizes the
research and provides guidelines for
evaluating a range of products, from baby

A cribs and strollers to youth recreation.
(Ursy Potter Photography)
Today, the focus on ergonomics in toy design has
broadened beyond safety and comfort to designing toys
Chapter 12 to fit the child user.
Children’s play Today’s consumers also expect products to be
with toys easy to use, functional, pleasurable, and to

Brenda A. Torres

(Ursy Potter Photography)

contribute to growth and development. This requires
an understanding of children’s developmental
stages.

Chapter 13

Book bags
for children

Karen Jacobs,
Renee Lockhart,
Hsin-Yu (Ariel)
Chiang, and
Mary O’Hara

Backpacks are a practical way to transport schoolwork. Even so,
research indicates that the design of the book bag and how it is used
influence the risk of developing musculoskeletal injuries.

(Valerie Rice)




Introduction to this book

Table 1.1 Chapter Topics in this Book (Continued)

Section E

Children at
home

Chapter 14

Warnings: Hazard
control methods for
caregivers and

Young children do not have the cognitive
abilities to recognize and avoid risks.

This chapter reviews the range of issues
surrounding how best to inform children and
caregivers of hazards. It considers the roles

children . ;
of manufacturers and caregivers in

Michael J. Kalsher protecting children by designing out the
and Michael S. hazard, guarding against the hazard, and
Wogalter warnings.

(Ursy Potter Photography)

Climbing and descending stairs requires a

combination of strength, balance, timing, and
Chapter 15 equilibrium. It takes coordinated effort to avoid
Stairways for misstelps, falls, and injury. _
children This chapter focuses on design factors that

contribute to ease-of-use and safety for children
Jake Pauls on stairs. Important considerations include

stairway visibility, step dimensions, and

handholds.

(Ursy Potter Photography)

New technologies are increasingly common in

the home. These must do more than

accommodate children’s physical and mental

abilities; it is important for child users to
Chapter 16 understand basic principles of posture, body
Child use of mechanics, and the risks and benefits

technology at home
Cheryl L. Bennett

associated with using computers and other
electronic devices.

Imparting an awareness of the importance
of position, posture, and comfort to children at
an early age can establish habits that will
empower them throughout their lives.

(Ursy Potter Photography)

Chapter 17
Children in vehicles
Rani Lueder

(Ursy Potter Photography)

Motor vehicle accidents are the leading cause of death
and severe injuries in children at every age after their first
birthday. Children’s injuries are also more severe than
those of adults; their small size and developing bones and
muscles make them more susceptible to injury in car
crashes if not properly restrained.

Many of these deaths could have been avoided, such
as by proper design and use of child restraints that are
appropriate for the child’s age, positioning in the vehicle,
and many other factors.

(continued)
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Section F

Children
and school

Ergonomics for Children: Designing products and places for toddlers to teens

Chapter Topics in this Book (Continued)

Chapter 18

Preventing
work-related
musculoskeletal
disorders for youth
working on farms

Thomas R. Waters

Farms are one of the most hazardous places for
anyone to work. Children and adolescents on
family farms begin helping at very young ages,
often performing physically demanding jobs
designed for adults. These jobs may exceed
children’s capabilities and lead to acute or chronic
musculoskeletal disorders. The jobs include lifting
and moving materials, operating farm equipment,
and performing other tasks that require strength

and coordination.

This chapter describes the ergonomic risks
for children that are associated with farming tasks

and provides guidelines for avoiding hazards.

(Ursy Potter Photography)

Chapter 19
Preschool/day care

Lorraine E. Maxwell

(Ursy Potter Photography)

Physical preschool environments play a critical
role on children’s cognitive, social, physical, and
emotional development.

Stimulating and well-organized childcare
settings help children develop their vocabularies,
attention and memory skills, and social interac-
tions with peers.

Many of us take children’s ability to learn to write

for granted. Yet handwriting is physically and

intellectually demanding. Postural instability, paper
and pencil positioning, and limited gripping ability

Chapter 20 are correlated with poor handwriting performance.
Children and Creating effective child environments for
handwriting writing requires more than simply supplying a
ergonomics place for children to copy letters.
Cindy Burt and _ Ef_fectlve Iearr'ung enwron_me_nts must pe
M directive, supportive, and intriguing for children
ary Benbow ; .
as they develop this new way to communicate.
Children need appropriate writing tasks and
tools and must be developmentally ready to
write.
(Ursy Potter Photography)
Research indicates that many schoolchildren sit in
furniture that does not fit them properly. Schoolchildren
who sit in awkward postures for long durations can
Chapter 21 experience musculoskeletal symptoms that worsen with

Classroom furniture

Alan Hedge and
Rani Lueder

(Ursy Potter Photography)

time. Yet common assumptions about what is ergonomi-
cally “proper” for adults may not be appropriate for
children.

This chapter reviews ergonomic design consider-
ations for classroom furniture and summarizes
worldwide ergonomics research into the design of
comfortable school furniture.




Introduction to this book

Table 1.1 Chapter Topics in this Book (Continued)

Section G

Children and
public places

Chapter 22

Designing electronic

media for children

Children, like adults, need ergonomic “user-friendly”
interfaces in the broad range of electronic media

they use on a regular basis.

Ergonomic design guidelines can set the stage

for children’s initial interactions with a product,

enabling them to use products intuitively and fluidly.
The products should be easy to use and geared to
their particular developmental stages in hand—eye

Libby Hanna coordination and cognitive skills.
Children also need media content that offers
opportunities for growth. Ergonomic guidelines can
stimulate and nurture development by providing
electronic media that enrich children’s lives.
(Ursy Potter Photography)
Chapter 23

Information and
communication
technology in
schools

Clare Pollock and
Leon Straker

This chapter reviews the ergonomic
implications of using information and
communication technologies in schools.

It also provides guidelines for
implementing and using these technologies
to promote child learning and well-being.

(Courtesy of SIS-USA)

Chapter 24

New directions in
learning

David Gulland and

with the space.

The quality of learning environments can
enhance learning outcomes, as learners
respond positively to stimulating spaces.
Poor school designs create barriers to
learning by physically isolating students
from each other and hindering the sense
of belonging, ownership, or engagement

Jeff Phillips This chapter compares traditional
schools with innovative new schools that
reflect a paradigm shift on environmental
influences on learning.

(Courtesy of SIS-USA)

Chapter 25

Designing cities and
neighborhoods for
children

Rani Lueder

This chapter focuses on the design of
public places to help children be safe
and to use them effectively.

(Ursy Potter Photography)

(continued)
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Chapter Topics in this Book (Continued)

Museum experience:
Designing for
children

Jeff Kennedy and
Marjorie Prager

Museums of all kinds—science centers,
art and history museums, zoos, aquariums,
and nature centers—offer experiences that
engage and entertain children.

This chapter reviews ergonomic
implications for accommodating children and
their caregivers in these environments.

g Children are explorers by nature, and their wayfinding skills improve
Children and dramatically with age and practice. Further, individual children vary
wayfinding greatly in their wayfinding abilities.

This chapter identifies wayfinding strategies and reviews methods
Gary L. Allen, . , L ; ) A
Bzl ey, £ to enhance children’s wayfinding skills. It also provides guidelines for
Valerie Rice design that will help children orient themselves.

(Ursy Potter Photography)
The last 25 years has seen a boom in

Chapter 27 museum experiences for children.

(Ursy Potter Photography)

Chapter 28

Playground safety
and ergonomics

Alison G.
Vredenburgh and
llene B. Zackowitz

(Ursy Potter Photography)

Playgrounds enable children to develop physical
and social skills in fun and stimulating environments.
Playgrounds provide children with “work” activities
that help them develop skills such as eye—hand
coordination and balance.

The fit between the child user and their
environments is critical in playgrounds. Children
need challenge in safe environments.

Improper playground design or maintenance can
contribute to injuries. This chapter focuses on safety
issues that help reduce children’s exposure to
danger and reviews common playground hazards,
child user requirements, and design guidelines.
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DEVELOPMENTAL STAGES OF CHILDREN
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Each child is unique, yet children also exhibit consistent similarities as they grow and develop.
We can predict when, how, and why children do the things they do based on the cognitive,
physical, social, emotional, and language dimensions of each developmental stage. This chap-
ter describes these developmental stages as children mature from infancy to their 14th year.

Of course, such developmental timelines may not apply to a particular child. Children
evolve through universal patterns, but these commonalities occur against a backdrop of
each child’s culture, heritage, and individual differences.

INFANCY TO TODDLERHOOD (BIRTH TO 2 YEARS)

COGNITIVE DEVELOPMENT

Jean Piaget (1896-1980) was a leading authority on child development. Through his work, he
recognized that young children think and reason very differently from older children and adults.
He described how mental processes change as children progress through four qualitatively
different stages of cognitive develop-
ment. These theories underlie much ofthe
content in this chapter.

During Piaget's sensorimotor stage
(birth to 2 years), children explore the
world through their senses and motor skills
(Figure 2.1). They smell, look at, touch,
taste, and listen as they explore new
objects. These interactions begin acci-
dentally, but become purposeful and goal-
oriented as they learn about their world.

Between the ages of 18 and 24
months, children develop symbolic
thinking, which allows them to engage in
pretend play. During pretend play, one
thing or object can represent another
and children begin to act out differ-
ent roles such as mother, father, baby,
teacher, doctor, etc.

They also begin to develop a sense
of object permanence at this age. For ~ Figure2.1 (Ursy Potter Photography) .
example, 6-month-old children do not Nolan explores the world through her senses during the

, sensorimotor stage from birth to 2 years.
become upset when caregivers remove
14
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Figure 2.2 Large motor skill development. (From Cole, M. and Cole, S., The
Development of Children, 4th edn., Worth Publishers, New York, 2001.)

toys because at this age, children do not remember objects they cannot see. By the time
they reach 18 to 24 months, these children will remember and search for “hidden” toys and
object permanence is fully achieved.

PHYSICAL DEVELOPMENT

Over their first 2 years, children’s gross motor skills develop as they learn to roll over, sit
up, crawl, stand, walk, run, and climb (Figure 2.2). Fine motor skills also progress rapidly.
Children move from being unable to intentionally pick up objects, to picking up objects
with a swipe of the hand and finally to using their fingers and thumb in a pincer grasp to
manipulate small objects (Figure 2.3, Table 2.1).

SOCIAL AND EMOTIONAL DEVELOPMENT

Humans are instinctively social beings. They need to feel emotionally secure in order
to develop healthy relationships (Figure 2.4). The need for emotional and physical
security remains, even as children begin to explore their world, as noted in the following
quote:

Perhaps more dramatically than any other age, toddlerhood represents the tension between
two ever present yet opposing human impulses: the exhilarating thrust of carefree, unrestricted,
uninhibited exploration, where one can soar free without looking back at those who are left behind
and the longing to feel safe in the protective sphere of intimate relationships.

(Lieberman, 1991)

As children in this age group continue to struggle between their contradictory needs to be
independent and feel secure, they alternately explore and return to their trusted parents or
caregivers for physical comfort. Toddlers learn that they have the power to control some
of their world by resisting it.

15
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Figure 2.3 This figure shows thumb and finger
grasping movements at 28, 36, and 52 weeks of life.
In just 24 weeks, a child’s coordination moves from
a gross grasp to very fine, precise movements. (From
Cole, M. and Cole, S., The Development of Children,
4th edn., Worth Publishers, New York, 2001.)

As they attempt to express their will and learn their limitations, they may say “no,” scream,
or have temper tantrums. Children resort to such “negative” behaviors because their language
skills are too primitive to easily communicate their needs, desires, and fears (Lieberman,

1991) (Table 2.1).

16
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Figure 2.4 (Ursy Potter Photography)

Infants and toddlers develop a sense of security when
their parents and caregivers consistently meet their basic
needs for food and comfort and by their communicating
with touch, holding, seeing, and hearing.

LANGUAGE DEVELOPMENT

Children normally begin vocalizing around 2 months of age by cooing, babbling, and play-
ing with different noises. Some children utter their first words before their first birthday.

By their second year, some children already make short 2- or 3-word sentences and may have
vocabularies of several hundred words (including the ever famous, “mine” and “no”) (Figure 2.5).
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Figure 2.5 Rate of vocabulary acquisition by age (in months). (From
Bates, E., in Bizzi, E., Calissamo, P,, and Volterra, V., Eds., Frontiere della
Biologia [Frontiers of Biology], Giovanni Trecanni, Rome, 1999.)
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It is important to note that young children learn these incredible skills by interactively
communicating with those around them, rather than solely listening to others, or listening
to tapes, CDs, or television.

A summary of child development from birth through age two is shown in Table 2.1.
A typical chart depicting milestones is shown in Figure 2.6.

Table 2.1 Summary of Child Development: Birth through 24 Months
Birth to 3 10-12 13-18
Months 4-6 Months 7-9 Months Months Months 19-24 Months
Month 1 Month 4 Month 7 Month 10  Imitates » Recognizes
. Prefers . Senses . Visually - Points to movements | shapes
visual strange searches body parts | . Uses toys . Notices little
patterns people and for disap- . Uses trial- inappropri- objects and
over other places peared toy and-error ately (e.g., small sounds
visual . Stares at (at least approach to wooden i
stimuli briefly) bpr - - Sits alone for
place where obtain a block like a short periods
« Alert one an objectis | « Imitates goal real phone) | ok
out of 10 dropped physical . Recognizes _
hours acts in their | = Searches self ingmirror + More symbolic
repertoire for_a hidden thinking allows
Month 5 p
) objectbut | . Remembers | simple “pre-
Month 2 » Begins to normally in where tend” or make
» Visually play with Month 8 a familiar objects are believe play
c prefers objects + Prefers spot located
g face over . Exolores new and + Object perma-
g. objects ot)J(j%cts by complex Month 11 « Uses stick nence is fully
Q| . Increased mouthing toys + Imitation as a tool achieved
8 awareness and + Explores increases
o of objects touching weight, . A iat
2 textures, rsoso: rtaileis
'E | Month 3 Month 6 properties propert
o ) of obiects with objects
8 |- Visually - Inspects )
searches objects Month 12
for sounds Month 9
+ Reaches to ; « Canreach
. » Can find :
- Begins grab : while
hidden ;
exploratory dropped . looking
: objects they
play of own objects saw hidden away
body
. Anticipates | ° Uses to_yts I
return of appropriately (Valerie Rice)
objects . Searches
and/or for a hidden
people object
where it
was last
seen
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Table 2.1 Summary of Child Development: Birth through 24 Months (Continued)
Birth to 3 10-12 13-18
Months 4-6 Months 7-9 Months Months Months 19-24 Months
Month 1 Month 4 Month 7 Month 10 Enjoys » Walks up and
« Movements |« On . Holds . Sits from a unceasing downstairs with
are mostly stomach, objects in standing activity help of railing
reflexive can support each hand, position Carries . Jumps, runs,
. Keeps L‘ﬁ:gt%’:\d trgggtﬁz?g . Momentary objects in throws, climbs
hands in arme unsup- both . Begins to
fist or - Hands free ported hands show hand
slightly - Grasps while sitting stand while preference
open small walking
: « Pushes up ) . Walk
objects put on hands Month 11 Points alKs
Month 2 into hand; d knees- . Stands with index smoothly;
. Gains head will bring it and knees, | finger watches feet
rocks alone 9
control to mouth . . Transitions
« Crawls and Picks up
. Month 8 . smoothly from
» Grasping Month 5 climbs small walk to run
becomes . May roll « Uses upstairs Obje(_its
voluntary from thumb— . Feeds self v_VIth index
stomach to finger with spoon finger and
Month 3 back opposition P thumb
. Swipes at - Manipulates | Month 12 Walks
= ; » Passes .
3 ggjrgilgg objects from ObJeICtS to . Cruises smoothly
E hand to expiore around Jumps
% » Canturn hand « Crawls furniture with both
g | overfom | i . Stands - Walksbut | feetof
S 1 stomach supported leaning may still
S for lon i refer Turns
3] g against preter
D periods something crawling pages
a » Reaches for « May climb
toy and Month 9 out of crib (Ursy Potter
successfully | « Walks while or playpen Photography)
rasps adult holds
o hands . ?oariplete
Month 6 . Pulls self to thumb
« May creep standing; opposition
on belly gets down
_ again » Uses
» Fascinated spoon, cup,
with small « Explores and crayon
items with index
. Balances finger
well while . Sits
sitting unsupported
» Looks at, . Puts
reaches for, objects in
grasps and containers
brings
objects to
mouth
(continued)
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Table 2.1 Summary of Child Development: Birth through 24 Months (Continued)
Birth to 3 10-12 13-18
Months 4-6 Months 7-9 Months Months Months 19-24 Months
Month 1 Month 4 Month 7 Month 10 Imitates « Hugs
. Eyecontact |- Returnsa | - Raises . Displays housework | spontaneously
with mother smile arms to be clear Plays in . Becomes clingy
. Spontane- | - Lovestobe | Pickedup moods solitary around
ous smile touched . Laughs at - Becomes manner strangers
and play funny aware of Laughs | - Imagines toys
Months 2-3 peek-a-boo expressions social when have life
« First . Smi approval chased qualities
selective ﬁ,ﬂgl,? ® Month 8 and ,
“social . . Responds disapproval Explores « Enjoys parallel
smies” no“?ﬁs veryp reactions play
another
s baby differenty | Month 11 ofothers | orders others
« Strong
- nterest in , to strangers | «+ Seeks Responds around
& interest 1 + Looks in than family approval to scold- .
£ looking at direction of or ing and . Commumcatgs
g— Puman person caregiver(s) | * May praise feellngs, desires,
° aces leaving a assert self and interests
= room « May reject Little or no
Q being alone | Month 12 sense of
g Month 5 - Prefers sharing
2 - Displays Month 9 family Emotional
2 anger when | « Explores members roller
] objects other over coaster-
i taken away babies strangers anger to
S . Imitates « Imitates laughter
3 some play within
8 moments
) movements
of others Children (Ursy Potter
learnto | Photography)
Month 6 say “no,”
to scream
« Explores
fac% of and have
person temper
holdlng tantrums
them
- Differenti-
ates
between
social
responses

20




Developmental stages of children

Table 2.1 Summary of Child Development: Birth through 24 Months (Continued)
Birth to 3 10-12 13-18
Months 4—6 Months 7-9 Months Months Months 19-24 Months
Month 1 Month 4 Month 7 Month 10 Points to « Likes rhyming
- Responds | - Begins . Tries to . Obeys named games
to human babbling: imitate some objects . Tries to “tell”
voice strings of sounds or commands Has 4- to experiences
. Begins syllable-like sound . Learns 6-word Uses “I" and
izi + Uses “I” an
small vocalizing sequences words and vocabulary o
throaty « Vocalizes - May say appropriate (13-15 ]
sounds moods mama or gestures months) + Typical
) dada Uses expressive
Month 2 + Smiles at + May repeat 5-word vocabulary of
person words 200 words
« Distin- Speaking to Month 8 utterances
guishes him/her - May learn Month 11 Has a - Repeats
between first words . words or
speech * Imitates 20-word phrases of
counds Month 5 . Under- inflection, vocabulary others
= « Utters vowel stands facial (16-18
“E’ « Makes sounds simple expressions months) » Uses some
o i i ; i
8 9uttqral’, . Watches instructions | Uses jargon Refers to short incom
o cooing ; f b plete
S noises people’s « Uses (sentences selt by sentences
a mouths 2-syllable of name
% Month 3 - Responds to utterances gibberish) Spontan-
3 | « Coos name + Recognizes eous
g Vocalizes t Month 9 words as humming
& | - Responds | ° ocalizes 10| . Pays symbols for and singing
vocally to toys attentionto |  objects
speech of conversation
others Month 6 . Ma Month 12
» Vowels y dt Practi
interspersed respondto | « Practices
with name and words he or
t “no” she knows
consonants . in inflection
. Vocalizes « Uses social
| gestures + Speaks one
pleasure or more
displeasure words
» Responds to
sounds of
words, not
meaning
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Figure 2.6 An overview of developmental milestones: Birth to 3 years. (From McCune, L., Developmental Trends:
When Skills Begin. Presented at a Training Conference for Intertek, 1993.)

EARLY CHILDHOOD (2 TO 7 YEARS)

COGNITIVE DEVELOPMENT

Piaget described cognitive development for 2- to 7-year-olds as the preoperational stage.
At this age, children learn representational skills and become more proficient in many
areas, including language.

Children in this age group have difficulty imagining others’ viewpoints. They are not selfish, but
simply incapable of seeing the world through someone else’s eyes. For example, children speaking
on the telephone will discuss items in their immediate environment that the listener cannot see.

Children in the preoperational stage also cannot reverse mental actions. As a result,
they cannot consistently understand the consequences of their own actions.

The American Academy of Pediatrics explains this type of thinking beautifully:

...Even if she’s found out the hard way once, don't assume she’s learned her lesson. Chances are
she doesn'’t associate her pain with the chain of events that led up to it and she almost certainly
won’t remember this sequence the next time.

(Shelov and Hannemann, 1993, p. 266)
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Figure 2.7 (Ursy Potter Photography)

Children between the ages of 2 and 7 love sliding down the
slide, riding their tricycle/bicycle, jumping, and climbing.

They improve their new abilities during their play, developing
balance, eye-hand coordination, and interactive skills.

PHYSICAL DEVELOPMENT

Children between the ages of 2 and 7 like to practice their developing motor skills
(Figure 2.7). Their equilibrium and gross and fine motor skills improve, and they become
proficient at activities such as hopping on one foot, pumping a swing, and skipping.
Refinement of fine motor skills occurs simultaneously as children demonstrate indepen-
dent self-care skills as they button, snap, and zip the zippers on their clothes, as well as
begin to hold a pencil, write, and draw.

SOCIAL AND EMOTIONAL DEVELOPMENT

Two-year-olds want to be independent, yet feel safe and secure.
They are very possessive and have difficulty sharing with friends.
However, children become progressively more independent

Parallel play is when
two children play
alone, but in close

proximity to each by the time they reach 3, 4, and 5 years of age. They are better at
other. Toddlers begin communicating, sharing, and taking turns. They enjoy dramatic
to interact by following, play, move from parallel play to interactive play, and tend
imitating, and chasing to develop close relationships with one or two “best friends”
one another, as well as (Figure 2.8).

exchanging toys. For the first time, children begin to exhibit more interest in

other children than in adults. As children enter formal schooling,
social acceptance from someone other than their parents or
family takes priority.
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Figure 2.8 (Ursy Potter Photography)
Children work together to accomplish a task during
cooperative play that develops between the ages of 3% and 5.

LANGUAGE DEVELOPMENT

Three- and four-year-old children often know between 900 and 1600 words. By the time
they are 6, they may be able to speak 2600 words. They answer simple questions, have
conversations, and tell stories toward the end of early childhood (Owens, 2001). Children
between the ages of 2 and 7 have fun learning language by playing word games using
rhymes, songs, and chants.

Table 2.2 contains a summary of child development from two through four years of age.

Table 2.2 Summary of Development for Children 2 to 7 Years
2-3 Years 4-5 Years 6-—7 Years
» Match primary shapes and | « Able to categorize » Longer attention span

= colors « Know primary colors « Remember and repeat three
dg’ ) ‘Etjxg?rstand concept of « Often believe in fantasy. Accept digits
g magic as an explanation + Have difficulty imagining
© |+ Enjoy make-believe play . other’s point-of-view
S « Develops a concept of time
8 «+ Point to body parts . Recoanizes relationshios » Cannot consistently under-
) . . gniz : P stand the consequences of
2 | « Interested in learning to between a whole and its parts : ;
= . their actions
= use common objects E
5 « Focus on only one aspect of a
8 » Match objects to pictures situation

« Base much of their knowledge

on how the situation appears
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Table 2.2 Summary of Development for Children 2 to 7 Years (Continued)

2-3 Years

4-5 Years

6-7 Years

Physical Development

Learn to use toilet

Walk backward, stoop, and
squat

Toss or roll large balls
Dress self with help

Throw balls overhead and
kick balls forward

Brush teeth, wash hands,
and get drinks

Full set of baby teeth

Explore, dismantle, and
dismember objects

Uses a spoon, fork, and dinner
knife

Walk straight lines, hop on
one foot, run, climb trees and
ladders, and turn somersaults

Skillfully pedal and steer tricycles
Buttons and unbuttons
Can cut on a line with scissors

Left- or right-hand dominance is
established

Can skip, jump rope, and run
on tiptoe

Can copy simple designs and
shapes

Develop permanent teeth
Tie shoelaces

Enjoy testing muscle
strength and skills

Skilled at using scissors
and small tools

Ride bicycles without
training wheels

(Valerie Rice)

Social and Emotional Development

Like to imitate parents

Affectionate: hugs and
kisses

Easily frustrated. Can be
aggressive and destructive

Fears and nightmares

Spends much time
watching and observing

Seeks approval and
attention of adults

Likes to be the center of
attention

Understands and obeys simple
rules, but often changes rules of
a game as they go along

Persistently asks “Why?”

Can communicate, share, and
take turns

More interested in children than
adults

Enjoys doing things for
themselves

Enjoys dramatic play with other
children

Develops “best friend”

Organizes other children and
toys in pretend play

Basic understanding of right and
wrong

Good sense of humor. Enjoys
sharing jokes and laughing with
adults

Plays simple games
Interested in group activities

Tends to play with same
gender play mates

Strong desire to perform
well and do things right

Interested in rules and
rituals

Enjoys active games

Sensitive and emotionally
vulnerable

Tries to solve problems
through emotions

(continued)
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Table 2.2 Summary of Development for Children 2 to 7 Years (Continued)

2-3 Years

4-5 Years

6-7 Years

» Early 2- to 3-word
sentences; later 3- to
5-word sentences

+ Enjoys simple stories,
rhymes, and songs

+ Hums, attempts to sing,
play with words and
sounds

» Enjoys repeating words
and sounds

75% to 80% of their
speech is understandable

» Follows two-step

Recognizes some letters. May
be able to print own name

Recognizes familiar words in
simple books or signs

Speaks fairly complex sentences

Expressive vocabulary of 1500
to 2200 words

Can memorize own address and
phone number

May understand 13,000 words
Uses 5 to 8 words in a sentence
Understands that stories have a

Expressive vocabulary of
2600 words

Receptive vocabulary of 20
to 24,000 words

May reverse printed letters

» Speaking and listening

vocabularies double

Becomes interested in
reading

Language Development

commands beginning, middle, and end
+ “Swears” + Tells stories
« Talks about the present « By the end of this age range,
children attain 90% of their adult L
grammar (Valerie Rice)

« Can follow three-step commands

« Understands before and after

MIDDLE CHILDHOOD (7 TO 14 YEARS)

COGNITIVE DEVELOPMENT

Around the 5th to 7th year, children enter what Piaget referred to as the concrete operations
stage of development. At this stage, children begin to understand others’ viewpoints.

They also understand concrete, hands-on problems, and start to apply basic logic.
However, they are still unable to think or perform in an abstract manner. In fact, they still
have problems considering all of the logical, possible outcomes of their actions. For many
children, the ability to use foresight and understand the consequences of their actions
before engaging in them does not consistently appear until they reach 11 to 14 years
of age (continuing into their early twenties).

After the age of 11 or 12, some children (but not all) enter Piaget’s final stage of mental
development, the formal operations stage.

This is when children become capable of true abstract thinking, including:

Speculating about future events
Understanding cause and effect
Developing and testing hypotheses
Reasoning scientifically

(Kagan and Gall, 1997)
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Figure 2.9 (Ursy Potter Photography)

Between the ages of 7 and 14, children are integrating their many skills
into coordinated, fluid movements. Riding a bicycle means integrating
balance, both large and small muscle groups, and visual-perceptual-
motor skills.

PHYSICAL DEVELOPMENT

In middle childhood, children’s fine or small and gross or large motor skills are well on their
way to full development. They can usually tie their shoelaces, print their name, and balance
on their bike (Figure 2.9).

During this stage of development, children enjoy organized sports. The ability to judge
distances, eye-hand coordination, strength, and endurance all improve in adolescence,
allowing children to begin to master the skills needed to play more adult-oriented sports
(Kagan and Gall, 1997).

SOCIAL AND EMOTIONAL DEVELOPMENT

In these middle years, children value acceptance by friends (normally of the same sex)
more than their own independence or obeying parental wishes and guidelines. They
become more daring and adventurous (Figure 2.10).
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Figure 2.10 (Valerie Rice)

Between the ages of 7 and 14, children
are more daring and adventurous.
Succeeding at daring acts boosts their
self-esteem and helps them deal with fears.
(Zuckerman and Duby, 1985.)

Rules and rituals are important during middle childhood, as they give children a sense
of comfort and stability. Unlike younger children who engage in pretend play, children
between the ages of 7 and 14 prefer real tasks and real activities, depending on the tem-
perament or personality of the child. They spend much of their day interacting and social-
izing with peers; these may include indoor games such as video games as well as outdoor
play such as sports and bike riding.

Friendships offer security and intimacy. Through friendships, children develop a sense of trust
and attachment to others of their own age and usually, of their own gender (Santrock, 1986).

LANGUAGE DEVELOPMENT

Communication skills move beyond direct verbal and nonverbal interaction, as middle
school children continue to prove their reading and writing skills. Their play includes secret
codes, word meanings, and made-up languages. Through these activities, they learn more
about language and bond with their friends.

Receptive vocabulary refers to all the words a person understands.
Expressive vocabulary refers to all the words an individual uses when speaking.

By the age of 12, children typically have receptive vocabularies of 50,000 words
(Owens, 2001).

By the completion of middle school, communication skills are almost equal to those of adults.
By the age of 15, most youth are masters of language and competent communicators.
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Table 2.3 Summary of Development for Children 7 to 14 Years
7-8 Years 9-11 Years 12-14 Years
« Increased problem-solving Plans future actions » Engages in abstract thought
S ability Solves problems with « Uses hypothetical reasoning
g_ « Longer attention span minimal physical output . Speculates about future events
% « May still have difficulty May still have difficulty
T considering all the logical, considering all of the
(=] possible outcomes of their logical, possible out-
= actions comes their actions
'E « Understands concrete,
g hands-on problems or
o situations and applies
basic logic
« Good sense of balance Girls are generally » Enjoys playing organized sports
© | + Better manipulative skills aEea_d of boys n  Better able to judge distances
- o L physical maturity
S E (e.g., can easily tie - Endurance improves
% S shoelaces) Improved coordination P
>0 g . . .
£ | . Catches small balls and reaction time Body hair begins to emerge
0 L]
O | . Nearly mature brain size Increased body strength Body shape changes for boys

and hand dexterity

(broad shoulders) and girls
(curves and breasts)

Social and Emotional Development

Enjoys an audience

Sees things from other
children’s points of view,
but still very self-centered

Finds criticism or failure
difficult to handle

Views things as black and
white, right or wrong, good
or bad with little middle
ground

Begins to see parents
and authority figures as
fallible human beings

Better understands
other people’s perspec-
tives instead of only
their own

Enjoys being a member
of a club; peers become
very important

« Different interests than the
opposite sex

» Values peer acceptance highly

» Becomes daring and/or
adventurous

« Interested in real tasks and real
activities

(Valerie Rice)

Language Development

Talks a lot
Brags

Communicates thoughts
and ideas

Often has rituals, rules,
secret codes, and
made-up languages

Likes to read fictional
stories, magazines, and
how-to project books

May be interested in
their eventual career

Uses cursive writing

» Has receptive vocabulary of
50,000 words

« Communication skills almost
equal to an adult

« Competent communicators

29



Ergonomics for Children: Designing products and places for toddlers to teens

OPTIMAL STIMULATION

Optimal stimulation is the force that drives children to explore their environments by using
objects in new and different ways. The optimal level of stimulation varies between children
and depends on the child’s temperament, their family, and environmental situations.

Adults (parents, teachers, and caregivers) can help children discover their optimal
level of stimulation. Through exploration and trial and error, children find their optimal level
and put it into practice.

As children explore their world, they test their limits and the limits of objects they use.
Confined only by their imaginations and developmental capabilities, they try activities that
are not within their physical capabilities. They learn both by accomplishing tasks and through
failing at tasks. As they invent new ways to use objects and try different methods of commu-
nicating, they begin to understand who they are, how they fit in, and how they can have an
affect on their world.

EXPLORATION STRATEGIES

Exploration strategies are conscious or unconscious behaviors that children use to learn
about their world. These vary in frequency, duration, and intensity depending on a child’s
stage of development and environment. However, all children use the same sequence of
exploration strategies and typically use all exploration strategies available to them.

MOUTHING

Infants suck on and mouth objects out of frustra-
tion, a need for contact or to explore their world
(see Figure 2.11). Children mouth objects for up to
1 to 1% hours per day (DTI, 2002), but only mouth
nonpacifier objects for about 36 minutes each day
(Juberg et al., 2001). Mouthing gives infants more
information about an object than any other explora-
tion strategy.

When faced with a new object, children as
old as 5 use mouthing as an exploration strategy.
Children with developmental delays may do so
well into the school-age years.

The mouth is a source of pleasure for children
(and adults), which often leads to mouthing for
extended periods of time. Young children may
explore objects, while older children and adults
chew gum. Furthermore, tooth development con-
tinues into the teenage years and one source of
relief during “teething” is chewing.

MOUTHING AND LOOKING

Figure 2.11 (Intertek) Infants and toddlers often integrate vision into their
Cl?lhﬂdren use mouthing to learndab}?ut ] exploration of objects by looking at an object and then
119 B, 012 SOOI SApE mouthing it and vice versa. In this way, they actively
objects. Young children use this technique of . ’ . ) )
exploring their world more than any other. connect the visual image of an object with the way it

feels in their mouth (Figure 2.12 and Figure 2.13).
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Figure 2.12  (Intertek) Figure 2.13 (Intertek)
This 9-month-old child is alternately looking at a toy and then mouthing it. This helps the child connect
visual and tactile information to understand the toys construction.

ROTATING AND TRANSFERRING HAND-TO-HAND

Children quickly learn about the three-dimensional qualities of objects during play. This
newfound discovery leads them to rotate an object with one or both hands as they visually
inspect it (Figure 2.14 and Figure 2.15).

Figure 2.14 (Intertek) Figure 2.15 (Intertek)
This 2 year old and 10 month old demonstrate learning through rotation and transfer of objects. Initially,
children rotate objects with one hand, turning them back and forth while examining different sides.

As motor coordination improves, children use both hands to rotate objects and pass them from one hand
to the other. Doing so helps children learn properties of the object (size, shape, weight, and consistency),
while they practice new motor skills such as releasing, grasping, and using two hands together.
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INSERTION (BODY INTO OBJECT AND OBJECT INTO BODY)

When infants and toddlers learn to isolate one finger without extending the others, they
begin to explore by insertion. They explore objects by putting fingers in objects or running
fingers along their outside edges.

As children explore they also insert other body parts (hands, feet, legs, head, etc.) and
their entire bodies into objects (Figure 2.16 and Figure 2.17) or they may insert items into
their own body cavities (Figure 2.18). The last insertion strategy is used most extensively
by (but not limited to) 2- and 3-year-old children.

Figure 2.16 (Intertek) Figure 2.17 (Rita Malone)

Children explore by inserting their fingers,
hands, feet, and even their head into
various objects, such as this 2-year-old
child inserting her head into a bowl.

They also love to insert their entire
bodies into cabinets, baskets, and in this
case, into a clay pot! Children also try
inserting objects into their own body
cavities. This 2-year-old is inserting
drumsticks into his ears.

Figure 2.18 (Intertek)
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BANGING, THROWING, AND DROPPING

Banging is a developmental strategy that does not readily lend itself to explanation. Children
appear to bang objects together in order to hear sounds and evaluate their weight and
textures (Figure 2.19).

Children under the age of 5 like to throw objects. The act of throwing helps the child to
evaluate the object’s weight and weight distribution (Figure 2.20).

Infants and toddlers drop objects to learn more about object permanence (discussed
earlier in cognitive development). When infants or toddlers notice that caring adults will
retrieve a toy, dish, or cup they drop from their high chair, they begin to understand that
objects still exist when they no longer see them.

Figure 2.19 (Intertek)

Children love to bang objects together. They seem to
love the sounds and seeing one object make another
skid away or fall. This is one of their first lessons in
cause-and-effect. They see, first hand, how their own
actions affect the world around them.

Figure 2.20 (Intertek)

This 2-year-old is exercising his motor skills and
power by throwing. While this activity seems
destructive to adults, children learn about object
weight, lifting strategies, and their own strength by
throwing.
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Figure 2.21 (Intertek)

This 1-year-old is experimenting with toys to see
how they interact. In this way, he answers questions
such as “Can this toy fit on top, inside, or over
another object?”

COMBINING OBJECTS

Toddlers, in particular, enjoy exploring how objects fit together. They attempt to view and
understand the different ways that objects interact (Figure 2.21).

MATCHING OBJECTS

By their 18th month, children begin to differentiate between the concepts of “same”
and “different.” Children try to group objects with similar characteristics or functions
(Figure 2.22).

Figure 2.22 (Intertek)
Children learn by grouping objects that are the
same.

This 2-year-old is matching similar cars that
are the same size, shape, and color.
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USING OBJECTS APPROPRIATELY

Children use objects as intended—
but also experiment by using them
in alternate ways. For example, chil-
dren explore roles by talking into toy
telephones or “feeding” dolls. When
children begin using objects appro-
priately, they will not understand and
sometimes even become upset, if
another player uses the object in a
way that does not make sense to the
child (Figure 2.23 and Figure 2.24).

Figure 2.23 (Intertek)

Figure 2.24 (Intertek)
Once children learn how to use objects
“correctly;” they are quite proud of their
knowledge. They sometimes become
upset or angry when someone uses them
inappropriately.

These pictures show children playing
appropriately, stacking and inserting blocks
into a container and feeding their doll.

REPRESENTATIONAL PLAY

Representational play or “roleplay” recreates real life. The child puts together real-life
dramas using objects as props (Figure 2.25 and Figure 2.26). Common examples include
playing dress-up, pretending to be “mommy,” “daddy,” or “baby” and playing school with
teachers and students. Another example is pretending to be a character witnessed on
television—for many young children what they see on television is “real-life.”
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Figure 2.25 (Intertek) Figure 2.26 (Valerie Rice)
During representational play, children recreate life as they see it. Here one little girl plays dress up, while another
pretends to be a teacher. In this way, children explore social roles by “trying them on”

IMAGINATIVE PLAY

In imaginative play, the child is no longer content to use objects in their intended ways. Instead,
they experiment and discover other ways to use objects. For example, they may use a block as
a telephone or their living room furniture can become a “magical” castle (Figure 2.27).

Figure 2.27 (Intertek)

Imaginary play lets children explore relationships in unexpected
ways. This 5-year-old is using his imagination to bring
different objects into his game, creating a unique scenario.
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TESTING THE LIMITS

Testing one’s own limits and the limits of
one’s own environment is also a type of
exploration strategy (Figure 2.28). School-
age children often test limits by increas-
ing risks. For example, 10-year-olds might
drop an object from a high place, set
something on fire, or run over something
with a bicycle. This form of exploration
helps children understand how to trans-
form objects.

However, children have a poor grasp
of cause and effect. Adult supervision
is essential. The risks they take may be
greater than they recognize, putting them-
selves or others in danger. Children often
perceive themselves as invincible.

SUMMARY

Each child is unique, but passes through
universal stages. Individuals who design
for children must understand how children
explore and learn about their surround-
ings as they progress through each devel-
opmental stage.

When we design to accommodate
each stage, we protect children even while
we challenge their abilities. In this type of
environment, children can develop and
test their skills one step at a time, build-
iNng one success upon another, gathering
momentum and confidence as they go
(Figure 2.29).
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Figure 2.28 (Intertek)

This 5-year-old is testing his balancing abilities. This
trial-and-error strategy increases along with a child’s
physical and cognitive development.

Figure 2.29 (Valerie Rice)
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INTRODUCTION

Anthropometry is the scientific measurement of sizes and shapes of the human body.
Product designers use anthropometric data to ensure that

« products are easy to use (for example, that toys are small enough for children to
grasp),

. controls are easy to reach (e.g., children can reach and operate the brake on a
bicycle),

« hands or fingers will not reach around or through guards (such as fire guards or into a
moving fan),

. adequate movement and reach zones (as in the design of playpens and cots) are
available, and
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Figure 3.1 (Ursy Potter Photography)

Children’s anthropometric dimensions vary considerably
within age groups and designing for children requires
adjusting the product dimensions to fit these ranges.

It also means rounded edging, avoiding openings that
could entrap children or their limbs, and planning for
children to use the items in unexpected ways.

In this playhouse, the windowsills and even the
flower box must support the weight of playing children.

« gaps and openings (such as railings or banisters) do not trap fingers, hands, and

heads (Figure 3.1).”

In collecting static anthropometric data,
researchers measure children’s (or adult’s)
body dimensions in standardized postures,
using equipment such as anthropometers and
tape measures. Recently, several large-scale
surveys have used three-dimensional scanning
techniques,t which offer many advantages
over more traditional methods.

Static data tell us little about how people
actually use a product. This is because “real
life” typically involves nonstandard postures
and movement (Figure 3.2).

Functional or dynamic anthropometry
describes the limits of movement, such
as how far different sizes of people can
reach overhead, in front of, or to the side of
the body. Although the title “functional” or
“‘dynamic” would seem to indicate that these
measurements represent real life, this is not

Figure 3.2 (Ursy Potter Photography)
Many anthropometric tables use static dimensions,
yet children at play are dynamic! Designers must
consider children’s dynamic ranges of motion in
products for children.

Also, anticipate “unexpected” uses of products.
Many children such as Charlie try out their newly
developing balance skills.

* Other applications for data on human body dimensions and shapes include clothing design, medical assessments, tracking nutritional status, and growth.

T See http://store.sae.org/caesar/ as an example.
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Figure 3.3 (Ursy Potter Photography)

One reason that dynamic anthropometric data
measured in standardized postures may not
represent how children realistically interact with
products or furniture is that most movements
involve a number of body movements. For
example, Jeda is holding with one hand, reaching
with the other, and bending at the waist.

These issues are particularly important when
designing for children. Anthropometric surveys
have historically focused on adult working
populations. Data on children were rare until
recently and may not be disseminated as widely.
One source of collated anthropometric data on
children is Childata (Norris and Wilson, 1995),
which brings together some of the larger and
more comprehensive surveys on children into one
resource.

necessarily the case. For instance, people increase their overhead reach by twisting,
standing on their toes, or jumping.

Yet, data on maximum overhead reach are usually measured with the person’s feet
flat on the floor and not straining. Such standardization is important so that data can be
compared across sources yet these sorts of dimensions, while intended to be applicable
to design, can still be unrepresentative of real life (Figure 3.3).

Measurements are taken with the child or adult only lightly clothed, for example in their
underwear, and barefoot. Clothing can alter a person’s dynamic anthropometry, for exam-
ple by restricting their posture (Figure 3.4). A correction of up to 25 mm (1 in.)* for shoes
for children up to age 12 and boys over 12, and 45 mm (13 in.) for girls over 12 years
and women is recommended (Norris and Wilson, 1995). Corrections for other clothing are
likely to be negligible, with the exception of outdoor wear, nappies, gloves, and protective
clothing such as cycle helmets.

DESIGNING FOR CHILDREN OF DIFFERENT AGES

Children are typically described by their age groups. For instance, when designing for
children, we often differentiate between preschool and school-age children. However,
childhood is a time of continual and rapid change in physical and psychological abilities
(perhaps like in old age—the other end of life!).

* The original data sources cited in this chapter present their data in millimeters and so for the rest of this chapter data will be presented in millimeters.
To convert millimeters to inches: 1 in. = 25.4 mm.
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Figure 3.4 (Stuart Smith)
The thick snowsuit and layers of clothes that Sami
is wearing to keep him warm also restrict his
movement. This means that he cannot keep both
feet on the footrests (which he needs to do for safe
use of the car) and finds it difficult to play with
the toy-bar in front of him. When he is dressed
in normal clothing he can keep his feet on the
footrests.

This highlights the importance of thinking of
the use of the product, and the anthropometric
data that are used to design it.

This means that using age categories for design purposes (in years or in months for
very young children) will likely misrepresent the true picture (Figure 3.5). The large variations
between children of the same age, particularly around adolescence, make it more difficult
to design for children than for adults. Designers of products for children must account for
such key stages in child development and important developmental factors.

The rate of growth varies during childhood. Growth is rapid during the first few years of
life and then slows until the adolescent growth spurt when it increases again.

The timing of the growth spurt varies between individuals and is different in boys and girls.
In general, this growth spurt occurs between the age of 9 and 14 years for girls and between
11 and 16 years for boys, although there is some evidence that the adolescent growth spurt is
starting earlier in today’s youth (Van Wieringen, 1986; Smith and Norris, 2001) (Figure 3.6).

Such differences in the age at which puberty and menarche are reached means that
some children may have finished growing while others have barely begun. In statistical
terms, this is demonstrated by an increase in the standard deviation (SD) of anthropometric
data for adolescents.
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Figure 3.5 (Ursy Potter Photography)

The large variation in size among children of
the same age, as well as their rapid growth,
make designing for children challenging.
Perhaps even more challenging is buying
products for children. For example, clothing
is often labeled by the year-of-age of the
children it is expected to fit; yet, it rarely fits
children of that age.

Figure 3.6 (Valerie Rice)
Simply considering age is not
sufficient for design, as gender
and development are also
important. For example, girl’s
growth spurts occur earlier
than boys (much to the chagrin
of both). Here, Elia at age 12 is
shorter than Alyssa aged 11.
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Children’s body dimensions not only
increase with age but also become more
variable within age groups. In statistical
terms, this means that the SD of anthro-
pometric measurements increases with
age.

Wide variation within age groups can
lead to an overlap across age groups.

For instance, a tall (95th percentile)

7-year-old boy may be taller than a short

(5th percentile) 10-year-old (132 and 129

cm, respectively [Pheasant, 1986]). This

variation within age groups sometimes

makes it more appropriate to design

according to variables other than age;

weight .fOl’ instancelils sometimes Lj.sed Figure 3.7 (Ursy Potter Photography)

to specify the suitability of baby carriers, Children’s body proportions change as they grow. For example,

car seats, and nappies or diapers. Some  ababy’s head is very large in comparison to its body size.

anthropometric data sources, particularly A newborn’s head length.is about 25% of their stature,
. but decreases to about 10% in adults.

those produced for growth studies are

in fact classified by weight, rather than

stature.

Anthropometric differences between the sexes appear slowly after birth and increase
with age. Differences in the timing of the adolescent growth spurt mean that girls can over-
take boys around adolescence in key anthropometric dimensions such as stature. After
approximately age 13, the anthropometric differences between the sexes become more
pronounced; for example, dimensions such as shoulder breadth in boys and hip breadth
in girls increase and begin to resemble adult proportions.

Body proportions change throughout childhood and adolescence. At birth, the ratios of
head length and leg length to stature are greater than in older children or adults. Children’s
bodies evidence “maturity gradients” in that in young children the upper body, particularly
the head, is closer to adult size than their lower bodies (Cameron et al., 1982; Tanner, 1962)
(Figure 3.7). These maturity gradients direct the developmental transition from children’s
large-headed, short-legged forms to typical adult proportions (Pheasant, 1996).

KEY SOURCES OF DATA

Table 3.1 summarizes the key sources of anthropometric data on children that are currently
available internationally; however, the list is not exhaustive. New sources are published or
become available regularly and, as is described in “Secular Trend,” it is important to use
the most up-to-date and applicable data available. Full references and a wider bibliography
are provided at the end of the chapter.
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INTERNATIONAL DIFFERENCES IN CHILD ANTHROPOMETRY

Appendix A presents the stature and weight data for two of the tallest and heaviest popula-
tions (United States and UK) and two of the shortest and lightest populations (Mexico and
Japan).

At age 2, the largest difference in average stature for males or females between the
UK, United States, and Mexico is only 12 mm, but by age 7, this increases to 32 mm. If
Japanese children are included, the difference is 67 mm. These differences increase as
children get older. The greater differential in sizes of children as they age means that an
international product designer needs to make greater use of anthropometric data for both
clothing design and marketing.

A similar comparison for body weight shows the largest difference for males or females
between the UK, United States, and Mexico at age 2 is 0.5 kg (1.1 Ib) and by age 7 is only
1.3kg (2.9 1b). If Japan is considered, the difference is 4.2 kg (9.3 Ib). Again, the difference
between the heaviest and lightest increases as children get older.

Table 3.2 compares the most recent stature data on UK children (Prescott-Clarke and
Primatesta, 1999) to the most comprehensive data set on children from the United States
(Snyder et al., 1977). The current UK child population is approximately 2% taller than the
same-age US children (data from Snyder are still considered representative of the current
US population [Ochsman and Van Houten, 1999]). The percent difference in body weight
is larger however, with the current UK child population being approximately 7% to 10.5%
heavier than US children.

Differences in anthropometric measurements between countries are usually expressed
as height, weight, and body mass index (BMI) or skinfold measurements, as these are
considered the most useful indicators of children’s growth. However, the designer needs
additional information regarding other dimensions such as head breadth, finger diameter,
and overhead reach.

One study comparing head circumference found a difference between UK and Japanese
children (UK children’s head circumference being greater than that of Japanese children)
and suggested that this primarily reflected the differences in stature. In fact, the ratio of
head circumference to stature was almost identical in UK, North American, and Japanese
children (Tsuzaki et al., 1990).

It has been suggested that differences in stature can be used to estimate differences
between populations in other body parts, by calculating the ratio of the body part to stature.
This assumes that body proportions are similar in both populations and has been

Table 3.2 Comparison of the Latest Stature and Weight Data for UK Children
(Prescott-Clarke and Primatesta, 1999) to Data on US Children (Snyder et al., 1977)

Percent Difference between the US and UK Data

Stature Weight
Source Male (2-18) | Female (2-18) | Male (3—-18) | Female (3—18)
USA (Snyder . . . o
etal., 1977) —2.3% —2.2% —6.9% 10.4%

Note: A negative value indicates that the US data are lower than the UK data.
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demonstrated to be an acceptable method of estimation for body lengths, but less so for
those measurements subject to body-fat deposits such as body breadths and circum-
ferential measurements (Pheasant, 1982).

Where there are small differences in stature between countries (i.e., those considered
to have comparable populations such as the UK and US), these differences might be
considered negligible for other, smaller body dimensions such as finger measurements.
This is especially true, given the confidence limits within which all anthropometric data are
reported; for example, stature data is often only measured to within the nearest 5 mm
(Lindsay et al, 1994; Chinn and Rona, 1984) and some data are rounded to the nearest
5 mm (Pheasant, 1986).

For larger body dimensions such as shoulder height, the adjustment is still small compared to
the amount of variation found within each age group (shoulder height varies by 180 mm between
5th and 95th percentile 18-year-old boys). However, there can be larger differences between
countries in weight and this will have a greater impact on difference in “fatty” dimensions. When
designing for an international population, it is important to consider all the indicators available
(i.e., stature and weight) and to be aware of how these translate across all parts of the body.

DESIGN IMPLICATIONS

Designing for children means thinking not only about the products that are intended for
use by children (such as toys, nursery products, and playground equipment), but also
about all of the products and environments with which children will come into contact
(Figure 3.8 and Figure 3.9).

This means that the designers of homes, education, leisure, and transport systems and
the products within them, should have children in mind, particularly when it comes to safety.
Architectural features such as stairs, door and window handles, guards, railings, and balus-
trades as well as household consumer products such as kitchen and electrical goods must

Figure 3.8 (Ursy Potter Photography)
Most designers concentrate on the
original purpose of the product and
obviously, kitchen tables and chairs are
for sitting and eating.

However, has there ever been a
kitchen table and set of chairs in a
home with children that has not also
served as a place to hide or build a “tent” or
“fort?” It might be worth advertising a
table and chairs as “child friendly;” with
rounded edges and guards over hardware
underneath to prevent children from
receiving cuts or scratches. It might be a
selling point for parents or caregivers.
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Figure 3.9 (Valerie Rice)
Theaters for movies, plays, or
musical presentations can be
particularly difficult for young
children. Certainly, young
children attend presentations in
these venues, yet there is little to
no accommodation for them.

accommodate children (Figure 3.10). The
designs could prevent use and opera-
tion by children, such as with guards for
electrical outlets. Table 3.3 shows how
anthropometric data can be applied to
different design requirements.

Although many designs aimtoinclude
the majority of the population and exclude
the extremes, there are times when this is
unacceptable. There is a risk of injury in
these critical situations.

Here, safety margins or a safety tol-
erance (i.e., an extra percentage of the
dimension or a fixed dimension) should
be added to the maximum percentile to
ensure the entire population is included.
For example, if a fireguard is to be effec-
tive, there must be no risk of any child
being able to pass their fingers through,
or around, the guard to reach the fire.
By a combination of minimizing gaps in
the guard and increasing the distance
between the guard and the fire, the risk
of injury can be considerably reduced,
even for children with the smallest diam-
eter fingers and with the longest arms.

Figure 3.10 (Ursy Potter Photography)
Designers must consider whether children will come into
contact with their products.

For example, this bay window sits close enough to the
floor that innovative small children can climb onto the
window shelf. They cannot, however, unlock the windows as
they have both lower and higher locking mechanisms. They
could fall against the glass, burn themselves on the hot lamp
or light bulb, or knock over and break the objects on the
window shelf break (and possibly cut themselves).

49



Ergonomics for Children: Designing products and places for toddlers to teens

olreuads ubisep
[eoniio-A1a1es e si 1 JI 8durI8|0] A18JeS B ppe pue

Buibexoed juesisal-piiyo
a|geladoul ale 0} SOA0]S UO S|0JU0D

wiay} o} papusiul
10U s1onpo.d Buisn wouy

$S9| 10 saneA ajuaalad yig asn <69 uonendod . . POPN[OXS BI€ USIPIIUI uolsnjox3
B} JO 1s8¥eam JO }Sa||ewsS ay} apnjoxa o0} ubiseq 919 ‘spaenb ‘sbures 1eys os Aujiqesadoul pue
' ‘siallieq Jo uswsaoe|d pue ubisaq Aljiqisseooeul ainsuj
"010 ‘spienb
oleuads ubisap [eonuo-Alefes e si -all} ‘si9|jo41s Jo saieyoysnd Buipjo}
U JI @oueI9|0] A19)BS B ppER puk SaNn|eA awallxe alow ‘spseoqdno ‘sioop uabuly 10 pueH
asn ‘Ajgjes ainuade Jo deb ay; ybnouyy pue ol o € ‘ sued Apoq Jo Apoq
ssed ued ‘g|uaaiad Yyige 68 ‘uonendod ay; jo -Mhmm ﬁwc%wsw_m%cﬁg_w\wmram %%UNN a|oym ayy jo uonuslal | jusawdenuy
1sabue| ay1 1ey} Jo sainuade Jo sdeb ojul yed Apoq s1o _ M ‘505 ' .c:p ‘o wm 0o - %m [eUOUBIUIUN PIOAY
ay} ssed jouued ‘Igjjews 1o sanjen ajiuadlad Yyig PPE| 'SPSq %UNG 'S9PIS 109 -pesH
“B 8 ‘uonendod ay} Jo 1s8jjEWS By} BINSus 0} ubisaq "019 ‘saulyoew
Buiysem ‘sbuies :Apoq ajoyp
OLBUSIS yoeal
ubisep [eano-Alajes e si 1l JI 80UeI9|0] bm_m.m e ppe 010 aJe spiezey pue sped Buino _ueLuIuN _wowycmmm_wcmm 2oUBIED
pue Jajealb 1o sanjen gjiuadlad yige asn 6o ‘uon 189S pue ysop usamiaq dex) ! oAB O _mwegﬂ. 19
-e|ndod ay; jo 1sebie| ay} ayepowiwodoe 0y ubisaq P! H Id
sayoley sse0y
- ybrey deig
© 5111 80UEIBI01 K115 & pRb PUE JoleLs @S entosyo pue
e R ¢ Uoeal ulyum sie areudoldde pue sseooe yoeay
1o sanjeaA a|usaiad yig asn ““H-e ‘uonendod SUOIONIISUI PUE ‘S[OgEe| JO UOFRLLIO}UI SINSUB 0) JUBWB0EB|Y
wswdinba Buipasy ‘ainjuiny [00YoS
(019 ‘sjuresisal Jed
‘s1eas Jed ‘s)00| Juelsisal-p|Iyo ‘sajeb
Jie]s ‘sjaway 9940) uswdinba Ajajes asn
(-010 ‘sko} [eyuswdojenap 911088 pue aleudoidde w4
oureuads ubisep [eonuo-Alajes ‘sonel ‘sejzznd ‘saweb ‘sAo} Uo apl pue yorew j1onpoid :
B S| 1l JI 90uUeRlI9|0] A19JeS B ppe pue sawallxe 1ojealb ‘sajokoiq ‘yuswdinbe punoibAed) sko | -lasn ainsus 0} ubiseg
10 ajuadiad YiGe 01 YiG 1se9| 1e asn ‘ojdwexa 104 ‘ .
(010 ‘semoq ‘sislyoed
uone|ndod ‘sl9||oJis ‘siieyoysnd ‘siayem ‘sieyo
3y} Jo abues wnwixew ay} slepowwodde 0] ubisaqg -ybiy ‘spaq ‘s109) sonpolid a1eopyD
alepowiwoddy 0} ubisaqg sajdwex3 wiy olIBUS9S
: : ubisag

ualp|iyn 4o} subisaq 01 ejeq ouewodoiyiuy Ajlddy o1 shepy €€ ajgel

50



Child anthropometry

USE ANTHROPOMETRIC DATA WITH CAUTION

Published anthropometric data usually present mean, SD, and a selection of percentile
values (typically 5th and 95th percentiles). Percentile values, although useful, may cause
unintended design problems, such as reduced accommodation afforded by a design, if
applied incorrectly. Table 3.4 presents some of the more common errors in using percen-
tiles (more discussion of these issues may be found in Roebuck, 1995):

Table 3.4 How Can We Apply Anthropometric Data

Anthropometric
Principles

Do Not (for example)

Why?

1. A percentile value is
a point on a scale for
a specified
population

Assume that a child
with a 95th percentile
arm length has longer
arms than 95% of
other populations

Different ethnic groups may have different body
proportions, so one group may naturally have
longer arms. This means that using 95th percen-
tile arm length from a population with shorter-arm
proportions will not accommodate 95th percent of
children’s reaches

Use care when using data from another popula-
tion to ensure that the two populations are similar

2. Percentile values
indicate the rank
order of the data,? but
not the magnitude of
change between
percentiles

Assume that the
difference between
the 5th and 10th
percentile is the same
as the difference
between the 90th and
95th percentile®

We cannot assume that the difference between
percentile values for one dimension will be the
same for other dimensions, nor is the magnitude
of change the same between various percentiles

3. Body dimensions,
and body-part
dimensions, are not
consistently related

Add 95th percentile
shoulder-to-wrist
length to 95th percen-
tile hand length to
calculate 95th percen-
tile arm length

This will not give a correct 95th percentile
shoulder-to-fingertip length, because people’s
body dimensions differ in relationship to each
other

4. Percentiles describe
a size on one dimen-
sion only

For example, the 95th
percentile person
does not exist in
reality, as no person is
95th percentile on all
dimensions

Two people of 95th percentile stature may be of
the same height for different reasons. One may

have long legs and a short torso, while the other
may have short legs and a long torso

Even if one allows for a plus or minus 15%
tolerance level, no individual person’s complete
set of anthropometric measurements could be
included when designing at the 50th percentile
level (Roebuck et al., 1975; Daniels, 1952;
Vasu et al., 2000)

@ That is, ordered in rank from lowest to highest, or the 1st to 99th percentile.
b For example, the difference between 5th and 10th percentiles may be 3 mm, while between 90th and

95th it may be 10 mm.
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The selection of the most appropriate dimension is critical when using anthropometric
data. However, users of the dimensions must be aware of how the measurements were
taken and what they mean. Anthropometric surveys do not always follow standardized
protocols for naming and defining variables. This may mean that two surveys use the same
name for two different dimensions.

For example, the Childata handbook contains two entries for hip breadth, one
measured at the trochanters (the bony prominences near the thigh bone), and the other
being the maximal measurement while seated. These dimensions are both called hip
breadth but provide different data. For this reason, designers should read the definition
of a dimension when selecting it for use in design. This is especially important when
comparing data across different populations, so comparisons are made on the same
dimensions.

REASONS FOR HUMAN VARIABILITY

Anthropometric data are used to ensure that products are produced to fit and suit as many
people as possible. As described above, it is readily apparent that children vary in size,
shape, physical and psychological abilities, as well as in personal preferences.

Even so, it is important to determine exactly how people vary and how many people will
be accommodated, or excluded, with a certain set of design parameters. It is important
to understand the reasons for and the extent of human variability and how the group of
children for whom we have data may differ from those we are trying to accommodate in
our designs (Figure 3.11). Table 3.5 summarizes some of the reasons for human anthro-
pometric variability.

Figure 3.11 (Ursy Potter Photography)
Anthropometric variability at any given age can be
more extreme in children than in adults. Although
this creates a challenge, there are certainly ways to
accommodate children of all sizes and shapes.

In this example, the stool is a precarious long-term
answer for reaching the water fountain. The lowered
water fountain should have been positioned carefully
to include the shortest children, as taller children
would still have been able to use it.
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Table 3.5 Major Sources of Anthropometric Variability

Sources of Variability Implications
When designing to accommodate the range of a mixed population,
examine data carefully before automatically using the 5th percentile
female and 95th percentile male values to set design limits, as is often
accepted practice when designing for adults.
There may be instances when these will not accommodate the range of
. . children at a particular age, especially during adolescence.
© | Body proportions can ) )
2 vary between the sexes For example, 12-year-old girls tend to be bigger than boys. They can be
Q T .
@ | during childhood . taller—95th percentile UK female stature is 16.3 cm compared to
16.2 cm for males (Pheasant, 1996),
» heavier—95th percentile UK female weight is 56kg (123.4 Ib)
compared to 54 kg (119 Ib) for males (Pheasant, 1996), and
« have wider hips—97th percentile Dutch female hip breadth is 344 mm
compared to 318 mm for males (Steenbekkers, 1993).
Trends in data in one age group may not apply to another. That is, the
proportional change in a particular body dimension over one age range
(say 12 to 24 months) will not be the same over another age range
(such as 5 to 6 years).
This is particularly important with infants and adolescents, when anthro-
2 . pometric measurements can change rapidly.
5 | Children do not develop ] ) ]
O | at a steady rate Data on infants are sometimes presented in 6-monthly age bands,
(0 throughout childhood during which a rapid growth can occur, and so mean data for such
= groups should be used with caution.
< It is also important to check the details of how data were collected and
categorized. The specification of ages of children used to collect data
can vary between sources. For example, some studies define age in
calendar years so that age 5 includes children aged 60 to 72 months.
Others use the 5th birthday as a midpoint and categorize children
aged 5 as those from 54 to 66 months.
This is because much behavioral research is carried out for medical
Anthropometric applications, such as establishing growth standards or medical refer-
and performance ence “norms” and not for design.
£ | measurements are Most anthropometric data are intended to represent the “majority” of
g | nearly always carried children, meaning it will not include those with impairments.
% | out on children without _ _ _ . _
8 | any form of physical or Designs using these data will not necessarily accommodate children
psycho'ogical with a d|Sab|l|ty
impairments This is a serious inadequacy, as design data on children with disabilities
is quite limited.

(continued)
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Table 3.5 Major Sources of Anthropometric Variability (Continued)

Sources of Variability Implications

» Some researchers suggest that worldwide variation in stature is nearly
40 cm (15.75 in.), between the mean height of the tallest and shortest
adults in the world (Pheasant, 1986).

within the same country and the same ethnic background.

()]

8 « There are also anthropometric differences between children of different
= ) ethnic groups, which have relevance for multiracial or ethnic

@ | Children around the communities such as in Europe and North America (Gatrad et al., 1994).
£ | world differ in size and o o

e shape (Figure 3.12) + Anthropometric dlfference§ are not olnIy ca.used by genetic q[fferences,
® | (also see Table 3.1) but can also vary due to differences in socioeconomic conditions, even
=}

S

(&)

This is particularly so in developing countries, but even within the UK,
small differences in the rate of growth have been observed between
children in Scotland and England (Monteiro et al., 1994; Chinn and
Rona, 1994).

Figure 3.12  (Ursy Potter Photography)

For anthropometric data to be representative of a population,
they should account for all racial or ethnic, demographic,
and socioeconomic variables within that population. Very
few studies are able to do this, and it is extremely difficult to
keep up with the flux in society.
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SECULAR TREND

The term “secular trend” refers to historical changes over time. In anthropometry, secular
trends refer to changes in the body sizes of children over the past decades. It is generally
accepted that a secular (or historical) growth trend exists for adults. The average secular
increase in height is thought to be ~10 mm per decade in Europe and North America
(Eveleth and Tanner, 1990). In the UK, mean adult-male stature increased by 17 mm and
mean female stature by 12 mm during the period 1981 to 1995 (Peebles and Norris, 1998).
However, some authorities believe that such growth is slowing or has virtually ceased for
developed countries (Roebuck, 1995; Pheasant, 1996).

There is some suggestion of secular growth evidence for children also. The rate of
changes in growth for multiple countries between 1962 and 1982 appear to indicate that
the growth has slowed and the reasons behind the growth have reached their peak of
influence (Tanner, 1962, 1978; Tanner et al., 1982). In the UK, it was concluded that a
trend of increased stature in 5- to 11-year-olds had ceased during the period 1970-1986
(Chinn et al., 1989) and one study concluded that no evidence existed for secular growth
trends in the UK after 1959 (Rona, 1981). Similarly, in 1985, Pheasant stated, “there is no
evidence that the secular trend in growth is continuing at the present time or has operated
in the recent past” (DES, 1985, p. 1). The same has been found for secular growth change
at birth (Roche, 1979). Ochsman and Van Houten (1999) report that the overall changes
found in body sizes of US children were not considered to be of a large enough magnitude
to update the data of Snyder et al. (1977), which was one of the first comprehensive
surveys on children.

Similar work by Smith and Norris (2001, 2004) examined the growth of children in the UK and
United States over the past three decades to assess secular growth trends. Stature increases
were generally less than body weight increases (as a percentage) at 5th percentile, mean, and
95th percentile levels for UK children. Also, UK children now were found to be closer in size to
US children than they were 30 years ago. Table 3.6 shows the largest increases in stature for
UK children.

In summary, the available evidence would appear to indicate that secular growth trends
are slowing significantly across all ages for stature and other “bony” dimensions. However,
weight and other circumference and breadth dimensions have increased dramatically over
the past decades. For example, Table 3.7 shows the largest increases in body weight for
UK children over the past 25 years.

Table 3.6 Largest Increases in the Stature of UK Children between
the Early 1970s (DES, 1972) and the Mid-1990s (Prescott-Clarke and
Primatesta, 1999)

Percentile Males Females
5th 56 mm, 4% (age 13) 51 mm, 4% (age 12)
Mean 47 mm, 3% (age 13) 41 mm, 3% (age 11)
95th 51 mm, 3% (age 11/13) | 42 mm, 3% (age 11)
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Table 3.7 Largest Increases in the Body Weight of UK Children between the Early
1970s (DES, 1972) and the Mid-1990s (Prescott-Clarke and Primatesta, 1999)
Percentile Males Females
5th 7 kg (15.4 Ib) at age 15 6 kg (13.2 Ib) at age 13
16%2 (age 15) 24% (age 10)
Mean 6 kg (13.2 Ib) at age 15 5.5kg (12.1 Ib) at age 12
12% (age 13) 13% (age 12)
95th 15 kg (33 Ib) at age 17 16 kg (35.2 Ib) at age 18
20% (age 10) 24% (age 7)

@ The largest percentage increases in weight occur in younger children as the
proportional increases are greater for younger children.

A pattern was identified for changes in absolute body weight at 5th, mean, and 95th
percentile levels. Once past 6 years of age, 95th percentile weight increases the most
(at each year of age), often by more than double the rate of increase of mean or 5th percentile
at that age. This indicates that the heaviest 5% of the population are increasing in weight
at a greater rate than the rest of the population. Such large increases in weight and other
“fatty” dimensions, coupled with the leveling out of stature increases, means that the body
shape of children will become more endomorphic in nature, reflected by the fact that levels
of overweight and obese children are increasing in many countries.

The Center for Disease Control (CDC) in the United States reports that there are nearly
twice as many overweight children and almost three times as many overweight adoles-
cents as there were in 1980.* In 1999, 13% of children and adolescents were classified as
overweight (DHHS, 1999). There appear to be similar increases in the UK (Prescott-Clarke
and Primatesta, 1999).

Little is known about how a secular increase in stature affects other anthropometric
measurements. Some suggest that a secular increase in stature in some countries can
be almost fully attributed to an increase in leg length (Van Wieringen, 1986; Gerver et al.,
1994). However, we need more precise information using comparable data over long periods
of time on a complete range of body dimensions and from a large sample of countries.
Such data are not yet available, so current interpretations of secular trend are based solely
on stature and weight data.

SUMMARY

Childhood is a time of rapid and inconsistent growth, when the variance in a body dimension
at a given age will be greater than at any time in later life. The timing of adolescent
growth spurts can mean that younger children can temporarily “overtake” their seniors
and designing for even one age group can be difficult, let alone using the generic concept
of “designing for children.”

* These charts can be seen at www.cdc.gov/ncedphp/dnpa/obesity/faq.htm#children.
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This chapter has also emphasized inter-
national differences in child anthropometry,
which given the growing internationalization
of markets, means that an even wider spec-
trum of anthropometric requirements need to
be met.

Children are one of the vulnerable sections
of society, in terms of the potential serious out-
come of minor accidents, but this needs to be
balanced by their need to explore and learn
about their environment and the need for play.
This means designing for children must focus
on a balance between safety and stimulation,
a solid foundation for design, and a careful
applicationof reliable and valid anthropometric
data, backed by thorough user testing.

Figure 3.13 (Stuart Smith)
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KEY INTERNET RESOURCES

www.itl.nist.gov/iaui/ovrt/projects/anthrokids/

This site contains the data and additional information on the work of Snyder et al. (1975, 1977).

www.archive.official-documents.co.uk/document/doh/survey97/hse95.htm

This site contains the full text of the Health Survey for England 1995-97 (Prescott-Clarke and Primatesta, 1999).

www.cdc.gov/nchs/nhanes.htm

This is the gateway to the NHANES series of reports, featuring data tables and graphs, methodology details, and
more.

www.cdc.gov/growthcharts/

This site is the Center for Disease Control (CDC) in the United States, specifically presenting the latest growth charts
for children.

www.virart.nottingham.ac.uk/pstg

Information and ordering information on the publication Childata (Norris and Wilson, 1995), a comprehensive
collection of anthropometric data on children, is available on this site, along with information on other strength and
safety critical data for children.

www.humanics-es.com/recc-children.htm

Humanics ErgoSystems, Inc. Web site contains extensive research and resources of interest on ergonomics, safety, and
health for children around the world.
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APPENDIX 3A. ANTHROPOMETRIC DATA

Table 3.A1 Children’s Stature (mm)? for UK, USA, Japan, and Mexico

Country Sex Age Mean 5th 95th Sex Age | Mean 5th 95th
2 910 837 985 2 901 831 975

3 992 916 1066 3 983 912 1061

4 1059 982 1136 4 1055 983 1130

5 1122 1039 1212 5 1120 | 1029 1210

6 1189 1109 1274 6 1182 | 1085 1264

7 1250 1168 1339 7 1241 1154 1346

8 1311 1222 1412 8 1297 | 1211 1392

9 1359 1260 1454 o 9 1358 | 1252 1473

% é 10 1413 1304 1518 g 10 1420 | 1319 1532
11 1473 1360 1586 - 11 1481 1358 1612

12 1523 1402 1659 12 1539 | 1421 1645

13 1597 1456 1751 13 1579 | 1464 1687

14 1656 1506 1800 14 1611 1512 1714

15 1720 1602 1848 15 1624 | 1510 1725

16 1750 1627 1868 16 1638 | 1541 1742

17 1760 1646 1870 17 1632 | 1531 1737

18 1764 1662 1881 18 1634 | 1532 1739

2 909 846 978 2 897 825 969
3 988 919 1057 3 982 913 1060

4 1052 981 1133 4 1051 972 1125

5 1123 1042 1214 5 1122 | 1039 1208

6 1189 1082 1294 6 1179 1091 1278

% 7 1260 1150 1356 o 7 1243 1147 1383
ﬁ § 8 1313 1224 1407 g 8 1311 1193 1412
% 9 1377 1275 1490 - 9 1366 | 1269 1486
10 1420 1300 1530 10 1427 1329 1547

11 1474 1369 1602 11 1502 1384 1617

12 1555 1433 1683 12 1555 | 1433 1662

13 1616 1465 1756 13 1599 | 1494 1730

14 1690 1562 1812 14 1612 1501 1727
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Table 3.A1 Children’s Stature (mm)? for UK, USA, Japan, and Mexico (Continued)
Country Sex Age Mean 5th 95th Sex Age | Mean 5th 95th
15 1728 1588 1844 15 1628 | 1520 1713
% 16 1750 1619 1870 16 1631 1541 1734
= 17 1765 1629 1822 17 1634 1535 1740
18 1773 1664 1938 18 1632 | 1519 1749
7 1193 1117 1280 7 1186 1102 1274
8 1246 1169 1332 8 1236 1148 1321
9 1303 1215 1395 9 1300 | 1210 1403
10 1358 1261 1453 10 1358 | 1266 1461
11 1406 1317 1517 11 1427 | 1314 1531
= o 12 1473 1354 1590 % 12 1485 1371 1579
§- g 13 1552 1424 1674 E‘ 13 1531 1435 1625
14 1610 1489 1722 14 1556 | 1475 1641
15 1656 1558 1748 15 1572 1483 1661
16 1687 1597 1776 16 1573 | 1490 1666
17 1691 1595 1786 17 1578 | 1488 1669
18 1693 1603 1786 18 1581 1497 1671
2 898 832 958 2 897 831 963
3 970 905 1043 3 970 892 1044
4 1048 963 1120 4 1039 960 1112
5 1118 1029 1191 5 1108 | 1016 1188
6 1175 1086 1264 6 1167 1087 1256
7 1228 1134 1322 7 1218 1129 1307
8 1279 1185 1373 8 1269 | 1167 1371
o 9 1334 1233 1435 o 9 1318 1194 1442
'% é 10 1381 1270 1492 g 10 1399 | 1288 1510
= 11 1437 1325 1549 - 11 1457 1340 1574
12 1480 1358 1602 12 1500 | 1384 1616
13 1542 1410 1674 13 1533 | 1442 1624
14 1611 1482 1740 14 1555 1456 1654
15 1685 1571 1799 15 1577 | 1486 1668
16 1700 1594 1806 16 1588 | 1496 1680
17 1705 1599 1811 17 1582 1486 1678
18 1707 1608 1816 18 1572 | 1478 1666

a1 in.= 25.4 mm.
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Table 3.A2 Children’s Weight (kg)? for UK, United States, Japan, and Mexico

Country Sex Age | Mean 5th 95th Sex Age | Mean 5th 95th
2 14.2 11.6 17.5 2 13.7 11.2 16.7
3 16.4 13.4 20.2 3 16 12.8 20.2
4 18.4 15 225 4 18.3 14.7 23.4
5 20.4 16.3 255 5 20.4 16.2 255
6 229 18 291 6 22.8 17.7 30.2
7 25.8 20.5 33.7 7 25.9 19.8 37.9
8 29.1 22.7 39.4 8 28.8 21.7 41
9 32 24 43.9 . 9 32.7 24.2 45.7
% é 10 35.6 26.7 51.8 g 10 371 27.8 52.9
11 40.2 29.3 55.2 = 11 42.4 28.9 62.3
12 44.8 31 63.1 12 47.5 34.4 66
13 50.8 35 71.6 13 51.8 | 38.9 70.6
14 56.4 39 79.7 14 56.7 41.3 80.3
15 62.9 471 85.6 15 58.4 43.6 79.2
16 66.7 49.5 89.7 16 60.3 46.4 79.4
17 701 52.1 95.9 17 60.2 46.5 77.2
18 70.5 55.5 92.1 18 61.6 46.7 83.9
2 13.6 11.3 16.3 2 13.2 10.8 16.3
3 15.8 12.8 18.7 3 15.4 124 19.1
4 17.7 14.4 21.8 4 17.9 14.0 24.7
5 20.1 15.8 25.6 5 20.2 15.7 27.5
é 6 23.3 17.5 36.0 . 6 22.6 16.4 32.8
2 é 7 26.3 19.5 36.5 g 7 26.4 19.1 43.3
% 8 30.2 21.3 47.4 = 8 29.9 21.8 44.8
9 34.4 23.9 49.6 9 34.4 23.3 50.9
10 37.3 25.7 511 10 38 26.8 58.2
11 42.5 29.2 65.5 11 44.2 28.5 62.6
12 49.1 34.5 73.0 12 49 34.0 72.3
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Table 3.A2 Children’s Weight (kg)? for UK, United States, Japan, and Mexico (Continued)

Country Sex | Age | Mean 5th 95th Sex Age | Mean 5th 95th
13 54 36.6 80.0 13 55.8 37.0 81.8
14 60.6 43.6 81.6 14 58.5 44.4 81.5
< 15 66.1 491 97.6 15 58.2 45.7 78.3
g 16 68.8 51.8 98.1 16 61.7 46.2 85.6
17 72.9 53.6 107.8 17 62.4 47.9 81.5
18 71.3 55.5 100.9 18 61.5 441 92.5
7 22.8 18.2 291 7 22.2 17.2 29.0
8 25.6 20.2 34.5 8 24.4 19.5 31.7
9 28.8 22.4 39.5 9 28.3 21.6 39.2
10 32.7 24.6 46.1 10 31.4 24.2 42.3
11 36.2 26.9 51.1 11 36.1 27.3 48.0
§ % 12 40.6 29.2 57.5 é 12 41.2 29.8 53.9
S = 13 46.2 33.0 63.9 e 13 44.7 33.9 56.8
14 51.4 37.3 68.8 14 48.1 37.8 62.3
15 56.8 43.2 73.6 15 50.8 41.1 63.2
16 60.4 47.0 78.8 16 51.6 41.8 63.4
17 61.7 49.2 791 17 52.7 42.2 64.6
18 62.9 49.8 81.2 18 53.3 42.3 67.0
2 13.7 10.4 17.0 2 13.2 10.7 17.5
3 16.6 12.1 18.7 3 15.26 12.0 18.6
4 17.5 14.4 21.0 4 17.3 13.7 20.3
5 20.2 15.0 24.9 5 19.7 14.6 24.5
6 22.8 16.2 29.4 6 22.4 15.8 27.9
8 o 7 | 258 | 176 | 340 - 7 | 251 | 169 | 334
é g 8 29.3 19.4 39.2 E’ 8 28.4 18.5 38.3
9 32.8 21.3 44 .4 9 32.3 19.1 455
10 36.3 21.5 51.2 10 36.3 231 49.5
11 40.6 25.8 55.5 11 42.3 25.8 58.8
12 42.7 26.2 59.2 12 45.6 29.1 62
13 49.4 31.3 67.6 13 48.6 33.8 63
(continued)

63



Ergonomics for Children: Designing products and places for toddlers to teens

Table 3.A2 Children’s Weight (kg)? for UK, United States, Japan, and Mexico (Continued)

Country Sex | Age | Mean 5th 95th Sex Age | Mean 5th 95th
14 55.5 39 72 14 53.1 38.3 67.9

o 15 65.0 44.2 85.8 15 54.2 38.7 69.7

% 16 65.6 45.3 85.9 16 56.4 42.5 70.3

= 17 66.9 45.6 88.2 17 57.4 42.9 71.9

18 68.1 48.9 87.2 18 54.9 43.8 65.6

Note: Children’s weight (kg) for UK (Prescott-Clarke and Primatesta, 1999), United States
(DHHS, 1996), Japan (HQL, 1997), and Mexico (Chaurand et al., 2001).

2 1 kg = 2.2046 Ib.
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VISUAL ERGONOMICS FOR CHILDREN
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INTRODUCTION

Don’t sit so close to the TV. You'll ruin your eyes!
(Mother, 1969)

Mothers often admonish their children in this way. In one sense mother was right; visual
environments affect how children’s vision develops. Intensive near work can contribute to
myopia or nearsightedness. Yet in another sense mother was wrong; intensive near work
does not usually harm visual receptors in the eye or the visual part of the brain.

Children not only watch television, they play games on their televisions and use
computers for homework, schoolwork, games, and social interaction. Is this desirable?
Should parents set guidelines or encourage their children to use technologies?

Caregivers (and scientists) want to know if intensive computer use will affect their
children’s health, safety, and ability to learn. There is particular concern for very young
children, whose visual systems are still developing.

Althoughwe recognize that stimulating visual environments promote healthy visual systems
(Figure 4.1), little is known about what “stimulating environments” are and how to design them
(Figures 4.2 and 4.3).

66



Visual ergonomics for children

Visual ergonomists When is there too much
study children, their visual stimulation? Can
tasks, and their stimulating environments have
settings in order adverse effects? How do we
to evaluate and know when visual input is too
design healthy visual | little, too much, or just right?
environments. How do we know if a child

sees correctly, and how dowe
recognize visual problems?

[ was 9 or 10 when | first realized | needed glasses. | could
read. | hadn’t had problems in school. My father was
describing leaves on a distant tree. | replied, with all the
indignity that a child feels when they know they are being
told an untrue story, “you can't see leaves from here!” | saw
exactly what a child draws: a trunk with a large green blob
on top. He asked me about dew on the grass. “No one
sees dew on the grass; it's just something they write about
in books!” My father took me to an optometrist that same
week.

(V. Rice, 2005, Personal communication.)  Figure 4.1 (Ursy Potter Photography)

Children often have difficulty
communicating what they see and feel. Many lack the vocabulary to ade-
quately describe their visual problems. Instead, they avoid uncomfortable
visual tasks or ignore their discomfort.

Children may not be able to distinguish between normal and abnormal
sight. How can they realize their vision is blurry if they have never seen the world in sharp
focus? Since children may not communicate their visual problems, adults must watch for the
signs and teach children to recognize and describe their symptoms.

Teach children
to communicate
about symptoms
and discomfort.

Figure4.2 (Ursy Potter Photography) Figure4.3 (Ursy Potter Photography)
Children learn through their senses about the natural and social world around
them. They need rich, yet not overwhelming, visual information.
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Table 4.3 Visual Accommodation and Adaptation

Accommodation

a.

Accommodation enables us to view close objects (such as when reading) and to
shift our focus between near and far objects.

Our eyes must visually accommodate to objects at different viewing distances.
The ciliary muscle changes the shape of the lens in order to bend the incoming rays
of light so that they strike a point on the retina and enable us to see clearly.

. Vision blurs when light rays converge either too far in front of or too far behind the

retina.
The brain reacts to this blur and signals the ciliary muscles to change the shape of
the lens to bring the object into sharper focus.

Adaptation

a.

During visual adaptation, the visual system adjusts to different light levels.

In low light, our pupils widen to let more light enter our eyes.

When light levels increase, the pupils constrict in order to reduce the light entering
the eye.

It takes longer to adapt to low light than to bright light. For example, when you enter
a dark movie theater it takes a relatively long time to see where you are going. Yet
it takes only a few seconds for the eyes to adapt to daylight when exiting.

NORMAL VISUAL DEVELOPMENT

The various components of the eye and the kinds of vision
each mature at different rates. As the eyeball increases in
size, it begins to lengthen. The most rapid increase takes
place during the first year of life (Figure 4.6). The growth pro-
cess then slows down, with a gradual increase in length until
full growth—during the teen years (Brown, 1996; Pennie
et al., 2001). Tables 4.1-4.3 describe the anatomy of the eye
and normal vision. Table 4.4 describes the developmental
stages of vision. Table 4.5 provides a list of definitions associated

with vision.
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Figure 4.6 (Valerie Rice)
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Table 4.4 Developmental Stages of Vision (PBA, 2003; TSB, 2003)

Newborns do not see clearly.
 Pupils cannot fully dilate.

Newborns:
« See all colors except blue.

E « Lens is nearly spherical. . i i
o . « Initially respond to brightness and high
€ | + Retina and macula not fully developed. contrast and later shift to details and patterns.
2 | . Somewhat farsighted with some astigmatism. | . Prefer black and white (high contrast).
. Gen_terally between ®so (*/200) and *120 (*/400) | « Briefly focus on close objects such as faces.
acuity.
< By 1 month, they:
S | + Ability to focus on near objects « Can follow a slow moving object intermittently
= (accommodation) improves. (not smoothly).
T » Move eyes and head together.
At 2 months, infants:
» Focus on a face.
g « Watch people at a distance.
é + Accommodation approaches maturity. « Shift their focus between objects.
(Y « Attend to objects 6 ft away.
» Follow vertical movements better than
horizontal movements.
By 3 months, infants:
They visually focus and search. . Can.follow a slowly moving object and stop
» . . moving their head or eyes when the object stops.
£ | »+ Eye movements coordinate most of the time. _
c i i ) i « Prefer color (especially red and yellow), black
<E: » Visual attention and searching begins. and white, and faces.
] + Begins to associate visual stimuli with events | « Glance at objects as small as 2.5 cm (1 in.)
(e.g., bottle and feeding). diameter.
» Begin to associate visual objects with events.
Full retinal development
» Eyes accommodate for near and far objects Infants of this age:
.‘:: aggeback again as they begin to shift their « Discern sharp detail.
S gaze. ) , . » Develop an interest in using their hands.
= » Depth perception (distance) begins to . ) ) .
© develop. « Like to look at other babies and into mirrors.
o . . .
e | » By about 4 months, acuity is typically » Show an interest in novel sights.
between /eo (**/200) and “/so (**/300). « Recognize and respond to familiar faces.
» By about 5 months, their eyes can converge.
By 4 months, infants (Figures 4.7, 4.8, and 4.9)
@ follow objects with their eyes:
T « Past midline (horizontal), vertical, and in a
§ Distance and depth perception still circle.
1n | developing
o By about 5 months, they:
< » Begin to visually explore.

« Study objects with near vision.

(continue

d)
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Table 4.4 Developmental Stages of Vision (PBA, 2003; TSB, 2003) (Continued)

Distance and depth perception still
developing

« Eyes are %3 of adult size.

These children can:
» Recognize faces at a 6 ft distance.

Between 2 and 4, corneal thickness is
mature.

) .
% « Acuity is %0 (%%/200) O better. Betwgen 6 and 9 months, the child:
o ] i « Begins hand-to-hand transfers.
= « Eyes begin to work together for binocular
© vision. Between 9 and 12 months, the child will:
« Eye movements are well coordinated for « Search for objects after they have been
near and distant viewing. hidden (object permanence).
At this age, children can:
P Children focus and accommodate * Pick out simple forms.
2 | « Visual acuity is about %15 (*%/s0). » Visually track a 180° arc.
™ | « Depth perception is mature. « Practice eye—hand coordination and eye—
body movements by grasping, reaching, and
placing.
Preschoolers can:
At about 2 years: « Practice eye—hand coordination by drawing
« Optic nerve myelinization is completed,? and studying pictures.
g « Visual acuity is between /s (2%20) (normal) « Imitate.
o and /s (2%/0).
: 2 (%/s0) » Match colors and shapes.
» Can orient upright (vertically).
=] pright ( y) » Associate names with objects.
o | By about 3 years, the retina matures.

By about 3 years, they:

» Use visual memory for puzzles and drawing
simple shapes.

@ Myelinization is the forming of the fatty sheath surrounding some nerves.
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Figure 4.7 (Valerie Rice)

Figure 4.8 (Valerie Rice)

Between the ages of 3 and 6 months, babies begin to be able to discern detail and study their own hands,
their toys, and even their feet. As they mature, they begin to recognize and respond to familiar objects,

including familiar faces.
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Figure4.9 (Valerie Rice)
Newborns are more auditory than
visual; their visual systems lag
behind their auditory systems in
development. Although visually
stimulating environments are
important for normal development,
too much stimulation may
prematurely shift an infant to a visual
dominance. Children need balanced
environments that stimulate each

of their senses without bombarding
them with visual stimuli.

Figure 4.10 (Ursy Potter Photography)
Visually rich environments help children’s visual-motor systems mature.

By about this age Children can...

sort colors and identify a stick that is 5-8 cm (2-3 in.) longer than

<o S anenthiz another stick.

cut with a single “snipping” movement at a time on a drawn line

AN B MRS and hold a pencil with an adult-like grasp (Furuno, et. al., 1997).

48 months draw a person with a head and four features.

draw a person with a head and six features along with simple

54 months pictures of things seen or imagined.

draw a person with a head and eight features, such as the one

60 months drawn above by Zander (Johnson-Martin, et. al., 2004).
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Table 4.5 Normal Vision Involves More than Just “Seeing”, as Noted in These Definitions

Visual acuity Seeing fine details

Near vision Seeing close objects

Distance vision Seeing far objects, such as a blackboard
Binocular coordination Seeing with both eyes

Eye—-hand coordination Using the eyes and hands together

Moving both eyes simultaneously so they work together quickly and

Eye movement coordination .
y accurately, such as when reading

Focusing or accommodation Maintaining clear vision at different distances
Peripheral vision “Seeing” objects outside of the central area of vision
Color vision Distinguishing colors

DESCRIBING VISION AND VISUAL PROBLEMS

The following section describes vision and visual problems, as well as how they relate to
function and disability (Figure 4.11).

VISUAL ACUITY

Visual acuity is the
ability to see clearly

Parents and caretakers should. ..

use health care professionals to

evaluate their child’s vision.

« monitor their newborn’s vision in
the hospital nursery.

« make visual development part of

periodic “well-baby” checks and

before the child begins to read. Figure 4.11 (Ursy Potter Photography)
« provide infants with balanced Vision affects posture, in that children (and adults) will
sensory environments often adopt a particular posture to be able to see clearly

without even recognizing they are leaning or hunched.
Their focus is on being able to see, and they only recognize
the posture as fatiguing after they become sore.
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Table 4.6 How We Measure Visual Acuity

Optometrists and ophthalmologists typically
describe visual acuity as a fraction based on /s
(international) and 2%/ (in the United States)
vision:?

« The top number in the fraction represents the
distance in meters (feet) at which the person
can identify an object.

» The lower number represents the distance
from which a person with normal eyesight
could identify the same object.

» With the international 6/6 system, a person
with 6/10 vision can identify at 6 m what a
person with normal vision can see at 10 m.

« Using the 20/20 system in the United States,
a person with 20/400 vision can identify at 20
ft what a person with normal vision can see at
400 ft.

Reduced visual acuity may result from diseases
and organic malfunctions and refractive errors.

Figure 4.12
We measure visual acuity with standardized tests. The

Snellen, Landolt C, and llliterate E charts are the most
common. (Fostervold, 2003a.)

@ The fraction is sometimes presented as the resulting decimal digit. An visual acuity of 6/6 (20/20) is
then 1.00.

DISEASES AND ORGANIC ANOMALIES: Diseases and organic malfunctions may result
from congenital disorders during pregnancy (such as Congenital Rubella Syndrome®),
injuries at birth (such as birth-related trauma), or disease and organic anomalies. Blindness
or severe visual impairments are usually caused by disease or organic malfunctions, rather
than from other causes such as traumatic accidents.

* Congenital Rubella Syndrome is characterized by abnormalities of the heart and nervous system, the eyes, and the ears.
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REFRACTIVEERRORS: Incorrectbending
of light rays through the lens of the eye
leads to refractive errors. The most common
forms of refractive errors are nearsighted-
ness, farsightedness, and astigmatism
(Figure 4.13).

Refractive errors are common in the
general population. There are, however,
more people with nearsightedness (and
fewer farsighted people) in industrialized
countries thanin lesser-developed countries
(Weale, 2003).

HYPEROPIA: Farsightedness (hyperopia)
is when distant objects are clear, but close
objects appear blurry. Farsightedness
occurs when the light rays do not focus
soon enough after passing through the
relaxed lens. Instead of converging on the
retina (necessary for clear vision), they
converge behind the retina (Figure 4.13a).
Although research is not consistent, it is
likely that 20%-40% of preschool children
and 7%-15% of juveniles are farsighted
(Negrel et al., 2000; Weale, 2003).

MYOPIA: Nearsightedness (myopia) is
when close objects are in focus, but objects
at a distance appear blurry. The light rays
focus too soon after passing through the
relaxed lens and converge in front of the
retina (Figure 4.13Db).

About 1%—-4% of preschool children and
15%—-40% of young adults are nearsighted
(Maul et al., 2000; Negrel et al., 2000; Weale,
2003). Concave lenses can usually correct
nearsightedness.

Many disagree as to whether near-
sightedness is caused by genetics or the
environment (Mutti et al., 1996). Most eye-
care specialists maintain that children

Figure 4.13 (With permission of Lie, 1986.)

Common refractive errors

« Image falls behind the

(a) Farsightedness retina

(hyperopia) « Corrected with plus

lenses

» Image falls in front of the

(b) Nearsightedness | retina

(myopia) « Corrected with minus

lenses

« Image lacks a single point

of focus

(c) Astigmatism _ o

» Corrected with cylindrical
lenses

Table 4.7 Diet and Vision: Environment at Work?

Diet influences health. Some people believe nutrition
can contribute to nearsightedness.

Foods high in sugar (glycemic foods) promote
acute and chronic hyperinsulinaemia (excessively
high insulin levels in the blood), which may acceler-
ate scleral tissue growth and lead to a thickening of
the lens.

This might contribute to myopia (Cordain et al.,
2002; Furushima et al., 1999). However, definitive
information linking the two is not yet available.

inherit genes that predispose them to visual dysfunctions such as myopia. This suggests
that we can only “fix” nearsightedness in children with appropriate glasses.
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There is support for this view. For example,
nearsightedness among juveniles is largely
associated with heredity. Further, identical
twins’ refractive errors tend to be more similar
than nonidentical twins (Teikari et al., 1988). A
probable candidate gene coding for high myo-
pia has been identified (Lam et al., 2003).

Others maintain that the environment plays a
large role in nearsightedness (see Table 4.7 for
example). Near work, higher school achievement,
and less time spent playing sports have been
found to contribute to nearsightedness (Mutti
et al., 2002). The abrupt increase in nearsighted-
ness in most Western countries after World War
Il seems to support this view (Richler and Bear,
1980; Young et al., 1969).

It is difficult to explain away such dramatic and
sudden increases in nearsightedness with genet-
ics alone, unless we assume there is an epidemic

Figure 4.14  (Valerie Rice) of genetic mutations; the gene pool simply does
Chi.ldren’s vision results from genetics as well as their not change that abruptly. The environment, on the
environment. .
other hand, can change rapidly and the pace of
change has been immense over the last century.
Both genetic and environmental factors seem to be at work. Most likely, we each inherit
genes that specify the upper and lower limits of possible refraction. The environment then
influences where (within the genetically determined boundaries) that person’s actual refrac-
tion will fall (Figure 4.14).

The key is to determine which environmental factors contribute to the development of
refractive errors and how we can manipulate them to improve eyesight.

ASTIGMATISM: Astigmatism occurs when the surface of the cornea (and in some
conditions, the surface of the lens) curves more in one direction. Normally, the cornea
curves equally in all directions, resembling a basketball. With astigmatism, the shape of
the cornea resembles an American football. Instead of individual light rays focusing at one
point at the back of the retina, they focus at two different points (Figure 4.13c). People with
astigmatism usually experience blurred vision at all distances. For some, blurred vision
occurs only when they accommodate.

Astigmatism is common. As many as 70% of children under 1 year of age have astig-
matism (Weale, 2003). This prevalence decreases and stabilizes during the first 2 years of
life. With most age groups, rates of astigmatism range between 18% and 32% (Dobson
et al., 2003; Maul et al., 2000; Weale, 2003).

Most astigmatism is inherited, since differences in corneal shape appear to be genetic.
Acquired astigmatism may be caused by injury, disease, or changes in the physiology of
the eyes. Glasses or surgery can correct nearly all cases of astigmatism. Surgery should
be the absolute last solution for children (if nothing else solves the problem).
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BINOCULAR VISION

Binocular vision is the ability to see with
both eyes. When looking at objects, both
eyes must aim at the same place to avoid
seeing double images (Table 4.8 and
Figure 4.15).

Figure 4.15 (Ursy Potter Photography)
Eye image by K.I. Fostervold (Modified CoreDRAW®
clipart.)

Six extraocular muscles
control eye movements
and direct the eyes so
the object appears

as a single image.

. Obliquus Superior
. Obliquus Inferior
. Rectus Superior

. Rectus Inferior
Rectus Lateralis

. Rectus Medialis

Table 4.8 Binocular Vision

Binocular vision involves at least three
interrelated factors:

1.

Simultaneous perception: The brain
processes information from both eyes.

That is not the case for everyone; some
people have sustained damage or loss of
vision in one eye.

They suppress information from one eye to
avoid double images (see example of strabis-
mus, below).

Sensory fusion: Images projected on the
retina of the two eyes converge into one
image.

People with adequate sensory fusion
have better acuity when they use both eyes
instead of one eye.

Depth perception: Adequate depth perception
creates a perception of depth or stereopsis.
Depth perception is important to assist motor
control, such as when reaching for an object
or playing football.

We may experience “false stereopsis” with
certain color combinations (e.g., red back-
ground and blue text). Using them together
on a display may confuse children by
creating a perception of depth where there is
none.

VERGENCE: Vergence refers to opposing movements of the eyes, as when they converge
or diverge from each other to maintain single vision at different viewing distances.

Resting point of vergence \When there is nothing to look at (as in total darkness), our
eyes naturally converge on a distance called the “resting point of vergence” (RPV)

(Figure 4.16, Table 4.9).
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KEY POINTS:

1. Those with a near resting point of
vergence can more easily sustain
close viewing distances, yet do not
experience difficulty viewing farther
distances.

2. Our eyes work harder when viewing
objects closer than our resting point
of vergence (Owens and Wolf-Kelly,
1987).

3. Research on adults shows that the
resting point of vergence moves
closer as we lower our gaze (Heuer
and Owens, 1989) (see Figure 4.16).

4. Children have much closer resting
points than adults.

135cm (53in.)
~

114cm (45in. ~
@s5in) T TN S

7
89cm (35in.)

Figure 4.16 We see close images better at lower
viewing angles because our visual resting point of
vergence naturally moves closer as we lower our gaze.

Table 4.9 Adult and Children’s Near Point and Resting Point

Resting Point of Vergence (RPV)

Near Point of Convergence (NPC)?

looking straight ahead.

114 cm (45 in.) from the eyes when

« An NPC <10 cm (4 in.) is considered

(e » 135 cm (53 in.) when looking up 30°. normal in young adults.
» 89 cm (35 in.) when gazing down 30°.
Youn » Lessthan5cm (2 in.).
ChiL:d?en « RPVs for children have not been @in.) )
established. « NPCs greater than 9 cm (3.5 in.) are
(under 8) considered abnormal in children.

@ The figures presented for near point of convergence, both for adults and especially for children,
vary depending on the method used. Such differences in measurement techniques are particularly
controversial regarding children’s near points.

Near point of convergence (NPC) The near point of convergence (NPC) is the closest
viewing distance that a person can focus on an object with both eyes while continuing to
see it as one image. If a person views an object closer than this, the object will appear as
a double image.

The near point of convergence becomes farther with age. At age 2, the NPC averages
1cm (0.4 in.). At age 10, the NPC averages 2.5 cm (1 in.) (Chen et al., 2000).

The number of children with farther-than-normal NPCs increases with age. This is impor-
tant, as a far NPC often causes eye stress and suggests there are underlying problems
with binocular vision.
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Strabismus (crossed or wandering eye) Strabismus is a common term for the
condition where both eyes are not aimed at the same point due to an over-pull or under-
pull of certain eye muscles. It may result from misalignments of the eyes or over-action or
under-action of certain eye muscles (Table 4.10).

Table 4.10 What is Strabismus?

Strabismus may include any or all of these conditions:

Tropia Another word for strabismus.
A related condition in which the misalignment is present, but not apparent
(latent).
Phori It is usually kept under control so that the eyes appear normal and work
oria
together normally.
However, the misalignment may be unmasked by covering either one of the
eyes or may become apparent under prolonged visual stress.
Esotropia/phoria One eye turns inward and appears crossed (Figure 4.17a).
Exotropial/phoria One eye turns outward (Figure 4.17b).
Hypertropia/phoria One eye turns upward (Figure 4.17c).
Hypotropia/phoria One eye turns downward.
Cyclophorial/phoria The vertical poles of the cornea are rotated (Figure 4.17d).

Concomitant strabismus | The misdirection of the eye is consistent in all directions of gaze.

Noncommitent The angle at which the eye turns away from the line of sight differs in different
strabismus directions of gaze.

Children who have a latent form of
strabismus (phoria) usually adjust their
extraocular muscles in order to focus both
eyes on the same spot. These extraocular
muscles, however, fatigue with sustained
visual load, leading to symptoms that
may include double vision and impaired
performance.*

There are two nonsurgical approaches
for the remediation of strabismus:

Common tropias /
phorias:

a. Esotropia, right eye.

b. Exotropia, left eye.

c. Hypertropia, right
eye.

1. Help the child adapt to the prob-
lem or

2. Optometric treatment
Popular optometric treatment meth-
ods include the Optometric Extension
Program (OEP) and the Measuring

and Correcting Methodology (MKH)
after H.-J. Haase ' Figure 4.17 (With permission of Lie, 1986.)

d. Cyclotropia, right eye.

* See subsequent section for more on its effect on development and learning.
T (see Tables 4.11 and 4.12).
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Table 4.11 Optometric Extension Program? (OEP)
» Developed in the 1920s by optometrist Aleksander Sheffington.
Background « The OEP is fairly widespread in the United States and is known and used in parts of

Europe.

The concept

« Visual difficulties result from a misfit between the visual demands of the environment
and the person’s visual skills.

« Children learn these visual skills through a series of motor developmental programs.

« Prolonged near point stress results in functional adaptations such as evasive

s [pltelelz behavior, phorias or tropias, and accommodation problems.

« Visual training, either alone or in addition to glasses. Since vision is a learned skill,

. the individual needs to relearn the system.

The solution

« Surgery may be necessary for extreme cases and convergence therapy may be used

postsurgery to train the eyes to maintain binocular fixation.

For more www.healthy.net/oep
information Www.oep.org

@ Also referred to as Behavioral Optometry.

Table 4.12 Measuring and Correcting Methodology after H.-J. Haase (MKH)?

Background

« Developed in the 1950s by German professor Hans-Joachim Haase.
o The MKH is used mostly in the German speaking parts of Europe.
« It is not particularly well known in English speaking countries.

The concept

« The oculomotor system is at rest when the eyes look at distant objects.
« The visual system adapts to primary problems such as phorias and farsightedness.

However, the continual adaptation for primary problems may eventually lead to
secondary visual problems such as visual suppression, reduced vergence capacity,
and reduced accommodation.

The problem

« Continual adaptation to primary visual problems puts one at risk for developing
secondary visual problems.

« For example, intensive visual work at close distances requires sustained muscular
effort that increases the demand on the visual system.

» The adaptation required to cope with this increased demand increases the danger of
developing visual problems.

The solution

» Prescribe glasses with prism corrections for constant wear.

The glasses give the eye muscles an opportunity to “relax” and restore the ability to
sustain unrestricted or effortless stereoscopic vision (often successive re-corrections
are required).

« In cases with large phorias, MKH may be used to uncover the actual extent of the
misalignment prior to surgery.

For more
information

www.ivbv.org (mostly in German)
www.healthy.net/oep
WWW.0ep.org.

@ Also referred to as the method of Optical Full Correction.
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COLOR VISION

As mentioned previously, cones are more sensitive to color. There are three types of cones
on the retina: short, medium, and long wavelength receptors. Each type is sensitive to a
wide range of wavelengths, but most sensitive to a narrower region of the color spectrum.

COLOR BLINDNESS: Color blindness
is an inaccurate term that refers to the
inability to distinguish between certain
colors (Figure 4.18, Table 4.13). About
8% of males and 0.5% of females are
considered color deficient. Such color
deficiencies are usually congenital.”

It is impossible to know what people
with color deficiencies actually experi-
ence. However, some tell us that they
see the world as shades of yellow or
red (Sciffman, 2001).

Figure 4.18 (Ursy Potter Photography)
Signs of color deficiencies may include:

1. difficulty in sorting blocks of various colors,

2. consistently drawing familiar objects in unfamiliar colors
(e.g., a light green sun), or

3. inability to identify ripe berries.

Children with such symptoms should see a visual specialist.

Table 4.13 Color Deficiencies

» Dichromats lack one of the three types of cones in part of, or the
. entire eye. As a result, they are unable to distinguish between certain
Dichromats colors (wavelengths) in that area of the eye.

» The most common deficiency is red—green.

Anomalous « The person does not lack any cones, but one type of cone demon-
trichromats strates abnormal absorption of light waves.

« Monochromats lack two or all three types of cones.
Monochromats

As a result, they see the world as mostly shades of gray.?

2 The Norwegian scientist Knut Nordby (1990) has published an interesting autobiographical
account of his life as a monochromat.

* Present at birth due to heredity or environmental influences.
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Color blindness can interfere with life functions. For example, colorblind children may
combine clothing colors that subject them to ridicule by their classmates. It can affect
performance at computers that display certain colors.

Colorfield Insight’s website at www.colorfield.com simulates color blindness to help
designers determine if their designs will be legible to people with color deficiencies.

COLOR AND VISUAL ERGONOMICS: Humans can distinguish between more than a
thousand different colors when they are placed side-by-side (Sekuler and Blake, 1994).
Color can be an effective way to convey information; for example, red often signals danger
(Table 4.14).

Too many colors, however, can produce a “Christmas tree” effect, making it difficult to
determine which information matters. This is especially important for children, as they lack
the training and ability to handle complex information. Children may pay more attention to
the attractiveness of a multicolored message than to the content.

Blindness Blindness is believed to affect 50 million people worldwide, including
1.4 million children 15 years of age and younger (SSI, 2003; see Table 4.15on “blindness”).
We cannot be certain of the actual prevalence of blindness among children worldwide
because research studies have not been consistent in how they define blindness. Further,
we lack an international consensus on how to identify children with visual difficulties.

We do know, however, that the prevalence of blindness varies. In particular, blindness
is more common in impoverished areas. Even so, around 57% of cases of childhood blind-
ness are unavoidable and the rates are similar between developed and undeveloped
countries. About 28% of childhood blindness is preventable; further, preventable blindness
is more prevalent in developing countries.

Table 4.14 Using Color to Convey Information

1. Avoid using too many colors on the same page.
2. If a color conveys a specific type of information, be consistent.
Ensure the color always means the same thing throughout the application.

Using colors to convey
information to children

—

. Avoid relying only on color to provide contrast.

2. Some color contrasts, such as grey and yellow, do not transfer well.
Using color to convey Consider changing the intensity of those colors instead.

information to children 3. Locate important information in the same place each time it is presented.
with color deficiencies 4. Use redundant forms of coding to convey important information.

For example, the “Don’t Walk” signal for pedestrians is on top, in red and
often depicts a person standing still.
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Low vision In the United States, vision problems affect 1 in 20 preschoolers and 1in 4
school-aged children. Low vision is thought to affect about 4-5 million children worldwide
(PBA, 2003). Table 4.16 lists definitions and some treatments for low vision.

Table 4.15 What Do We Mean by “Blindness?”

Visual acuity

Vision of 3/s0 (2%00) Or worse in the better eye while wearing
corrective lenses (WHO, 2004).

Visual field

A visual field of 10° or less with corrective lenses (180° is
considered a normal visual field) (WHO, 2004).

Legal blindness in the United
States and most of Europe

Vision of 8/s0 (2%200) Or worse in the better eye while wearing
corrective lenses or a visual field of 20° or less with corrective
lenses.

“Functional blindness”

Relying on the sense of touch when writing and reading. Only
about 10% of those who are considered blind have no sight
whatsoever.

Causes of blindness

Clouding of the lens of the eye or surrounding transparent

GRS membranes that obstruct the passage of light.

Increased pressure in the eyeball that damages the optic disk and
EIEEENE causes a gradual loss of vision.
Trachoma Corneal infections, irritations, and inflammations that result in

corneal scarring.

Vitamin A deficiency

Especially in children under 5.

Causes of avoidable blindness

Corneal scarring

Scarring of the cornea.

Cataracts

See above.

Glaucoma

See above.
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Table 4.16 Definition and Treatments for Low Vision

« Optimum corrected vision of from /s (2%/e0) t0 3/e0 (*°/a00) in the better eye.
» “Best case”: From 6 m (20 ft) away, a standard eye chart looks like what someone

What is low with normal ¢/s (2%/20) vision sees from 18 m (60 ft).
vision? » “Worst case”: From 3 m (20 ft) away, a standard eye chart looks like what someone
with normal 8/s (2%20) vision sees from 60 m (400 ft) away.
A person with eyesight that is any worse than this is considered blind.
c Can be caused by many conditions, including river blindness, corneal scarring, and
auses -
albinism.
The problem Many rehabilitation specialists and special education teachers are taught to work
P with blind children, but not with children with low vision.
Distance aids
« Closed circuit television
« Computer scanners
« Image magnifiers
Magnifying aids

« Magnifying glasses
» Powerful glasses

In poorer countries: plastic drainpipes fitted with an appropriate lens (With this simple
aid, over a third of children with low vision can read.)

Surgery

Environmental
modifications

« Tilted desks to help with close reading.

« Provide highly contrasting colors for reading and daily living tasks.

« Use larger font sizes for reading materials, including computer screens.

« Provide appropriately high light levels.

« Provide highly contrasting colors along pathways and steps for increased mobility.

Figure 4.19 (Ursy Potter Photography)
Many children with low vision can benefit from using larger
font sizes on the computer screen and higher light levels.
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Equal rights Both the Americans with Disabilities Act in the United States and the
General Framework for Equal Treatment in Employment and Occupation in the European
Union countries mandate equal rights for visually impaired citizens in most areas of society.
To fulfill this goal, society must provide adequate education and leisure activities for visually
impaired children in ordinary social settings.

Providing appropriate individual aids and suitable environments is a substantial design chal-
lenge (Figure 4.20). The goals of the National Agenda for the Education of Children and Youths
with Visual Impairments, Including Those with Multiple Disabilities of the American Association
for the Blind can be seen in Table 4.17.

Table 4.17 National Agenda Goals:

» Mechanisms of reading (e.g., Braille, large
print, audiotapes, and electronic aids)

« Orientation and mobility aids and training

« Independent living skills (e.g., handling
money and finances, working in the
kitchen, and transportation services)

» Career education

« Assistive technology (see Chapter 9)
« Visual efficiency skills

« Social interaction

« Recreation and leisure

Figure 4.20 (Ursy Potter Photography)

It is difficult for most teachers, who have learned
primarily through their own vision, to understand the
intricacies of teaching children who are blind or have
low vision.
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VISUAL WORK

NEAR WORK AND MYOPIA

The concern about “ruining your eyes” from excessive close work is older than television,
and it is not only our mothers who have expressed this concern.

Sitting hurts the loins, staring, your eyes.
(Plautus, Roman Playwright*)

Figure 4.21 (Ursy Potter Photography) Figure 4.22 (Ursy Potter Photography)

Figure 4.23  (Ursy Potter Photography)

We are still learning about how nearsightedness among
children affects their ability to sustain close viewing such as
when reading, writing, doing computer work, playing video
games, and watching television.

* In 1713, Bernardino Ramazzine (1713/1983) thought that constant glaring at small objects had an impact on eyesight, with inevitable outcomes of myopia
and eventual blindness.
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Table 4.18 Near Work and Myopia

Author (date)

Subjects and Study

Findings

Young et al. (1969)

570 Alaskan Eskimos
Studied 3 generations

Older Eskimos with less classroom
education were less nearsighted
(more farsighted).

» 3.5% grandparents nearsighted
» 10.4% parents nearsighted
» 58.6% children nearsighted

Rosner and Belkin
(1987)

157,748 male recruits in the Israeli
Army

Strong association between nearsighted-
ness, intelligence, and years of school
attendance.

Zylbermann et al.
(1993)

830 Orthodox and Secular Jewish
students

Orthodox students had much higher
rates of myopia, apparently because
they spent much more time studying.

Kinge et al. (2000)

223 engineering students participated
in a 3 year longitudinal refraction
study

Dose—response relationship between
time performing near work tasks and
visual changes associated with myopia.

Research findings suggest that prolonged near work contributes to myopia. Further, animal studies
repeatedly demonstrate that continuous near vision, especially when young, induces myopia.

Effective prevention requires an understanding of cause and effect. Unfortunately, we
do not understand all the factors that lead to myopia. Table 4.19 lists characteristics of
children who seem to be prone to becoming nearsighted.

The early stages of nearsightedness may include certain changes in visual functions
that predict nearsightedness. We do not know, however, whether these characteristics
cause or are only correlated with nearsightedness.

Table 4.19 Predictors of Nearsightedness in Children

Author Present Not Present
(predictive) (not predictive)
» Refraction in infancy
I(\glcj)glz?t ol « Refraction at school entry

« Parental history of myopia

Drobe and de
Saint-Andre
(1995)

» Loss of physiological farsightedness
« Tend to squint inward

« Less able to shift visual distances
(accommodation)

« Near and far comfort zones overlap
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Table 4.20 Progressive Lenses to Prevent Myopia

Author Subjects Results

Hong Kong schoolchildren

Leung and Brown

el . 36 with progressive lenses Progressive lenses reduced

incidence of myopia.
« 32 with single lenses

Chinese children (aged 7—-10.5)

Edwards et al., 2002 | « 138 with progressive lenses. Progressive lenses did not

reduce incidence of myopia.

« Control group of 160

It is difficult to evaluate interventions aimed at preventing myopia. This is because myopia
develops over a long period of time, and it is impossible to control for all the variables.

One approach postulates that progressive lenses can lessen the development of
myopia. Inconclusive research results (Table 4.20) have led the National Eye Institute to
conclude that the benefits are insufficient to warrant the use of progressive lenses by
children.”

Other proposed preventive mea-
sures include (Choo, 2003; Saw et al.,

2002):

. Visual training,

. intermittently stopping to view
distant objects while reading,

« removing distance eyewear during
sustained near tasks,

. bifocals and contact lenses, T

« special purpose eyewear,*

. eye drops that block accommodation,

. biofeedback and traditional Chinese
treatments.

Although some report positive effects, Figure 4.24  (Ursy Potter Photography)

: ; Reading becomes increasingly important as a child nears
most of the evidence is anecdotal and adulthood. In order to obtain a driver’s license, adults must be

inconclusive. able to read road signs, instruction books, and driving tests.
To safely take medicines, children must read medicine bottles,
warning labels, and information sheets. In both developed
and undeveloped countries, on€’s reading ability can be the
difference between earning a living wage and poverty.®

The National Eye Institute’s position on progressive lenses for children can be seen at www.nei.nih.gov/news/statements/comet.htm
Particularly rigid and oxygen-permeable contact lenses.

For example, eyewear that alters the viewed image or that reduces the need for accommodation.

The United Nations uses literacy rates as a primary indicator of social and economic development.

o o+ =+ x
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READING

Reading is a critical milestone in a child’s path toward independence. Reading is neces-
sary to play most computer and video games. Even in first grade, students read to under-
stand written instructions and to do their homework assignments.

READING PROBLEMS: Public education reduces illiteracy. Some professionals, however,
are concerned that many children (although not illiterate) do not read as well as they should
for their age and level of education. There is some evidence that visual and ocular deficits
among children impair their ability to read (Simons and Grisham, 1987). This issue is
controversial; some specialists maintain that ocular deficits do not play a role in reading
difficulties as long as a child can see writing on the page.

Although individuals with low vision usually find it difficult to read, reading depends
on a variety of interactions between our visual, cognitive, and motor systems. Impairments
in acuity, contrast sensitivity, and visual field status (particularly loss of the central visual
field) affect reading performance, but do not accurately predict reading ability. Visual factors
can affect both technical and endurance reading problems. It is important to distinguish
between technical reading problems (what we often term dyslexia) and endurance problems.

Technical reading problems (Dyslexia) Children who have a technical reading
difficulty find it difficult to sight-read. They cannot translate letters into meaningful words.
Developmental dyslexia exists when, despite normal training, these difficulties persist in a
child of normal intelligence.

We do not know what causes dyslexia. Some, however, attribute dyslexia to brain dysfunctions,
phonological deficits,* and visual perception disorders. Phonological deficits are the most likely
contributor and, in comparison, some consider vision relatively unimportant (Hulme, 1988).

Visual aspects are receiving increasing interest.t For example, malfunctions in the part
of the brain that processes visual information (the magnocellular layer of the lateral genicu-
late nucleus (LGN) may cause reading problems (Cestnick and Coltheart, 1999).

Endurance problems Some children are able | Table 4.21 Signs of Endurance Problems
to read, but experience visual fatigue quickly. They |« Eye fatigue
cannot read accurately for very long and experience |. “Shivering” text
a variety of symptoms (Table 4.21).

Although no one knows why some children have
difficulty with endurance, possible explanations

» “Jumping letters”
« Orbital aching

include the following: « Tearing
. . . , » Dry eyes
« The historical shift from outdoor scanning
L . . . » Headache

activities to intensive visual work at close range

has resulted in less dynamic and more static » Neck aches

visual activity. « Nausea
. Static visual activity for prolonged durations « Light-headedness

can lead to short-term pain and contribute to . Difficulty in concentration

muscle fatigue of the oculomotor system.

« Intermittent blurring or double vision or both

* Phonological deficits include the inability to distinguish individual sounds or syllables and difficulties with sounds-symbol relations, as well as the storage
and retrieval or sound-based information from memory. See Chapter 5 for more on this topic.
t The many websites dedicated to vision therapy underscore the new interest in vision problems and how they affect children’s ability to learn.
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. Itis also possible that prolonged static “work” by the oculomotor system will lead to
impaired visual function (Lie, 1989; Pestalozzi, 1993; Wullf, 1998).

The relationship between technical and endurance problems Reading remediation
aims to help children master the technical
aspects of reading. As children with
endurance problems read well for short
periods, teachers may not correctly identify
their problem. Instead, they may label them
as lacking motivation, concentration, or as
having behavioral problems. Although
phonological difficulties contribute to
technical reading problems, visual or
ocular factors may dominate in endurance
difficulties. Because many children have
both technical and endurance difficulties,
helping them read requires evaluation and
treatment of both vision and phonological
awareness.

Unfortunately, many children become
lost in the educational system when
parents and teachers fail to recognize
the visual component of their reading  Figure4.25 (Valerie Rice)
difficulties. The children themselves do  Children with visual endurance problems do not know what

is wrong. They only know it is uncomfortable to read for long
not understand why they cannot read as periods. They question their own intelligence and become

well as their classmates. discouraged by their inability to learn.

Teachers and parents Teachers, caregivelrs, and healthcare professior)als mugt quk
ol ool for heee TR symptoms of readmglproblems, ;uch as lagging behind in
symptoms. reading, complaints of fatigue, and discomfort or boredom while
reading. If a child has a problem, it must be determined whether it is
technical or endurance (or both). In any case, children with symptoms should be examined by a
pediatric optometrist or ophthalmologist who can identify the cause of their vision difficulties.

If the problem is technical, the child will need a reading specialist who treats dyslexia. If
the problem is endurance, the child will need to see an optometrist or ophthalmologist who
specializes in the treatment of near point visual stress, along with a therapist who special-
izes in visual therapy.”

The main challenge in reading endurance remediation programs is how to maintain
stereoscopic vision without stressful symptoms. Both the OEP and MKH systems have
optometric correcting procedures that promote visual near work while reducing stress.

* If no specialist is available, make the optometrist aware of the symptoms. They should take special notice of binocular problems and problems with
near-vision. An examination by a developmental pediatrician can help rule out other diagnoses that could interfere with reading.
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Table 4.22 Meares—Irlen Syndrome (Scotopic Sensitivity)

Vision specialists evaluate children for Meares—Irlen Syndrome (scotopic sensitivity). With Meares—Irlen
Syndrome, printed text appears distorted. There is less distortion when the text or the background has a
particular color.
Symptoms include:
1. Reading problems
2. Visual and ocular problems (particularly involving near-vision)
3. Visually related symptoms
4. Additional symptoms:
a. Words appear to “move,” “jumble,” or “fall off the page”
b. The page appears too bright or the words too close together
c. They only read in dim lighting

Treatment may include:

a. Colored filters to alleviate difficulties. This remedy is controversial. It may help to try colored filters when
children underachieve in reading and report visual problems.

b. The theory is that the retinal receptors may be over-stimulated by specific wavelengths of light, causing
distortions and that a colored lens can block out the troublesome wavelengths.

Recommendations for children with reading endurance problems:
1. Large text
2. Short, well-spaced lines
3. Frequent breaks
4. Proper lighting

COMPUTERS
Media use among children varies | rable4.23 Home Computers
from country to country, regarding Most popular « Playing games

both the type of media and the tcﬁélfé:;tévd’;frs on | | Entertainment
amount of use (Roe, ZOOQ). Hovy— (Mumtaz, 2001) . Chatting
ever, large numbers of children in

developed countries clearly use « To help children learn in school
computers on a regular basis. « To compensate for perceived
Children are a new and lucrative fg:g:%?gsig; up-to-date school
market for technology. New hard- g.
ware, software, accessory techno- » To ;‘e'? Ch"dlrle”.prr]efpare for N
logies. and video games are arrivin Parent's reasons technologically ric .utures in the
gles, Vi g ving for purchase world of work and leisure

on the market at an ever-increasing | (Sutherland et al.,
speed. Marketing strategies for 2000)
technology increasingly include

« To keep up with “other families”
» To explore technologies

parents of toddlers and infants. « To support parents’ work or study
When the marketing is directed « To encourage children to stay at
toward the parents, the message home

is that anyone who “deprives” their « For entertainment (computer games)

child of technological products

retards their development. What parent would actively choose not to provide their child
with a head start in life? Yet, the question of the influence of excessive near work and
near point stimulation on child development in general and visual development in particular,
remains. Parents (and teachers) continue to struggle with the question of what is best for
their children (Table 4.23).
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Although the concern over the impact of visual displays on children’s development
remains, a moratorium on children using computers simply would not work. Computers
are already an inevitable part of people’s lives, especially in developed countries. A better
question is how ergonomics can help improve the “fit” between the child, the computer
equipment, and the tasks (see Chapters 16 and 22).

VISION AND THE COMPUTER:
Although both reading books
and work on computers require
close vision, computer work has
a Qgreater effect on eyestrain.
One reason is that people work
longer hours on computers and
take fewer breaks.

Other factors that contribute
to eyestrain include monitor
location, screen and text leg-
ibility, screen flicker and light-
ing, and glare. Spending a long
time deciphering hard-to-read
screens causes Vvisual fatigue
(Collinsetal., 1990) (Table 4.24).
Table 4.25 provides sugges-
tions to improve screen quality
and Table 4.26 describes differ-
ences in computer monitors.

Figure 4.26  (Ursy Potter Photography)
Children of all ages are attracted to the interactive and immediate
nature of working on computers.

Table 4.24 Children and Visual Fatigue

Symptoms of visual fatigue

« Blurred vision

e Dry eyes

« Burning eyes

« Watery eyes

» Red eyes

» Double vision

» Headaches

» Reduced effectiveness
« Mistakes

fatigue

How a child might show visual

» Rubbing eyes

« Squinting

» Excessive blinking

« Tilting head back or to the side

« Leaning close to the screen

« Irritability while working on the computer
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SCREEN QUALITY:
Table 4.25 Suggestions to Improve Screen Quality
1. Character size
2. Brightness
3. Contrast
4. Resolution
Improve legibility 5. Stability
6. Color and polarity?
7. Viewing distance and angle
8. Cleanliness of the screen
9. Glare
1. Ensure children know how to and are able to easily adjust brightness
and contrast controls on the computer screen.
Improve brightness 2. Use picture-based tutorials that children and adults can use together.
contrast These should explain how and when to adjust brightness and contrast.
3. Dark characters with a light background (similar to the printed page) are
much preferred to light characters with a dark background.

a

Positive polarity (negative contrast) presents dark text against a light background (e.g., the printed page).
Negative polarity (positive contrast) presents light characters on a dark background (e.g., the negative
of a photograph).

Table 4.26 How Do Computer Monitor Screens Differ?

CRTs (cathode ray tube)

« Used in standard monitor screens
» Basically the same technology used in television sets?

« The screen may appear to flicker if the refresh rate is too low.

Flicker « Flicker can cause headaches and visual fatigue.

« A refresh rate of at least 85 Hz is recommended to avoid flicker.

Misconvergence

» Shadows that appear around text and graphics due to improper conver-
gence of the electronic beams.

Color variations « Color may vary across the screen.

Contrast « Generally, the contrast of VDU text is lower than that of text on paper.

Flat panel screens®

« These monitors eliminate flicker, increase contrast, and reduce
misconvergence® and color variations across the screen.

a
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The main components are a cathode that produces the electronic beam and a glass tube. The image
is created when electronic beams strike the fluorescent layer at the back of the screen. The phosphor
reacts by transforming electronic energy to light. The image is made visible by light emitted by the
phosphor. In raster scanning, the most common method for generating images on a CRT, an electronic
beam is projected on the screen in horizontal lines, starting from the top of the monitor. The number of
complete screens drawn per second is the refresh rate, expressed in hertz (Hz). A typical VDT displays
between 500 and 1000 scan lines with refresh rates that vary from 50 to 100 Hz.

The image on an LCD (liquid crystal display) flat panel is created by passing white light through a
layer of liquid crystals sandwiched between two layers of polarized material. The crystals react to
electric current in much the same way as a conventional shutter, either allowing light to pass through
or blocking it. The red, green, and blue elements of a pixel are achieved through simple filtering of the
white light. This technology eliminates flicker, increases contrast, and reduces misconvergence and
color variations across the screen.

Misconvergence is the appearance of individual red, green, and blue lines (horizontal or vertical) where
there should be one single-colored line.
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MONITOR LOCATION: Inappropriate monitor positions contribute to eyestrain. The
placement of many monitors—high and close to the eyes—contradict the capabilities of
the visual system.

Horizontal monitor placement—viewing distance The stress of converging causes
your eyes to work harder when viewing close monitors than when looking off into the
distance. You can verify this for yourself by holding your finger in front of you at arm’s
length; bring it slowly towards your
nose, following it with your eyes. Notice
that the closer your finger comes, the
more eyestrain you feel.

The closer the viewing distance, the
more the eyes must converge or turn
inward. Viewing distances that are too
close lead to eyestrain.

Naturally, if it is stressful to view
the screen up close, one solution is
to place it farther away. But, how far
is far enough? As noted in the section
“Resting Point of Vergence,” the eyes
have a resting point of vergence (RPV)
that represents the distance the eyes
most easily converge.

Viewing a monitor substantially
closer than the RPV causes eyestrain.

However, RPV distances are no_t abso- Figure 427 (Ursy Potter Photography)

lute; we only need to keep in mind that Video games and other popular electronic equipment are

it is better to avoid close distances and seldom scaled for children. High screen positions, which are
that farther viewing is better (at least not uncommon, contradict the capabilities of the visual system.
up to the RPV). Viewing objects farther

than the RPV has not been found to cause any problems.

Although some guidelines specify a range (maximum and minimum) of acceptable
viewing distances, for instance 61-76 cm (24-30 in.), there is no physiological basis to limit
the maximum viewing distance. Screen and character sizes, however, often restrict the
options—a far viewing distance does no good if one cannot read the screen.

As a rule, viewing distance should never be closer than 65 cm (25 in.). If the character
height restricts the viewing distance to closer than that, increase the zoom level so
the child can easily read the screen. Never discourage farther viewing distances when the
child can easily read screen text.

Many people suggest placing the monitor at arm’s length. The authors know of no
studies that have found an association between a person’s arm length and visual function,
nor would one be remotely logical. This is an especially inappropriate recommendation to
follow for smaller children.

The type of text also plays a role. Small, narrow characters are more difficult to see than
large, thick text. Small text forces the user either to bring the screen closer or to lean for-
ward. Children, caregivers, and manufacturers should use thicker, larger fonts and images
to allow for greater viewing distances.
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Vertical monitor placement Many
guidelines recommend locating the top of
the monitor at eye level or even above eye
level. That location, however, does not
match the capabilities of the visual
system.

As we mentioned above, the effort
of converging the eyes can contribute
to eyestrain. Lowering the computer
screen reduces the demand on con-
vergence. As the eyes gaze down, the
effort to converge becomes easier. See
Table 4.27 for a way to demonstrate this
for yourself.

The average RPV is 114 cm (45 in.)
when looking straight ahead, but when
looking down at about 35° (such as
when reading a book) the RPV moves
in to about 89 cm (35 in.). The closer in

Figure 4.28 (Ursy Potter Photography)

Through evolution, the visual system has primarily been
optimized for far-distance viewing at high gaze angles and
near-distance viewing at low gaze angles.

you view something from your RPV, the harder your eyes work (Owens and Wolf-Kelly,
1987). Therefore, a downward gaze angle makes the same physical viewing distance less
stressful to the visual system. The ability to accommodate (focus sharply on near objects)
also improves with a downward gaze. See Table 4.28 for a way to demonstrate this.

Low screen-locations avoid neck
discomfort, improve eye—hand coordi-
nation, and benefit the visual system
(Lie and Fostervold, 1995; Fostervold,
2003b). When using a screen at eye
level, viewers bend their necks back-
ward from neutral (Ankrum and Nemeth,
2000). Lower monitor positions, on the
other hand, allow users to adopt a wide
variety of nonstressful neck postures
(Ankrum and Nemeth, 1995). When
performing tasks that require eye—hand
coordination with a mouse, accuracy
improves with a lower screen (Leoni
et al., 1994). Although, again, these
results are from adults, they should
apply equally to children.
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Table 4.27 Try it: How lowering your gaze helps
your eyes converge on an image

» With your head erect, hold a pencil at arm’s length
and well above your eye level.

» Raise your eyes and follow the pencil as you bring it
closer to your eyes.

» Note how close you can bring it before it becomes a
double image.

« Also, note how much discomfort you feel.
» Next, try the same exercise at eye level.
« Finally, bring the pencil in from below your chin.

» Which gaze angle allowed you to bring the pencil
closest before it became a double image?

» Which gaze angle caused the least discomfort?

» Lowering your gaze has decreased the demand on
convergence.
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There does not appear to be any scientific evidence on the visual system that supports
placing computers at eye level or higher (Straker and Mekhora, 2000). In fact, people who
work with lower computer screen placements have better accommodative flexibility and
convergence than do people who work with their monitors placed higher (top edge of the
computer screen even with the eyes or higher) (Fostervold et al., 2006).

How low should we set the screen? The top of the screen should be at least 15° below
horizontal eye level (Ankrum and Nemeth, 1995). However, it should not be so low that
the child cannot easily see the bottom of the monitor in a variety of postures, including
reclining.

MONITOR TILT: Notice how you are

. . ; Table 4.28 Try it: Lowering your gaze improves
holding this book. Most likely, you have Y SRAS P

accommodation

it set low and tilted away at the top. : :
» Hold a business card at arms’ length in front of your

Now, while you are reading, rotate
the book so that the top comes closer
to your eyes than the bottom. Keep
rotating.

The more you rotate the top
towards you, the more uncomfortable
it becomes to read. Some people tilt
a monitor down (so the top comes
toward the user) to avoid glare, how-

eyes.
 Bring it toward you until the letters just begin to blur.

« Without moving your head, gradually lower the
business card in an arc, at the same distance from
your eyes.

The letters get sharper!

The eyes have improved their ability
to accommodate by looking
downward.

ever this can cause that same type of
discomfort.

Tilting the monitor down (so that the top of the screen is closer to the eyes than the
bottom) can increase visual and postural discomfort, especially for the neck (Ankrum and
Nemeth, 1995). Rather than tilting the screen down to avoid glare, the source of glare must
be eliminated.

It is difficult to place traditional monitor screens low and tipped back on standard desks.
You can place flat panel displays low enough, and their thin profile allows them to tilt back
sufficiently. However, the pedestals on many flat panels do not allow them to be located
low enough to conform to ISO 9241 part 5. Flat panels with removable pedestals and
75/100 VESA-compatible mounts (VESA, 1999) should be specified to allow for appropri-
ate screen positions (Ankrum, 2001).
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Why it works: The horopter

Loosely translated, horopter means “horizon of vision.”
The horopter is the locus, or grouping, of points
in our field of view that appear to us as single images.
These points appear as double images if seen anywhere
else in space.
Why does this happen? When we look out at the
world, objects in the upper part of our peripheral
vision are generally farther away than the point we are
looking at. Objects in the lower part of our peripheral
vision are usually closer.
For example, if you focus on a spot on the ground,
what is below the spot will usually be closer to you and
what is above the spot will usually be farther away.
In response to the environment, the visual system
has evolved to perform best when the visual plane tilts
away from us at the top (Ankrum, et al., 1995).
People feel more comfortable viewing items that do not
“contradict” the horopter. It is especially uncomfortable to
look at low computer screens (below eye level) without
tilting it back. It is easier and visually more comfortable .
to look at that same screen after tilting it back so the Figure 4.29
top edge is farther from the eye than the bottom edge
(Ankrum, et al., 1995).
If reading material is flat on a horizontal surface, it is tipped back much farther than the horopter. However, when
the material is on a slope, it more closely approximates the horopter. (Ankrum, et al., 1995.)

Table 4.29 Try it: Find your vertical horopter

» The vertical horopter is spatially located at the midline, in front of
the observer and forms a straight line passing through the feet with
the top inclined outwards.

» Hold a piece of rope vertically at arm’s length. Look at the center
of rope.

» Both ends of the line will appear as double images in your
peripheral vision. When you tilt the rope backward (with its top
farther away), the ends will appear as single images.

Note: The horizontal horopter is curved with the sides coming closer
to the observer.

98




Visual ergonomics for children

Table 4.30 Guidelines for Parents, Manufacturers, and Child Users

Parent or teacher

1.

For each degree that the center of the screen is below eye level, tip the screen
back 1° from vertical.

The top of the monitor should not be closer to the eyes than the bottom. (If you
need a measuring tape, it is close enough.)

For written work, supply desk surfaces that slope upward (front to back) approximately
20° (use slope boards if sloping desks are not available).

Teach children about proper sitting postures and viewing.

These include appropriate viewing distances, glare, fonts, and how to recognize
possible causes of their discomfort.

Encourage children to take frequent breaks.

Provide them with specific activities to do during those breaks, especially when
they are intensely involved in playing games.

Place the top of the computer screen at least 15° below the child’s eye level.

If this is not possible, make sure that the child does not have to bend his or her
neck back.

If more than one child uses the computer, ensure that the seat, computer screen,
or both adjust in height.

Teach the child how to make the appropriate adjustments.

Manufacturers

N —

. Ensure computer screens permit tilt up to 35°.
. Make flat panels VESA compliant.

Allow removable pedestals or pedestals that allow the bottom of the housing to
touch the work surface and tilt back.

Provide guidance to avoid glare from ceiling lights when tilting the monitor.

a. Indirect lighting

b. Positive polarity screen (dark letters on a light background)

c. Supplemental task lighting (to reduce the need for overhead lighting)

Children at
computers

. Place the computer screen at least 65 cm (25 in.) from the eyes.

Farther is even better as long as the screen is legible.

Increase zoom level if necessary.

Take frequent breaks.

Take short vision breaks by looking out in the distance.

Adjust the screen brightness so the eyes are comfortable; readjust throughout
the day if the lighting changes.

SCHOOLWORK AND HOMEWORK: Designers should consider children’s vision when
designing physical environments. This is often not the case; for example, a proposed Dutch
standard for school furniture did not consider eye height (Molenbroek et al., 2003).

VISION—A PREMISE FOR POSTURE

Vision is the main source of information for normally sighted children and adults. People of
all ages adapt postures so they can see what they want.
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Children move into posi-
tions that enable them to
see, often staying in uncom-
fortable, hunched, and
craned postures for long
periods of time, despite
their discomfort. Such pos-
tures may become habitual
and affect growth patterns.
Productivity and comfort
improve  when  children
can see easily, their bodies
have support and their eyes
are not stressed.

Inappropriate postures
may also lead to other
problems. For example,
Table 4.31 describes what
happens when a child
adapts less desirable pos-
tures to accommodate
visual demands.

Design the layout of
furniture and equipment to
support children’s activities.
For example, position
equipment so that it is easy
to see and use.

Some researchers
maintain that changes in
neck and trunk muscle
tension (such as when
children sit in postures
that require close
viewing) can contribute
to myopia (near
sightedness), hyperopia
(farsightedness),
esophoria (inward
squint), and exophoria
(outward squint)
(Birnbaum, 1993).

Figure 4.30 When lowering the screen, it is

necessary to tilt the top of the monitor (away
from the eyes) to ensure an angle of at least
90° between the line-of-sight and the screen.
(Ergonomidesign AS. With permission.)

Table 4.31

How Our Tasks Affect How We Sit and How We “See”

Sitting posture

Adaptive posture

Postural problem

Vision problem

Leaning forward
when writing
surface

Extreme neck flexion
with the face nearly
parallel to the flat work

tension and fatigue

Neck and upper back

Shorter viewing distances,
possibly leading to reduced
visual acuity and
accommodative flexibility
(Marumoto et al., 1998)

Sitting upright to
view a high
monitor gaze

Increased neck
extension and higher

back tension

Neck, shoulder, and

Maintaining static postures
with a higher gaze

Reclining to view a
high monitor
screen

Buttocks slid forward
toward front of seat. May
tilt head back to view

No lumbar support.
Possible back pain

Gazing upward creates
greater accommodative
demand
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SLOPED DESKS: The visual system functions in a world that slants away (recall the section
on the vertical horopter) and is more comfortable viewing computer screens that tilt away
at the top. The same is true with desks.

Adults who use desks that slope about 20° sit straighter and flex their necks less
(Bridger, 1988). We expect the findings and the principles of sloping desks also apply
to children. Binocular vision is better as both eyes are approximately the same distance
from the task. Fine-motor coordination improves as the task is brought closer to the
eyes and within a comfortable “working envelope” for the child (Birnbaum, 1993). Finally,
children prefer desks that slope (Agaard-Hansen and Storr-Paulson, 1995; Callan and
Galer, 1984).

VISION AND LIGHTING

Most children accept inferior lighting conditions as long they can see what they are
doing. They may not know how to improve their environment, or even that it can be
improved.

Because they are less likely to complain than adults, many caregivers and teachers
assume that lighting is not a problem for children. However, lighting conditions that strain
adult vision also strain children’s vision.

Since a child’s visual development occurs, in part, in response to visual demands, proper
lighting is perhaps even more critical for children. Lighting can positively or negatively influ-
ence their visual development. In fact, future designs may help children’s visual systems
“‘learn” functions we once considered part of “normal development.” For example, varying
proportions of direct and indirect lighting could create luminous environments that increase
the sensation of depth in kindergarteners (Nersveen, 1999).

HOW MUCH LIGHT IS RIGHT? More is not always better; different tasks require different
levels of light. Because we do not know children’s preferences in lighting, most designs
assume that what is good for adults is also good for children.” For example, School and
University Lighting standard ANSI-IESNA RP-3 (IESNA, 2000) does not mention possible
differences in children’s visual systems.

LIGHTING AND CHILDREN: COMMONLY ASKED QUESTIONS:

1. Does lighting affect behavior?

For years, lighting designers assumed that increasing light levels would improve perfor-
mance. However, as long as light levels are within normal limits, simply changing illumina-
tion will not affect reading performance (Veitch, 1990). In most cases, the primary objective
of lighting is to make objects visible. The visual system can function in a variety of well and
dimly lit environments.

* Current recommendations for adults range between 500 to 1000 lux (Kroemer & Grandjean, 1997), preferences can be lower (Veitch & Newsham, 2000) or
higher (Kroemer & Grandjean, 1997). Preferences can even exceed levels found to be comfortable (above 1000 Ix) (Kroemer & Grandjean, 1997).
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2. Will a nightlight affect a child’s vision?

Depriving a baby chicken (chick) of form vision (sharp contrasts in the visual field) causes
the axial length of their eyes to lengthen and causes abnormal refraction (Papastergiou
et al., 1998). Some researchers compare keeping a light on for humans with deprivation
of form vision as in chicks. However, no association was found between the prevalence of
myopia and sleeping with nightlights in children under 2 years of age (Saw et al., 2001).

3. Infants love to stare at bright lights. Will glare
harm their vision?

When glare is irritating for adults and children,
they can move away to get relief. Infants cannot
move away as easily. On the contrary, young
children seek sources of light.

Designers should avoid lighting with mirror
reflectors in maternity wards and other areas
where often there are infants. Side window
shades can reduce glare in the backseats of
cars. Indirect lighting can reduce glare in areas
of high use by children. Since the design and
installation of most lighting considers only adult
requirements, designers may need to “think
again” to avoid glare for children.

4. How do lights that “flicker” affect infant’s vision?
Infants are vulnerable to flicker. The larger and
brighter the flickering light, the easier it is to
perceive flicker. When using indirect lighting, the
light reflected from the ceiling must be extremely ~ Figure 4.31  (Ursy Potter Photography)

. . C i ; Infants seek sources of bright light as early
bright in order to distribute sufficient light to the . first week of life, perhaps because

room. they represent interesting contrasts in the
Infants lying on their backs looking at the environment. Although no studies with infants
ceiling cannot avoid the resulting flicker. Flicker- ~ directly implicate short-term exposure to glare

with long-term harmful effects, it would be wise

free lighting systems, with electronic ballasts and to eliminate glare whenever possible.

a combination of indirect or direct lighting are
preferable in maternity wards and other locations
of high use by infants and small children.

5. When can children accurately judge distance and speed?
Many people consider poor judgment to be a sign of a lack of psychological maturity.
Although that is true in some areas, physiological factors can play a role. The dorsal and
ventral streams are two parallel visual pathways in the brain.”

* The dorsal stream plays a critical role in processing motion and the planning and execution of actions. The ventral stream processes information about
objects, features, and relationships.
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These two systems do not work separately
until sometime between 5 and 12 years of age.
The ability to perceive distance reaches matu-
rity later than the perception of location (Rival
et al., 2004). This lack of separation may explain
some of the difficulties children experience in
estimating speed, movement, and distance
in three-dimensional space (Figure 4.32).

Training programs to improve the judging
ability of children offer promising anecdotal
reports, but the effects seem to be transient
(Connelly etal., 1998). If the underlying reason
for poor judgment is physiological, training
may do nothing more than give parents and
teachers a false sense of security.

6. Are vision and balance related?
Vision is important for movement and balance.
Although there are many possible reasons for
a child’s “clumsiness” or poor balance, there
is a link between physiological immaturity and
dorsal and ventral stream processing.*
Children with “developmental clumsiness”
have more difficulty detecting global visual
motion (ventral) and global visual form (dorsal)
(Sigmundsson et al., 2003). Thus, many seem-
ingly clumsy children may not be clumsy
because they fail to concentrate, but rather
because they have difficulties processing visual
information.

7. Is protective eyewear during sports really
necessary?

The American Academy of Pediatrics and the
American Academy of Ophthalmology have
issued a joint policy statement on protective
eyewear for young athletes. They strongly rec-
ommend protective eyewear for athletes who
are functionally one-eyed and for those who
have undergone eye surgery or trauma. The
statement also lists the risks associated with
different sports and indicates which eyewear is
appropriate for what sport.

* Question 5 explains dorsal and ventral processing.

Figure 4.32 (Valerie Rice)

Five- to nine-year-olds have difficulty judging
whether a gap in oncoming traffic is adequate to
safely cross a street. Only some 11- to 12-year-olds
can cross safely! Most children rely on distance to
make their judgment and do not consider the speed
of oncoming traffic.

Figure 4.33 (Ursy Potter Photography)
Protective eyewear is easy to use and does not
interfere with performance. It is a small price to pay
to protect loss of vision or loss of an eye.
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Their joint statement suggests that people with previous surgeries or who see primar-
ily from one eye need protective eyewear the most. This is does not however suggest that
other children are “safe” without it; for example, vigorous sports have safety risks.

CONCLUSIONS

Many questions about children’s vision
remain unanswered. We do not know
how much near vision work will cause
problems. We do not know what viewing
distances are “safe.” We can only attempt
to improve the odds by changing our
children’s viewing environment so their
near viewing tasks are “farther,” “lower,”
“for shorter times,” and so on.

Many of the studies cited in this
chapter were conducted with adult
subjects. Although nothing is known
that would make it likely that the results
would be different for children, studies
with children as subjects are needed.

When one considers the time chil-
dren spend reading, writing, and on the
computer, it is clear that a good deal of
this time involves “near vision tasks” in
artificially lit environments. As parents and educators, we must do everything we can to
lessen the potentially negative impact of the “computer” age on our children and encour-
age healthy vision.

Figure 4.34 (Ursy Potter Photography)
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o

SUGGESTIONS:

The best way to reduce the effects of “near vision” is to make it “less near.”

Try to get the monitor at least 65 cm (25 in.) away from the child’s eyes, or

the farthest distance possible without sacrificing legibility.

a. Adjust the fonts to increase the size of the text.

b. Use the zoom and “word wrap” features to facilitate reading at farther
viewing distances.

c. Use larger monitors to allow for farther viewing distances.

Lower the computer screen.

Ensure the top of the screen is at least 15° below the child’s horizontal eye

level.

Tip monitors back so that the top of the screen is a bit farther from the eyes

than the bottom of the screen. This is especially important when the screen

is lowered.

Place the monitor so that windows and bright lights are to the side, not

behind or in front of the child.

Use sloped desks for reading and noncomputer work tasks.

Develop good work habits that involve postural and visual variation. Take

regular breaks and look into the distance often (perhaps every 10 minutes).

Use good quality lighting equipment, preferentially flicker free systems with

electronic ballasts. Place lights or lamps to prevent shadows and glare.

Get regular eye exams and look for signs of visual fatigue. If visual fatigue

occurs, take action! Change the environment, take breaks, and rest the

eyes. Remember that children are less likely than adults to complain about

discomfort. Therefore, adults who work with children must look for warning

signs that indicate a child is having problems.

The American Optometric Association (AOA) lists these child warning-signs.

« Lose their place while reading

Avoids close work

Holds reading material closer than normal

Tend to rub their eyes

Has headaches

Turns or tilts head to use one eye only

Makes frequent reversals when reading or writing
Uses finger to maintain place when reading
Omits or confuses small words when reading
Consistently performs below potential
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Section A: Hearing and Noise

WHY IS NOISE A PROBLEM?

Most of us do not think of sound
(noise) as an ergonomic issue. Yet
loud and distracting “toxic” noise
is dangerous and can damage our
ears. Even “safe” classroom sounds
(noise) can hinder children from
doing their jobs: listening, thinking,
talking, creating, and learning
(Shield and Dockrell, 2003a,b).

According to the World Health
Organization (WHO), about 580
million people (40 million in the
United States) have some degree
of hearing impairment. Further,
WHO believes that this number
underestimates the real prevalence
of hearing loss. Noise-induced
hearing loss (NIHL) caused by toxic
noise accounts for one third of all
permanent hearing loss in devel-
oped countries.

INTRODUCTION

Figure 5.1 (Ursy Potter Photography)
Teachers, parents, and students need to recognize that noise
exposure at school, home, work, travel, and in recreational
activities can harm children’s hearing.

Noise can adversely affect a child’s ability to communicate and
learn and their general health, behavior, performance, and safety.

Worldwide, hearing loss in children is increasing at an alarming rate (WHO, 1997). In
the United States, 5.2 million children between 6 and 19 years old have a hearing loss
directly linked to noise exposure (Niskar et al., 2000).

Noise creates an Not only is toxic noise a public health threat, it is an invisible, insidi-
ergonomic mismatch ous, and often forgotten ergonomic issue (Box 5.1). The good news
with educational, is most noise-related health and learning problems are usually
health, and hearing preventable!

conseguences.
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Box 5.1 Toxic Noise

Exposure to unsafe decibel levels of sound can be toxic,
causing temporary or permanent hearing damage and
hearing loss. While all the structures of the inner ear that
support hearing are delicate, the hair cells are especially
fragile. These begin working while the fetus is still in the
womb.

The ears do not make new hair cells after birth; once
damaged, hair cells cannot regenerate. All you will ever have
are those present at birth. A one-time exposure to loud noise
or repeated exposures to toxic noise at various unsafe levels
can damage and eventually “kill” hair cells.

Remember:

» You cannot “toughen” your ears by constant exposure.
Figure 5.2 (Nancy Vause)

« You cannot “tune out” loud noises that you hear over time. Most people know someone with age-related
- If a person feels they have “gotten used to” the loud sounds hearing loss (presbycusis) or occupational
they hear over time, they have probably already suffered hearing loss, but they often do not realize the
some amount of permanent hearing loss. risk noise poses in children. Toxic noise can
(Source: Deafness Research Foundation.) cause “old ears” in young bodies.

“SAFE” NOISE LEVELS

Toxic noise (inside and outside the classroom) can damage hearing, but even “safe” noise
levels can disrupt learning (Figure 5.3).

Figure 5.3 (Kurt Holter Photography, Frederick, MD)* Figure 5.4 (Valerie Rice)*
Noise makes it difficult for children to hear important sounds such as speech and warning signals. Most children are still learning
how to become listeners. It is difficult for them to develop listening skills that require them to hear speech, concentrate, read,
and learn in noisy environments. Depending on the classroom environment, a child may (or may not) not feel comfortable
continuously asking for clarification or may not even realize he has missed important information.

On the other hand, some school environments are exceptionally noisy. The noise levels during lunch in a cafeteria,
while working in shop class, or while in band can reach toxic levels.

Noise does not affect everyone equally; children have differing levels of sensitivity to
noise. Its impact is particularly deleterious for children with English as a second language
(ESL) or who exhibit attention deficits, developmental delays, speech, language, or learning
disabilities, as well as children with temporary or permanent hearing loss.

* Figure 5.3 reprinted with permission of Banner School parents. Figure 5.4 reprinted with permission from St. Thomas Moore Catholic School.
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Temporary hearing impairments are more common than most people realize. At any
given time, several children in a primary school classroom may have some form of temporary
hearing impairment (Nelson, 1977) (Box 5.2).

Even hearing loss in one ear

BOX 5.2 TEMPORARY HEARING LOSS

Acoustics ear can create problems; havingone | « Temporary hearing loss interferes with
“good” ear does not fully compen- hearing, making it more difficult to learn
can thance gt ke © tlz E » may result from ear fluid (otitis media),
learning or sale or maxe -everything oxay colds, flu, or the buildup of earwax.
hinder the for learning. There is a higher | . Teachers may also notice a child pulling
educational incidence of grade failure among on their ears, talking louder or softer,
. ; : . turning up the television or radio to higher
rocess.
P children with unilateral - hearing loudness levels or inattentiveness to soft
loss (Bess et al., 1998). A good sounds; fever, ear fluid draining, or
listening environment and preferential seating will balance problems; or children exhibiting

improve the child’s ability to listen and learn. EQEZS%LVS irritable, tired, or inattentive

Negative effects of poor classroom acoustics | . Temporary hearing loss may delay speech
(such as noise) include: and language development.

. teachers must talk louder, placing them at risk for vocal fatigue and voice disorders, and
. teachers and students are distracted from auditory and visual tasks such as teacher
instruction, white or blackboards, books, or conversations (Anderson, 2001a).

School and classroom locations or designs can contribute to noise problems. One size
does not fit all. Consider the shape, size, and surfaces. The acoustical requirements for
small or large classrooms, music or shop rooms, auditoriums, cafeterias, and gymnasiums
are different and must receive individual consideration. Effective (and cost-effective)
listening environments require careful planning during the design process, rather than
as an afterthought. Locating schools near noise sources such as public transportation
systems (e.g., airports, railroads, etc.) also can expose children to unwanted noise.

Unfortunately, many classrooms are so noisy they interfere with communication required
for teaching and learning (Knecht et al., 2002). Teachers report noise as one of the most
unsatisfactory environmental classroom conditions (GAO, 2001).

Classroom acoustics standards have been in place only since 2002 in the United States.
The American National Standards Institute (ANSI) approved ANSI S12.60 2002 as the first
American standard and is available free: http://asastore.aip.org. A multidisciplinary group
of educators, subject matter experts, and parents thoughtfully developed the standard. The
Access Board also recognized noise and reverberation as significant barriers to listening
and learning. They proposed this standard as a guideline to meet American with Disability
Act (ADA) requirements.*

Although the Occupational Safety and Health Act of 1970 (OSHA) protects adults from
noise, No equivalent protection exists for schoolchildren. In one survey of teachers, 75%
reported their school did not have a noise policy or program (Dockrell and Shield, 2002).
Surprisingly, many health textbooks do not include information about noise, noise hazards,
NIHL, or strategies to prevent hearing injuries.

In a sense, a classroom with good acoustics is a critical teacher tool required to facilitate
instruction much like books or desks. If no teacher expects a child to read without adequate light,
no teacher should expect children to listen and learn in the equivalent of auditory darkness.

* Of course, this standard meets only one portion of ADA requirements, as other physical and mental disabilities need other types of accommodations.
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TOXIC NOISE LEVELS

“Toxic” noise can damage ears by destroying delicate hair cells of the inner ear. While
many people assume hearing loss only occurs with exposure to very loud levels of impulse
noise (like firecrackers),* more frequently hearing damage occurs from long-term exposure
to toxic noise.

Figure 5.5 (Michael Younkins) Figure 5.6 (Valerie Rice)

Few people realize noise exposure during routine school activities (e.g., bus, lunch, gym, music, shop, band, etc.)
can exceed that of an 8 hour workday in a factory (WHO, 1997). Twenty-six percent (26%) of students in band or
vocational classes (e.g., woodworking, body repair, shop) exhibit some degree of noise-induced hearing loss (NITHL)
(Montgomery, 1990).

Ear injuries can also occur at home (e.g.,
motorcycles, CD players, toys), during recre-
ational activities (e.g., band practice, video game
arcades, sporting events, car and truck races,
snowmobiling, target practice), or while working
after school (e.qg., fast-food headsets, lawn and
farm equipment, power tools, chain saws).

Most people do not realize the danger of toxic
noise (Figure 5.8 through Figure 5.10). No one may
immediately notice these injuries because ears
do not usually hurt or bleed. All the while repeated

exposure to loud toxic noise continues to affect Figure 5.7 ~ (Nancy Vause)

. ) . . Game sounds are loud; children and
these delicate inner ear structures—disrupting parents yell above them to communicate
their blood supply and may cause permanent hearing in video game arcades. These arcades can
loss. be extremely noisy and may contribute to

hearing damage.

* Permanent NIHL can result from loud impulse noise (=140 dBP) and from lower levels (=85 dBA) of continuous noise exposure over time in adults.
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Since NIHL ear damage
initially decreases hearing in
the higher frequencies around
4000 Hz, many people (chil-
dren and adults) do notrealize
they have even lost hearing.
Often, listeners do not realize
they are missing sounds and
may accuse family or friends
of “mumbling.”

By the time teachers,
students, or parents notice a
problem it is too late. Damage

is often already irreversible Figure 5.8 (NHCA) Figure 5.9 (NHCA)
and permanent. The good Figure 5.8 shows normal hair cells within the inner ear, while Figure 5.9

. . 1 *
news is—usually hearing loss shows damaged hair cells.
injury from noise exposure is
easily preventable.

Figure 5.10
A normal inner ear (cochlea). * A damaged inner ear
(NHCA) caused by noise.

THE RESULT

Toxic noise places children, teachers, and parents at risk. Rates of children experiencing
NIHL are increasing (Bess et al., 1998). In the United States, about one in eight 6- to
19-year-olds experience loss of hearing from noise exposure (Niskar et al., 2001). The
problem exists in other countries as well, including Sweden, China, and France (Costa
et al., 1998; Morioka et al, 1996; Meyer-Bisch, 1996).

Exposure to noise hazards affects 97% of third-graders (Blair et al., 1996). Although we
do not know how much of children’s NIHL is caused by classroom exposure, it definitely
causes concern. This is particularly so since children do not intuitively know how to protect
hearing and prevent hearing loss, and they may not believe damage can happen to them
(Watkins, 2004).

* Poster graphics Figures 5.8, 5.9,and 5.10 reprinted with permission of the National Hearing Conservation Association (NHCA).
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THE SOLUTIONS

Teachers, parents, students, and communi-
ties must first learn about noise and the risk of
ear damage. Then, they must use this knowl-
edge to address the noise pollution problem
both in side and outside the classroom.

The European Agency for Safety and
Health at work is educating the European
public through a public awareness campaign
entitled “Stop that Noise! It can cost more
than your hearing” in an effort to educate

Figure 5.11 There are
many ways to educate
the public about hearing
loss. However, to be
effective with children, the
programs need to target
children, as well as, adults.
Marketing techniques can
include posters, classroom
education, and public
service announcements
by popular individuals or
characters. (From NHCA
and AAA.)

workers.

Resources are also found in
Appendix C with descriptions of the
programs or products. In the US,
several professional government and
nonprofit groups are also tackling the
noise pollution problem. Projects like
Better Speech and Hearing Month in
May, International Noise Awareness
Day (every April), the Audiology
Awareness Campaign’s “Get on the
right track—protect your hearing” to
promote consumer awareness in auto
racing, or “HEAR” for awareness by
musicians.

There are many ways to gain and
implement knowledge about noise and
hearing (Figure 5.11, Figure 5.12, and
Table 5.1). The section on prevention
below provides additional details, espe-
cially on reducing classroom noise.

Figure 5.12  (Geri Corona)

Noise thermometers help children, parents, and teachers
understand which sounds are in the toxic noise “DANGER
ZONE, in order to avoid injury and hearing loss.

Table 5.1 Common Household ltems can Cause Ear Injury after Relatively Short Exposures without
Hearing Protection. These Risks are Based on Adult Allowable Exposure Levels, as there are not
Comparable Guidelines for Children

Home Equipment Sound Level Risk of Hearing Loss
Chain saw 110 1 minute
Hair dryer 90 2 hours
Leaf blower 110 1 minute
Subway train 90 2 hours
Amplifier rock concert at 4-6 ft 120 Immediately

Source: From National Institute for Occupational and Safety (NIOSH), U.S. Department of Health and Human
Services, Public Health Service, Centers for Disease Control and Prevention Publication 98.126.
“Occupational Noise Exposure Revised Criteria 1998,” June, Cincinnati, OH, 1998, pp. 24-25.
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THE BOTTOM LINE

We often take hearing for granted. Yet, we enjoy our good hearing in daily communication,
learning, safety, and quality of life (Figure 5.13 and Figure 5.14).

Helen Keller provides a thought-provoking perspective. She could neither see nor
hear. When asked to compare her loss of vision with her loss of hearing she said (Walker,
1986):

Blindness cuts people off from things,
Deafness cuts people off from people.

Who can envision cutting our children off from friends and family? Can we even imagine
the isolation and miscommunication that hearing loss creates?

Figure 5.13 (Kurt Holter Photography, Frederick, MD)*  Figure 5.14 (Kurt Holter Photography, Frederick, MD)*
Hearing ergonomics for children provides teachers, parents, and students “sound advice” on the basics of sound,

hearing, toxic noise, classroom acoustics, hearing conservation prevention strategies, and protective measures to enable
children to listen for a lifetime.

Increase public awareness!

Spread the word, emphasize noise destroys hearing and
can hinder learning!

Sound Advice

Start a school hearing conservation program TODAY!

If children don’t understand why they should protect their
hearing—they probably won't.

Form a team to examine classroom acoustics!

* Photo reprinted with permission of Banner School parents and photographer Kurt Holter Photography, Frederick, MD.
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SOUND SCIENCE

People should understand basic acoustics—the science of sound—(e.g., production, trans-
mission, reception, and effect), before they can improve acoustics in their surroundings.*

OBTAINING INFORMATION

Many foundations and organizations (e.g., Audiology Awareness Campaign, Wise Ears,
League for the Hard of Hearing, Hearing Education and Awareness for Rockers [HEAR],
Self Help for Hard of Hearing People [SHHH]) provide useful consumer information. The
National Hearing Conservation Association represents the noise and hearing conservation
professionals (academic, clinical, industry, and government) and provides an abundance of
information in various formats for use by individuals or groups (Figure 5.15 and Figure 5.16).

Figure 5.15 (Adam Beehler) Figure 5.16 (Adam Beehler, Colorado State University)
The National Hearing Conservation Association provides educational advocacy, information, and useful teacher
tools. The popular “Sounds like Fun” program (developed by “Dangerous Decibels” and “Little Shop of Physics”)
offers age-appropriate interactive activities and physical demonstrations (like Adam’s Weird Ears/Big Ears) ready
for inclusion in health or science curriculum ideas, lesson plans, videos, and audio demonstrations and detailed
activities are available on the NHCA Web site.

Involving children in activities helps them to learn the concepts. Since sound energy is
invisible, the instruction and interactions must be creative to help children understand the
underlying concepts (Figure 5.17 through Figure 5.20). Some of these demonstrations and
activities include:

« Good Vibrations: understanding the connection between sound and vibration (Figure 5.17);
« Sound Moves: sound is energy that moves through the air to ears (Figure 5.18);

Holy Interfering Waves, Batman!. hear the effects of sound produced next to a nearby
object;

. Memory Foam: observe the different absorption effects of materials;

* Several textbooks (Harris, 1998; Berger, 2000; Yost, 2000) provide technical explanations of sound’s properties beyond the scope and intent of this
discussion.
T Photo and logo reprinted with permission of Little Shop of Physics (http://littleshop.physics.colostate.edu).
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Bubble Trumpet: see loud damaging noises do not always produce noticeable
visual changes;

Shake it Break it: illustrate the impact of noise on delicate inner ear hair cells
(Figure 5.19 and Figure 5.20);

Weird Ears/Big Ears: experience sound gathering from different directions
(Figure 5.15); and

Ear Model/Photo Phone: observe how an ear can channel sound to the eardrum.

Figure 5.17 (Nancy Vause) Figure 5.18 (Nancy Vause)
Engage in activities that teach children about sound properties, the
consequences of toxic noise, and what they can do to prevent injury and
hearing loss. Children learn by doing, as well as seeing and hearing.

Figure 5.19 (Nancy Vause) Figure 5.20 (Nancy Vause)
Age-appropriate fun activities should begin in kindergarten or earlier to increase
awareness while promoting healthy hearing. This boy is learning that when the pipe
cleaners: he holds, representing the tiny hairs in the inner ear are shaken (vibrated due
to noise), they “break” and hearing is damaged. It is a powerful, hands-on, message a
young child can understand.
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SOUND PARAMETERS

Familiar parameters of sound include: (1) frequency, (2) intensity, and (3) duration.

Musicians often include timbre (Table 5.2). These parameters distinguish one sound
from another. The timbre allows easy recognition of unique musical instruments or a friend’s
voice.

Table 5.2 Basic Acoustic Terminology, Concepts, and Definitions

Perception

(If Applicable) Definition

Terminology

1. Pressure variations in any moveable (elastic) medium like
Sound Sound/noise air, water, and solids
2. Pressure changes in the form of vibration

1. Random sound without clearly defined frequency
Noise Noise/sound components
2. Unwanted, disagreeable, or undesirable sound

Number of vibrations or complete cycles per second (the faster
Frequency Pitch the cycles, the higher the frequency or pitch)

Measured in hertz (Hz)

The sound wave’s strength, amplitude, or pressure
displacements. The larger the amplitude—the higher the

i intensity or amplitude
Intensity or sound Loudness y p

pressure level (SPL) Originally measured in bels after Alexander Graham Bell.
Current use divides the bel into 10 more manageable units,
decibels (dB)

The amount of time a sound is present or the amount of time a
Duration Exposure time | listener listens to the sound. The latter value is important to
determine noise “dose”

How sound is distributed over time (short bursts, long steady
Beat/rhythm periods, intermittent, varying, etc.). Important to determine
noise “dose”

Temporal properties
of sound/noise

Complex sounds consist of many frequencies (speech, noise,
music, etc.). The frequency—intensity relationships create

i ) distinct sound characteristics or qualities
Timbre Sound quality . ] ) ) )
Timbre is mainly determined by the harmonic content of a

sound and the dynamic characteristics of the sound (vibrato and
attack-decay envelope)

NOISE AND NOISE ABATEMENT

Unwanted sound is noise to most listeners. Noise can cover a broad distribution along the
frequency spectrum and be a combination of several frequencies. Therefore, determining
injury risk and noise reduction strategies requires evaluation of the sound parameters
(intensity, frequency, and duration).

Most noise involves such a large frequency range it is impossible to manage all
frequencies at once. Devices such as sound level meters can measure the overall intensity
including all frequencies using an A-weighted sound level (dBA) intensity measurement.
These devices can also narrow the frequency range (bandwidth) by limiting the range
between two frequency limits.
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Noise control engineers, industrial hygienists, and audiologists measure noise intensity
broken down into even smaller more manageable frequency ranges called octave bands (OB).
These groups of frequencies or OB help to identify effective reduction strategies. The noise OB
characteristics help determine ear injury risk (higher frequencies are usually more dangerous)
and classroom noise problems (lower frequency noise can vibrate through the walls).

In determining “How much noise is too much noise?” intensity and OB measurements
are not enough. The noise—time relationship (temporal characteristic) and the duration of
exposure are also important (Table 5.3). Noise levels vary in duration and intensity during
an adult or child’s “workday.” Dosimeters measure individual noise exposure levels and
calculate an average noise level or “noise dose” over a specific time limit.

One study placed dosimeters on 116 children (6 to 14 years) from the time they got up in
the morning until bedtime. The children’s noise exposures reached levels as high as 115 dBA
during recess. Levels of toxic noise existed during bus rides, lunch, gym, shop, and hockey
games. Inthe end, the average noise exposure for all children over a 24 hour day was 87.5 dBA.
This level exceeds the permissible exposure level (PEL) for factory workers (WHO, 1997).

Recreational activities are a primary source of noise (Kullman, 1999). Sporting events
(fireworks, fans, and football) reach peak levels of 135 and 143 dBA (Epstein, 2000). Even
a nice movie can range from 72 to 86 dBA or higher. Monster truck rallies have the highest
intensity levels, peaking at 146 dBA (Berger and Kieper, 1994).

Table 5.3 Description and Examples of Different Types of Noise Temporal Characteristics

Noise Temporal

Characteristics e

Example

Describes a constant presence of noise. Steady

This is just as damaging as continuous noise

Continuous state and varying describe noise intensity See below
parameters
» Motorcycles
) i « Lawn mowers
Steady state Intensity remains constant
» Tractors
» Generators
Intensity levels fluctuate with no significant quiet Woodworking equipment
Varying periods in the environment (never totally quiet). (louder when cutting wood)

Professional sporting events

Intermittent

Intensity varies significantly with periodic
interruptions of quiet between noise episodes

Some evidence suggests this type of noise is
not as hazardous since the ear has some time
to recuperate

Dental drills
Highways
Fast-food headsets

Heating, ventilation, and air
conditioning (HVAC) systems

Impulse or
impact

Distinctive single pressure peak or burst (<1 s)
which can repeat after a period of quiet (>1 s)

Impulse and impact noise are not exactly the
same, but most people use the terms
interchangeably

One intense exposure can cause permanent
damage

Thunder burst
Firecracker
Popgun
Shotgun
Hammers
Pneumatic tools
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Most experts consider high levels of impulsive noise more hazardous than continuous
noise because the sound wave can immediately damage tissues, rupture eardrums, dis-
rupt middle ear bones, disturb blood supply, and cause permanent damage to the inner
ear with only one exposure. Furthermore, without prior warning the short duration can
prohibit use of prevention strategies such as inserting earplugs or putting on earmuffs
(Figure 5.21).

SIGNAL-TO-NOISE RATIO _®
: @ 30
In the best acoustical classroom 8
designs, competing background g 2
noise does not significantly inter- % 10
fere with a students’ ability to hear > 0
. e (%]
and understand speech. This ability T
depends upon the signal-to-noise 20
ratio (SNR). 0 05 01 015 02 025 03 035 04 045 05
SNRs compare the intensity of Time in Seconds
P y
SpeeCh SUCh as a teacher’s VQICG Figure 5.21 (Joel Kalb and Dick Price)
with competing background noise. An impulse sound wave. Impulse noise measurements use
For examp|e, if a teacher’s voice (a’[ a pee}k SPL meas'uremer.lt (dBP) to diffc?renti}allte Between tden]
; : continuous, varying, or intermittent noises that do not suddenly
the student’s ears) .IS 5_5 dBA and peak. The impulse noise sound wave reflects this very sharp rise
the background noise is 50 dBA, and fall of pressure.

the SNR = +5 dBA. The teacher’s
voice (signal) is 5 dB louder than the
background noise (Figure 5.22).
Classroom SNR can range from
+5 to =7 dB (Finitzo-Hieber, 1988;
Markides, 1986). Unfortunately,
this is an educational ergonomic
mismatch since students require
SNRs at least +15 dB louder than
background noise to hear teacher
instruction (Nelson et al., 2002).
Simply talking louder does not
solve the problem. Children have
difficulty understanding speech
when the overall background noise
exceeds 69 dBA, even with an ideal
SNR (Studebaker et al., 1999).

Figure 5.22 (Valerie Rice)
The SNR varies as a teacher walks around the room, turns her
head or has objects between her and the listening children that
block the movement of some of the voiced sound waves.
Although this would make it seem like teachers should
stand in one place and project their voices in a single
direction, some teachers use it to their advantage, addressing
their students from different vantage points throughout the
room. They can tailor the SNR to the individual student and
learning activity.
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STUDENT EDUCATIONAL ACTIVITY
SOUND MEASURES

Grade Level (5-9) Time required (55 minutes)
Effect of Distance on Intensity Calculate SNR
(Adapted from www.dangerousdecibels.org)

Obtain a sound level meter (SLM), blender or radio, tape measure.
(SLMs are available at electronics stores like Radio Shack)

Introduce the decibel chart:

» Set the SLM at 80 dB, select A weighting, Set Response to SLOW

+ Have students measure the existing “background noise” in the classroom. (Reduce the SLMs decibel
range as needed. Record the sound level in dBA and reset to 80 dBA)

+ Ask one student to whisper softly. Have nine nearby students join in
» Ask what happens to sound if you move closer or farther away adjusting the decibel range as needed

Place a blender (radio) near the edge of a table facing the classroom:
» Adjust the speed of the blender to a steady 80 dBA—this will serve as the baseline intensity and zero
distance. This is the level students will compare changes as students move around and remeasure.

» Without changing the blender speed, move the SLM at standard unit of measure (e.g., 12 in.) further
away and record the sound level in dBA (reduce the SLM decibel range as needed).

» Continue moving the SLM further away in 12 in. increments and record the sound levels (in dBA) until
the decibel levels fall below the 50 dBA SLM limit.

» Graph the values with distance as the independent variable (x-axis) and sound level as the dependent
variable (y-axis).

» Repeat using the C-weighting scale if you have time.

- Advanced students can measure at each location with blender on and off to determine the SNR for
various locations and conditions (teacher moving around, different activities occurring simultaneously).

» Have students develop recommendations for the best methods to help everyone hear and understand
in the classroom.

REVERBERATION

Reverberation (or echo) is the persistence of sound
in a room after the source of the sound has stopped.
The direct sound continues to bounce off floors, ceil-
ings, and walls, resulting in indirect sound waves.
Reverberation time (RT) is the time required for a sound
to decrease (decay) to 60 dB from the original onset
level. RT depends on room volume (size), shape, and
surface area of materials in the room and absorption
capabilities of room materials.

Figure 5.23 (Geri Corona)

Long RTs introduce more noise and
blend successive speech syllables
together into continuous sound. The
effect of reverberation on speech
intelligibility is illustrated above.
While the top frame is clear and
crisp, the bottom frame is “blurred,’
just as sound is “blurred” by long RTs.
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You can hear sound reflections or reverberation by clapping your hands in a large,
empty cafeteria, or gymnasium. Without sound-absorptive materials, sound continues to
bounce off walls, windows, ceilings, furniture, and floors creating longer RTs or echoes
(Figure 5.24). Room reverberation adds to the overall noise level of the room since the
sound energy from reflections combines with original sounds.

Long RTs make one’s voice sound bet-
ter when singing in the shower. However,
they also make speech harder to under-
stand and degrade the quality of speech
(Figure 5.23).

Auditorium and Room Acoustics

Dirgey SoUnd First Reflection

Figure 5.24 (Central Michigan University)

Sound pathways of direct sound and reflected sound
bouncing off walls, ceilings, and floors before reaching
the listener.

Most schoolchildren need listening environ-
ments with RTs under 0.6 s, yet classroom RTs
range from 0.4 to 1.2 s (Knecht et al., 2002).
The combination of long RTs and background
noise (low SNR) further degrades communica-
tion, especially for children (Crandell and Bess,
1986).

Figure 5.25 (Kurt Holter Photography,

Reduce reverberation by facing
students when talking.

Sound

Improve classroom SNR and
decrease the effects of reverberation
by decreasing distances between
speakers and listeners.

Advice

Frederick, MD)

Reverberation is particularly difficult for children to
overcome, as they are inexperienced and inefficient
listeners. They are still learning to listen and
discriminate small units of speech (phonemes).
Many of these small units of speech are not very
loud. In fact, they are often very soft and easily
masked by classroom noise and reverberation.

EARS AND HEARING

The process of hearing involves a remarkable series of events as the ear converts the frequency
and intensity of sound energy into electrical signals that it transmits to the brain. This enables the
brain to hear, recognize, discriminate, and interpret sounds. Our ears simultaneously listen to the
sounds of life as music plays, voices laugh, alarms blast, computers hum, floors creak, babies
cry, pots clang, birds chirp, automobiles race, wind blows, insects buzz, and dogs bark.
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Ears never go “off duty.” They operate continually, even during sleep. Furthermore, the
sense of hearing has the advantage of spanning in all directions around a listener because
sound (unlike light) is relatively free to travel around objects (obstructions do not totally
block sound waves).

ANATOMY OF THE EAR AND “HOW IT WORKS”

See interactive ear anatomy of the outer, middle, and inner ear sections at:
“Let’s Hear it for the EAR” www.kidshealth.org/kid/body/ear_noSW.html or
Virtual Tour of the Ear: www.augie.edu/perry/ear/ar.htm

. Semicircular Canals
Stirrup (stapes)

Anvil (incus)

Hammer (malleus) /
Pinna
\ External auditory canal 1\
Cochlea
Eardrum &Eustachian Tube
(tympanic membrane)
Lobe

Figure 5.26 Anatomy of the ear. (Adapted by Nancy Vause
from US Army Center for Health Promotion and Preventive
Medicine graphic.)

The outer ear is more than the pinna on the outside of your head ready to keep your glasses from falling
off! The pinna behaves like radar antennas collecting sound waves and directing them into the ear canals
outer (external) auditory canals.

The outer ear canal is a short tube that directs and funnels sound pressure waves to the eardrum.*

As the sound pressure waves reach the tympanic membrane (eardrum), they set it in motion by striking
the surface of this very thin membrane. The tympanic membrane vibrates in proportion to the intensity
and frequency of the sound. The sound vibrations move through the air-filled middle ear using the
smallest bones in the body, the ossicles.

These middle ear bones form the ossicular chain. The bones themselves are the malleus, incus, and
stapes (also called the hammer, anvil, and stirrup). The ossicles serve as a bridge and transmission
device connecting the tympanic membrane to the fluid-filled cochlea (inner ear). The Eustachian tube
keeps the middle ear at atmospheric air pressure by connecting the middle ear with the back of the
throat.t

The inner ear houses anatomy responsible for balance (semicircular canals) and hearing (cochlea).
The fluid-filled cochlea resembles a snail shape lined with about 16,500 microscopic, delicate outer
(13,000) and inner (3,500) hair cells (stereocilia). The vibration from the stapes moving in and out sets
the cochlear fluid in motion and stimulates hair cells generating electrical (neural) impulses at the auditory
nerve (VIIl Cranial Nerve), which, in turn, sends the neural signals through several processing stations
along the central auditory pathway to the brain.*

* Earwax (cerumen) is commonly found in this part of the ear. Cerumen is actually good as long as it does not block the sound transmission to the eardrum.
Cerumen traps dirt before it can reach the eardrum and repels insects from making your ear canal their home.

T A feeling of stuffiness may occur if air pressure changes, such as when ascending or descending in an aircraft. Swallowing, yawning, or even chewing gum can
open the Eustachian tube equalizing middle ear pressure with the atmospheric pressure.

* This simplified description of auditory anatomy and physiology should not minimize the complexity and sophistication of this elegant sensory system. Please
see additional references at the end of this chapter for more information.
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AUDITORY DEVELOPMENT

The following risk factors
(Table 5.4) and developmen-
tal milestones (Table 5.5) will
help caregivers and teachers
distinguish between children
who are developing hearing
normally and those who may
be at risk for hearing loss.

Figure 5.27 (Ursy Potter
Photography)

Most children possess adult
hearing sensitivity from birth.
However, they must learn how
to use their hearing sensitivities
to listen, localize sounds, and
recognize sound differences

(discriminate). They do this
by “playing” with their voices
and imitating the sounds of
parents, caregivers, and the
environment. Good listening
skills require practice.

Table 5.4 Risk Factors for Hearing Loss among Young Children?

Age

Risk Factors and What to Check

Newborns
<28 days

Identify hearing loss as early as possible. Health care professionals, assisted by
family histories, conduct testing.

Family history of hereditary childhood sensorineural hearing loss

Deformities of the head and face, including those affecting the pinna and ear canal

Birth weight less than 1500 grams (approximately 3.5 pounds)

Apgar (general health) scores of 0—4 at 1 minute or 0-6 at 5 minutes after birth

Jaundice at a serum level requiring transfusion (Hyperbilirubinemia)

In utero infections, such as cytomegalovirus, rubella, syphilis, herpes, and toxoplasmosis

Medicines that can damage hearing administered to the mother or infant (ototoxic
medications), including aminoglycosides (some antibiotics, e.g., gentamicin)

Bacterial meningitis

Mechanical ventilation lasting 5 days or longer

Findings associated with syndromes known to include sensorineural hearing loss
Any occasion when the baby is unable to breathe (asphyxia)

Fetal alcohol syndrome

Maternal diabetes

Parental radiation

Infants
<2 years

At this age, caregivers may notice symptoms of hearing loss.

Concern regarding communication or developmental delay

Fluid in the ear for 3 months or longer

Head trauma associated with loss of consciousness or skull fracture

Bacterial meningitis or other infections known to cause sensorineural hearing loss

Use of medications that may damage hearing (aminoglycoside antibiotics like gentamicin,
neomycin, streptomycin, etc.)

Findings associated with a syndrome known to include sensorineural hearing loss
Measles, encephalitis, chicken pox, influenza, and mumps

@ Adapted from the NICDC (http://www.nidcd.nih.gov/health/hearing/index.asp) retrieved 10 January 2005.
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Table 5.5 Normal Auditory and Language Developmental Milestones

Birth to 5 Months

Reacts to loud sounds

Turns head toward a sound source

Watches your face when you speak

Makes noise in response to others talking to him

Vocalizes sounds of pleasure and displeasure
(laughs, giggles, cries, or fusses)

(Nancy Vause)

6 to 11
Months

Understands “no”

Babbles (says “ba-ba-ba” or “ma-ma-ma”)
Tries to communicate by actions or gestures
Tries to repeat your sounds

12 to 17 Months

Attends to a book or toy for about 2 minutes

Follows simple directions accompanied by
gestures

Answers simple questions nonverbally
Points to objects, pictures, and family members

Says two to three words to label a person or
object (pronunciation may not be clear)

Tries to imitate simple words

(Ursy Potter Photograhy)

18 to 23 Months

Enjoys caregivers reading to them

Follows simple commands without gestures
Points to simple body parts such as mouth and nose
Understands simple verbs such as “eat” and “sleep”

Correctly pronounces most vowels and phonemes n, m, p, h, especially in the beginning of

syllables and short words

Begins to use speech sounds

Says 8 to 10 words (pronounciation may still be unclear)
Asks for common foods by name

Makes animal sounds such as “moo” or “meow”
Starting to combine words such as “more milk”

Begins to use pronouns such as “mine”

(continued)
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Table 5.5 Normal Auditory and Language Developmental Milestones (Continued)

» Knows about 50 words at 24 months
» Says around 40 words at 24 months
« Knows some spatial concepts such as “in” and “on”

« Knows pronouns such as “you,” “me,” “her”
« Knows descriptive words such as “big” and “happy”
Speech is more accurate but may still leave off ending sounds

» Strangers may not be able to understand what the child says

2 to 3 Years

« Answers simple questions

» Begins to use more pronouns such as “you,” “I’

« Speaks in two- to three-word phrases

» Uses question inflection to ask for something (e.g., “My ball?”)

» Begins to use plurals such as “shoes” or “socks” and regular past tense verbs such as “jumped”

« Groups objects such as foods, clothes, etc.
« ldentifies colors

» Uses most speech sounds but may distort some of the more difficult sounds such as |, r, s, sh,
ch, y, v, z, and th. These sounds may not be fully mastered until age 7 or 8

« Uses consonants in the beginning, middle, and ends of words. Some of the more difficult
consonants may be difficult to understand, but attempts to say them

«» Strangers are able to understand much of what the child says

” o«

« Able to describe the use of objects such as “fork,” “car,” etc.

3 to 4 Years

- Has fun with language. Enjoys poems and recognizes language absurdities such as, “Is that an
elephant on your head?”

« Expresses ideas and feelings rather than just talking about the world around him or her
« Uses verbs that end in “ing,” such as “walking,” “talking”

« Answers simple questions such as “What do you do when you are hungry?”

« Repeats sentences

« Understands spatial concepts such as “behind,” “next to,”

and “under”
» Understands complex questions

« Speech is understandable but makes mistakes pronouncing
long, difficult, or complex words such as “hippopotamus”

« Says about 200 to 300 different words
» Uses some irregular past tense verbs such as “ran” and “fell”

4 to 5 Years

» Describes how to do things such as painting a picture
» Defines words

(Ursy Potter Photography)
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Table 5.5 Normal Auditory and Language Developmental Milestones (Continued)

» Understands more than 2000 words

« Understands time sequences (what happened first, second, third, etc.)
» Carries out a series of three directions

+ Understands and uses rhyming

Engages in conversation

5 Years

» Sentences can be eight or more words in length
« Uses compound and complex sentences
» Describes objects

» Uses imagination to create stories

HEARING EVALUATIONS

Caregivers or teachers can request hearing evaluations on infants as well as older children
(Box 5.3). Some hearing evaluation techniques do not require a response or reaction (electro-
acoustic or electrophysiological). For example, infants typically lie still or sleep during hearing
screenings in the newborn nursery or well baby clinic. As a child’s motor and auditory skills mature,
the testing may involve behavioral responses to calibrated sounds in a “sound-treated room.”

Most schools employ traditional annual school screenings where children listen and
raise their hands when they hear a tone. At any stage, if responses to sound are inconsis-
tent, an audiologist should conduct a comprehensive evaluation.

Knowledge of hearing tests will help educators understand what is available and how
to explain the evaluations and their benefits to caregivers or parents. Box 5.4 shows some
methods to evaluate hearing.

BOX 5.3 WHY TEST A CHILD’S HEARING?

» Prevalence varies from one to six of every 1000 children in the United States are born with a hearing
loss that can interfere with learning speech and responding to sounds. Newborn screening can identify
most problems, but hearing testing may not identify some congenital hearing loss until later in
childhood.

» Even though a child hears from birth, children can acquire a temporary or permanent hearing loss at
any time during childhood. By identifying hearing impairment early, health care professionals can
implement effective interventions to improve communication skills, language development, and
behavioral adjustment.

+ Is newborn hearing screening a requirement? Many states do require newborn hearing screening prior
to hospital discharge. If not, parents should seek a newborn hearing screening within the first month.
A list of state requirements is available at www.asha.org.

» The Healthy Hearing 2010 objectives of the National Institute on Deafness and other Communication
Disorders (NIDCD) includes initiatives to detect hearing loss early, reduce the incidence, and treat or
rehabilitate hearing loss as soon as possible (www.nidcd.nih.gov/health/hearing/index.asp).

Research indicates that hearing aids can help 80%—90% of all hearing losses that cannot be treated
with medicine or surgery.

» Parent concern is sufficient to prompt a visit to an audiologist as parents initially suspect a hearing
problem with 70% of children with hearing loss.

Do not delay—get your annual hearing check up today!

Do not accept advice that a child is too young for a hearing test.
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Hearing care professionals do not usually use
percentages when describing hearing impairments
(e.g., 50% hearing loss). Instead, they describe
audiometric results by the degree of hearing loss
and by the shape of the audiogram (configuration).
Audiograms portray the shape and range of
frequencies of a person’s ability to hear the softest
sounds. Considering the shape of an audiogram
together with the person’s degree of hearing loss
helps us understand how the hearing impairment
affects their functioning.
The zero point on the intensity scale shown in
Figure 5.28 corresponds to normal hearing.*
The smaller the intensity decibel (dB) value, the
more sensitive a persons hearing. Audiologists measure
the value for each individual frequency for each ear.
Figure 5.28 (Geri Corona)
A normal audiogram.

HEARING IMPAIRMENTS

A hearing impairment can occur from a number of conditions. These include obstruction,
disease, or injury in any part of the auditory pathway disrupting sound transmission.

We characterize hearing disorders by

. the type of hearing loss (where the problem occurs in the auditory system), and
. the degree of the impairment (extent of problem compared to normal function).

Children may not tell us that they are having difficulty in hearing. Instead, they may initially
complain of a feeling of “stuffiness,” a hollow-sounding voice, ringing or buzzing (tinnitus)
in the ear, having difficulty localizing sounds or state that others are “mumbling.” Parents
or teachers may notice hearing impairments through inattentive behavior or speech or lan-
guage delays, before a child realizes s/he is not hearing well.

Medical or surgical intervention can usually resolve problems in the outer and middle
ear. However, damage to the inner ear (cochlear) or auditory nerve usually will result in
permanent sensorineural hearing loss.

* The audiogram decibel scale calibrates zero corresponding to the lowest level detected by normal listeners for each frequency. The graph distinguishes the
sound level meter dB SPL values by referring to the audiogram intensity values as hearing level or dB HL. Some children hear intensity levels better than average.
Negative dB HL values indicate hearing sensitivity more acute than the lowest detected sound by average normal listeners.
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TYPES AND CAUSES OF HEARING LOSS (ETIOLOGY)
There are two basic types of hearing impairments:

1. Disorders that reduce sensitivity to sound (conductive, sensorineural, and mixed
hearing loss)
This is the more common of the two. Listeners require increased intensity levels
(louder sounds) to perceive sounds.
2. Disorders of the auditory nervous system (retrocochlear, central auditory processing)
This may or may not include a loss of sensitivity. In some cases, children may
not hear or process sounds appropriately even though the sounds are loud
enough to detect.

DISORDERS REDUCING SENSITIVITY TO SOUND

Conductive Hearing Loss A conductive hearing loss occurs when an outer or middle
ear condition or obstruction keeps sound from reaching a normally functioning inner ear
(Box 5.5). Most conductive disorders are mild-to-moderate in degree, temporary, and
treatable, but may require preferential seating until hearing returns to normal sensitivities.

You can simulate a conductive hearing loss by turning a radio on to a soft but comfortable
volume and inserting earplugs. The reduced and “muffled” sound similar to what someone
with a conductive hearing loss would hear. If you turn up the volume, you can hear more
clearly.

133



Ergonomics for Children: Designing products and places for toddlers to teens

(2002 ‘esipeied) ualjisal A1ana ate uaip|iyo Ajjelausb Inq (8661 ‘Yoels) sAejap [euoneonpaoydAsd
1o ‘ebenbue) ‘sieplosip Buissesoid Aloypne [enuad Buidojaasp Jo Ysu 1e pliyo ayy 8oe|d ued
wswdojonap Aoupne Joy pouad [eonud ayi Buunp sindui Aloypne 1dnisip 1eyi NO 21Uoayd Jo Buinoay

g aJe Aay) 81048 SINOQ XIS SBY P|IY0 8y} 10 Jesh | aiojeq SINd220 NO
JI ,8uoid, s p|iyo v ‘pouad Yyluow 9 e Ul INd20 Seposide 810w 10 88y} JI JUSLINDBI PaIaPISU0D SI NO

SyeaMm g 0] SAep gz Wolj Sise| 81noegns “wisiueyodsw
Jea ajppiw ay1 0] sbewep jusuewlad Ul }nsal UBD pue syeam g puoheq sisisiad |NO dlUCIyD

sAep | g ueyl Jama} Bunse| 1noq ajbuis e se paulep saposids ainoe NO Sezusioeteyd uoieinp ay |
wswdojanap abenbue| uaxods Jepuly Aew sso| Buueay siyp ‘uaipiyo BunoA Aian uj

Bunesas wooisse[o
[enualayaid JBPISUOD PINOYS SIayoes} pue JNd20 Ued sso| Buuesy e ‘Juswarow auoq Jes a|ppiw
pue suonelqin (wnipJes) sueiquiaw diuedwA} sepadull pue Jes s|ppiw 8y} Ul Surewal pinjy Usypa

ayouws apa.lebio 0} pasodxe Ajaaissed asouyy
pue ‘siejuad aled-Aep puayne ‘sallod Jauul Ul 9Al oym ualp|iyo ‘suoneindod aAieu ‘ewolpuis s,umo(q
1o sanjewsouge [eloejoluelO ‘@yejed UB[0 YIM UBIP|IYD SpNjouUl 9S8y} S 1B 810w aJe UdJp|Iyd sawos

ueloisAyd e 0] SHSIA 89213J0 10} UOSBal ay) Se $H299Yd Ageg-|[@m 0} AJuO puooas ale Suolodul Je]
sieah 9 Aq uonosjul JBd |NO BUO ISEd| 1B 8ARBY ||IM UBIP[IYD ||E JO %G6—%9/ 81edipul sejewisg

uonounysAp
agn} uelyoB}SN3 0} 8np U0 SI PUR UBIP|IYD Ul SSO| Bulieay aAI}ONpUOD JO 8SNBI UOWWOD }SOW 8y} SI 1

Jea a|ppiw 8y} Buiosye suonipuod jo Alslen e saquosap (INO) Bipaw SO

(uonoayul Jes
9|PpPIW JO UOISNd Jed J|ppiw)
elpsw sipio

aAI}ONpUO)

uonduosaqg

A6ojong

adA]

SSO71 ONIHdVIH JAILONANOD 40 S3ISNVI

§'G X089

134



1ce€

for children: Sound advi

ing ergonomics

Hear

"SeoUBJalel BY) Ul 8|ge|eAR sI salfojons ssoj Bulesy Jo Buns| aAlsusyaIdwod siow Yy

agn1 uelyoeisng eyl Jo sebexo0iq Jeyio pue ‘uoisebuod ‘sebueyo spniife Yim Sindoo ewneljoleg

ewneJ [eaisAyd ul ynsal osje
ued Apoq 8y} apisino ainssald ousydsouwie ay) pue Jes Jauul 8y} Ul ainssaid Jie [enbaun ‘sewnesjoieg

auelquiaw
oluedwAy ayy Jo ainydni 1o (SBu0q Jed 8|ppIw) uleyd Jejndisso ay) aleledas ued ewnel) [eaisAyd

ewnel) [edisAyd

Jayream piwny ‘yoy Buunp Bulwwims
1o Buiyieq Jaye sind20 1Byl Uuoioslul [eusloeq njuied e B3 S,JoWwWIMS SI UOIIPUOD UOWWIOD 8uQ

sso| Buuesy Aresodws) e ul Bunnsas ‘Inys
[eued Jes 8yl ||oms ABW SIY] "Jee [eulsIX8 8] JO uolewWE|jul 8sned ued snbuny B 1o ‘SnUIA e ‘elisioeg

BuJIa)Xd SIN0

wnipJes ay} ainyound uane (Adesp
00] payasul JI) Jo [eued ay} ojul Jadsesp xem ay} ysnd Aew sy :xem anowal 0y sdij-p) asn JensN

winipies ay) Buiyuls woiy seAem punos Buiyoolq ‘Bnjdies ue sy 10B pue [eued Jes 8y} ul Yoed ued Xep

(uswniad) xem

108dxe sianIBaled uey) usyo aiow Siyl op uaip|iyD “(wnipies) sueiquaw oluedwAl
ay1 a1nidnu 1o punos x20|q ued (POoJ J0 ‘sy00. ‘sueaq ‘speaq “6°8) sies sy ul paoed s1o8lgo |jews

sjoalqo ubiaio4

aAI}ONpUO)

135



Ergonomics for Children: Designing products and places for toddlers to teens

Sensorineural Hearing Loss A sensorineural hearing loss occurs when some
condition, injury, or damage stops the intricate cochlea (inner ear) from “translating” middle
ear sound energy into a representative neural impulse in the auditory nerve. The cochlea
is a fluid-filled intricate sensory system. Neural impulses will not transmit correctly if there
is damage or destruction of the tiny rows of hair cells. The loss is usually irreversible and
permanent. About 30% of hearing impaired children also have an additional disability (Wolff
and Harkins, 1986). Unfortunately, the Department of Education does not report data by
disability for children birth to 5 years of age.

Sensorineural hearing loss can be caused by a variety of congenital or acquired conditions
include: syndromes and inherited disorders (e.g., Alport, Pendred, Usher syndromes); infec-
tions (e.g., rubella, syphilis, HIV, meningitis, mumps); ototoxic medications; some antibiotics
(e.g., gentamicin); autoimmune disease; aging (presbycusis); and noise exposure.

Other than aging, noise is the most common cause of ear injury resulting in sensorineural
hearing loss.

Ear injury usually occurs after chronic long-term Ri : " .

. ) isk of inner ear injury or acoustic
exposures to toxic noise, but damage can also | trauma is generally determined by:
pccur_lmmed|ately from a_smgle exposure to high | | Low loud: intensity of sound.
intensity impulse. Acoustic trauma can damage The louder the more hazardous.
eardrums and middle ear ossicles in addition to |, yow long: duration of sound exposure.
delicate inner ear hair cells. Either way, the result The longer the more hazardous.
is ear injury resulting in NIHL. Since the ear injury
often occurs gradually and without blood or pain,
children are often unaware of the damage.

Frequency and temporal
noise variables also influence
risk, that is, higher frequency is
more dangerous and impulse
noise is more hazardous.

The complexity of sensorineural
hearing losses is greater than con-
ductive hearing losses because
the cochlea influences the entire
range of sounds. If the inner ear
hair cells lose sensitivity, their
ability to “fine tune” results in a
frequency blurring or distortion.

A person with a conductive
hearing loss can overcome

the loss by increasing sound Figure 5.29 (Ursy Potter Photography)
loudness. U nfortunately, the Even sounds we enjoy can injure our ears and destroy hearing. Some

solutionisnotassimpleforthose ~ Suggestions to protect your hearing:
with permanent sensorineural » Check how loud and long you can listen to sounds or music you like

. to hear
hearing loss.

 Crank it down
« Give your ears a 10 minute break every hour
 Consider musician’s earplugs
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Sensorineural hearing loss damages the ear’s ability to transmit an exact replica of
sounds to the brain. This impairs a child’s ability to detect the individual frequency com-
ponents of a sound and distorts their ability to understand speech. A child may “hear” but
not understand the speech, particularly in noisy environments. Depending on the degree
of impairment, teachers and family members may accuse these children of “not paying
attention or listening.”

If a child has a sloping high-frequency hearing loss, they will be able to hear most
vowel energy and rhythm of speech but may have difficulty in understanding or listening
consistently. This is because many of the sounds that distinguish one word from the next
are found in the mid to higher frequencies.

Children with sensorineural hearing loss benefit particularly from good classroom
acoustics, preferential classroom seating, and regular audiometric evaluations. They
may require auditory rehabilitation such as amplification, FM systems, etc. As technology
continues to improve, children with severe or profound sensorineural hearing loss are often
candidates for cochlear implants* if they do not benefit from conventional amplification.
Optimized classroom acoustics is a critical ergonomic issue for all children but particularly
for children using amplification (hearing aids).

You can simulate sensorineural hearing loss by turning the radio to a soft level, inserting
earplugs, and tuning in slightly off station. This causes you to hear the music or speech,
but it is muffled and unclear. Increasing the volume makes it louder, but not necessarily
any easier to understand. Without fine-tuning, the result is louder static.

Children (and adults) with sensorineural hearing loss often do not recognize the extent
of their loss of hearing; they may need encouragement to evaluate, treat, or rehabilitate
their hearing. While, protecting precious hearing is the priority, if a child (or adult) experi-
ences a sensorineural hearing loss, amplification technology (hearing aid) can usually help
improve detection and communication abilities.’

Mixed hearing loss A child with mixed hearing loss possesses both conductive and
sensorineural components. It is a combination of factors affecting both the middle ear and
the inner ear (cochlea).

DISORDERS OF THE AUDITORY NERVOUS SYSTEM: AUDITORY PROCESSING
DISORDERS: Children with Auditory Processing Disorders (APD) are particularly at “high
risk” if they are younger than 13 year old. Auditory processing is what the brain does with
the sounds the ears hear (Figure 5.30 and Figure 5.31).

Another (synonymous) term used is Central Auditory Processing Disorder (CAPD)
(ASHA, 1996). CAPD is different from Attention Deficit Hyperactivity Disorder (ADHD).
Some experts consider ADHD an output problem with a child unable to control behaviors
whereas APD interferes in the input of auditory information (Chermak et al., 1999). Studies
estimate APD affects between 2% and 3% of children with twice as many boys experienc-
ing APD than girls (Chermak and Musiek, 1997).

* Cochlear implants are different from conventional hearing aids. Rather than amplifying the sound, this device is implanted and bypasses the outer and
middle ear delivering signals directly to the auditory nerve.

T If a person experiences a sensorineural hearing loss, studies show 80%-90% can benefit from amplification (hearing aids). Technology continues to
advance. Even though the intricate abilities, performance, and perception of the human ear are complex and difficult to replicate, consult your audiolo-
gist for specific hearing care options. Technology information and local audiologist referrals are available at www.audiologyawareness.com, by calling
888-833-EARS (3277), or by referring to Resources in Appendix C.
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Figure 5.30 (Kurt Holter Photography, Figure 5.31 (Kurt Holter Photography, Frederick, MD)
Frederick, MD)

A child with an auditory processing disorder (APD) often will behave like a child with a hearing loss, but in reality
the child possesses normal hearing sensitivity for sound.

One way to differentiate hearing loss from APD is that hearing is “ear-based,” while listening is “brain-based”
A child with an APD needs a tailored intervention strategy or individual education plan (IEP) that focuses on
improving listening and learning skills, providing strategies to address environmental challenges and remediation.
They will probably need preferential seating and individual attention to be certain they hear and understand what
they are to do for their classwork and homework.

Florida Department of Education has an excellent list of intervention strategies to assist teachers and parents,
available at www.firn.edu/doe/bin00014/pdf/y2001-9.pdf.

APD canresult from head trauma, brain tumors, neurologic, or vascular changes. There alsois
some concern that APD is hereditary, although many professionals also believe a cause is incon-
sistent or poor auditory input during the critical period of auditory perceptual development.

Even though their intelligence and hearing sensitivity are normal, children with APD have
difficulty attending to, discriminating, recognizing, or understanding auditory information. Although
APD children are capable of hearing faint sounds, they exhibit poor listening, memory, spelling,
reading or phonic skills, distractibility, short attention span, impulsiveness, and disorganization.

They also have difficulty understanding speech (particularly in groups and noisy
environments), localizing sounds, separating dichotic stimuli, processing normal and
altered temporal cues, and understanding speech with reduced redundancy. They may
find it difficult to follow directions and exhibit a discrepancy between their intelligence
scores (1Q) and verbal skills. Children can possess APD in isolation or along with attention
deficit disorders, learning disabilities, and language disorders.

Each child is different. Therefore, a multidisciplinary team (e.g., audiologist, speech patholo-
gist, psychologist, learning disability specialists, social worker, regular classroom teacher, and
parent) will develop intervention strategies to meet the specific needs of the individual child.

The classroom-learning environment is a critical part of the management of APD since
noise and reverberation exacerbate
the disorder. In fact, some studies

suggest these children require an SREFERENTIAL SEATING
SNR ranging from +12 to +20. Each Sound INSTRUCTIONS

child’s tailored plan should include Advice PREVIEW, REVIEW AND SUMMARIZE
accommodation strategies (e.g., note TIME

takers, study guides) or modifications CLASEEESXADQ/%%F;@J IONS
of the leamning process (reduced ORGANIZATION

language or repetition of concepts).

AREAS OF INTERVENTION
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Section B: Prevention

TOXIC NOISE AND ACOUSTIC TRAUMA

The incidence of NIHL in children is increasing at almost epidemic proportions.
Approximately 97% of all third graders experience noise hazards (Blair et al., 1996). Even
sound we may not consider “too loud” can have negative effects. Studies link noise levels
(less than 75 dBA) to nonauditory effects such as changes in arousal, sleep patterns,
blood chemistry, cardiovascular impacts, and effects on a fetus.”

CONTINUOUS NOISE

Again, the risk of NIHL depends upon the intensity (loudness), duration (time), frequency, and
nature of the noise. Continuous toxic noise exposure can damage hearing gradually over time.

Since the loudness of noise frequently varies over time, professionals use noise-sampling
equipment (dosimeters) to calculate the average exposure over a day. The National Institute
of Occupational Safety and Health (NIOSH) recommends adults limit noise exposure to an
average of 85 dBA for an 8 hour workday.T A child’s routine day (bus, band, sports, and
shop) is noisier than a routine day for most adults (Clark, 1994; WHO, 1997).

There are no comparable standards for children. Application of adult guidelines to
children is worrisome, especially in light of the smaller sized anatomical features and
developing physiology.

Without guidelines for children, it may be best to use NIOSH’s most conservative average
exposure level of 80 dBA for an 8 hour day. This is considered a “safe limit” for most adults.

We do not know the long-term cumulative impact of childhood noise exposure to a
“child’s lifetime noise dose” as they mature into adulthood.* However, we do know that the
louder the noise, the less exposure time is safer for children. For example, exposure time
is halved for every 3 dBSPL increase in intensity. This is because sound is energy; we cal-
culate it by its logarithmic (exponential) progression. This means that a 10 dBSPL increase
does not simply add 10 to the previous level. It multiplies the previous level by 10.

If a child listens to an MP3 player for 8 hours at 80 dBA (100% noise dose) for one day
and increases to 83 dBA the next day, he should limit his listening time during the second
day to 4 hours (decrease time by V2 for every 3 dB increase). A 4 hour exposure at 83 dBA
delivers the same energy to the ear as listening to an 80 dBA noise for 8 hours (Table 5.7).

* Read more about nonauditory effects in Jones and Broadbent (1998); Jansen (1998); Bronzaft (1997); Evans et al. (1995); Cohen et al. (1980); Gerhardt et al.
(1999).

" The Occupational Safety and Health Act (OSHA) 29 CFR 1910.95 monitors safety and health in industry. Some industries are not covered by OSHA (mining,
farming, and construction); mining is monitored by the Mine Safety and Health Administration (MSHA). NIOSH (Department of Health and Human Services)
conducts research and makes recommendations to OSHA. They recommend 85 dBA as the criteria for safe occupational exposures. Yet, some individuals are
more susceptible than others and it is possible to experience hearing loss even after following the recommended guidelines.

¥ A noise “dose” combines time with loudness.
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Unfortunately, many MP3 players deliver toxic noise to children’s ears sometimes exceeding
130 dB peak pressures. Researchers at Boston Children’s Hospital recommended
“Cranking it Down” to 60% of the potential volume to achieve a relatively safe listening level

for 1 hour following NIOSH’s adult standards (Fligor and Fox, 2004).

Table 5.8 lists some examples of the sound energy range of our ears. A few added

decibels dramatically increase the amount of sound energy (Figure 5.32).

Table 5.7 Intensity—Time Tradeoff: Examples of “Noise Dose” using NIOSH Guidelines

Intensity Level

Exposure Duration
(Continuous Noise)

Noise Dose for Children

92 dBA (+3 more dB)

30 minutes (reduced time 12) 100%

Louder (more dBA) Longer (more time) More noise dose
74 dBA 8 hours 25%
77 dBA 8 hours 50%
80 dBA 8 hours 100%
83 dBA (+3 dB) 8 hours (same time) 200% (dangerous noise dose)
83 dBA (+3 dB) 4 hours (reduced time 12) 100%
86 dBA (+3 more dB) 2 hours (reduced time 12) 100%
89 dBA (+3 more dB) 1 hours (reduced time %) 100%
(

Table 5.8 Common Sounds and Examples of Intensity—Pressure Relationships

Common Sources of

Sound Intensity Change in Pressure dB from Baseline

Threshold of hearing 0 dBA

Whisper 35 dBA Baseline
Quiet classroom 45 dBA =35 dBA x 10 (+10 dB)
Conversation 55 dBA =35 dBA x 100 (+20 dB)
City traffic noise 65 dBA =35 dBA x 1000 (+30 dB)
Cafeteria 75 dBA =35 dBA x 10,000 (+40 dB)
Hair dryer 85 dBA =35 dBA x 100,000 (+50 dB)
Motorcycle or lawn 95dBA | =35 dBA x 1,000,000 (+60 dB)
Band concert 105 dBA =35 dBA x 10,000,000 (+70 dB)
Monster truck rally 115 dBA =35 dBA x 100,000,000 (+80 dB)
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Figure 5.32 (Valerie Rice)

How to tell if you are in
toxic noise (without a
sound level meter)
Sound - Place a friend at arm’s length

oo 1Y/ [T 3 - If you must yell so your
friend can hear you talk,

- You are in the toxic noise

danger zone

- Tumn it down... Walk away...

Noise levels during aerobic glasses, sporting events, monster tr.uck - Protect your ears
rallies, or from auto factory-installed sound systems (such asin a

vehicle) of 115 dBA have 100 million times more sound energy than

35 dBA. They are capable of causing 10 million times more damage
to hearing. Experts agree any exposure to continuous noise above
129 dBA (even for less than a second) is hazardous (AAA, 2003).

IMPULSE NOISE

Impulse noise can cause immedi-
ate and permanent damage to
our hearing. The adult limit for
impulse noise exposure is 140
dBP (NIOSH, 1998).

While most childhood noise haz-
ards do not reach this intensity, there
are some exceptions (Figure 5.33).
Some toy noises measure over 110
dBA and cap guns are 138 dBP
(Nadler, 1997a,b). A recent sur-
vey of eighth graders revealed 17%
participate in recreational shooting
(Watkins, 2004).

Figure 5.33 (Geri Corona)
Common sources of noise and their intensity levels, along with
permitted exposures.

Sound

Advice

Limit noise hazard exposure to:

- 80 dBA continuous noise
- 140 dBP impulse noise
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RECOGNIZING NOISE-INDUCED HEARING LOSS (NIHL)

Typically, hearing loss due to noise expo-

sure occurs first at the higher frequen- If you think you have a hearing loss—
cies, particularly around the 4000 Hz level you are probably right
(3000—6000 Hz), where a child might not If you think no one has noticed
immediately notice the effects. you are probably wrong®.

In fact, a child may have difficulty
understanding speech, complain of noises Don't delay—Get your hearing
or ringing in the ears (tinnitus), turn the tested by your audiologist TODAY!

volume up on the radio or TV, have difficulty el el e 6 T

locating sounds, andl hever re?"ze the Audiology Awareness Campaign Foundation
reason for these behaviors is hearing loss. www.audiologyawareness.com

Something caught the attention of the child and distant man, but the man on the
right did not seem to notice.

Children (or adults) who lose the ability to hear high-pitched harmonic
differences have difficulty distinguishing between sounds, especially in the
high-frequency components of sounds like h, f, and s. The words hit, fit, and sit may
sound the same to a person with high-frequency hearing loss.

They can hear some frequencies with no problem; yet not being able to hear
all frequencies makes it difficult to understand speech.

Teachers and friends may think they are not listening. The children themselves
may think others are “mumbling”

Figure 5.34 (Kurt Holter
Photography, Frederick, MD)

Sometimes, toxic noise exposure will cause a Temporary Threshold Shift (TTS). This
is when a child cannot hear as well after exposure to noise. Typically, hearing recovers
after auditory rest. However, when the injury exceeds the ear’s ability to recover, hearing
thresholds no longer improve and a Permanent Threshold Shift (PTS) results.

Traditional school screening programs only detect when hearing is outside the “normal
range” limits. Typically, the testing is not sensitive to small but significant changes in hearing
sensitivity below 25 dB HL that could serve as early warning indicators of a hearing loss.

A progressive School Hearing Assessment Program (SHAP) should test children’s
hearing thresholds at targeted grades and institute hearing health education at all grade
levels. School-based programs are shown later in this chapter.

Unfortunately, permanent damage to the inner ear hair cells can occur long before a
pure tone audiometric test can detect any change in hearing, even using a threshold test
procedures. Fortunately, the Otoacoustic Emissions (OAE) test can often detect inner ear
damage immediately even before the pure tone hearing thresholds decline. Some schools
and employers use OAE technology to detect NIHL.”

*  Hearing evaluations section contains additional information on hearing tests.

142



Hearing ergonomics for children: Sound advice

Protected ears are WISE EARS®
...and wise ears last a lifetime

Sound www.nidcd.nih.gov/health/wise/
Advice - Turn it down

- Walk away

- Protect your ears

www.dangerousdecibels.org

CLASSROOM NOISE

Toxic noise destroys hearing, however noise in the classroom even .

at “safe” levels creates an ergonomic mismatch for everyone. Noise degrades
performance

EFFECT ON TEACHERS

It is difficult to teach in noisy classrooms. Teachers often compensate for background
noise by raising their voices risking strained vocal cords.* Teachers report voice strain and
fatigue and missed work due to voice problems (Smith et al., 1998).

Noise affects adults’ ability to perform these tasks (Kryter, 1994; Belojevic et al.,
1992):

. Concentration, learning, or analytic processing

« Speaking and listening

« Fine muscular movements

. Simultaneous tasks

. Continuous performance

« Prolonged vigilance

. Performance of any task involving auditory signals
. Paying attention to multiple channels

It is reasonable to assume noise affects children in similar ways.

EFFECT ON CHILDREN

Even though a child is born with the ability to hear, children must learn how to listen. To learn
basic phonemic awareness' skills requires children must learn to listen (Johnson, 2000;
Flexer, 1999).* Children’s auditory listening skills continue developing until adolescence
(Figure 5.35 and Figure 5.36).

* This automatic raising of one’s voice is known as the Lombard Effect (Lane and Tranel, 1971).

" Phonemes are small units of speech that correspond to letters of an alphabetic writing system. The awareness that language is composed of these small sounds
is phonemic awareness.

¥ This may be due to their lack of verbal experience and the fact that children’s brains do not fully develop until approximately age 15. A phoneme is the smallest
contrastive unit in the sound system of a language or the smallest unit of speech.
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Figure 5.35 (Kurt Holter Photography, Frederick, MD) Figure 5.36 (Reprinted with
permission from ASA)

In order to learn to listen, children need optimized classroom acoustics. This means reducing the

effects of noise and reverberation, so there is less background noise. As the child matures, their ability

to listen more efficiently continues to improve though early childhood.

Children do not reach adult performance until they become teenagers. Figure 5.36 shows mean
improvement in Hearing-in-Noise-Test thresholds as a function of age for groups of normally
developing children. Average adult thresholds are shown as a filled square. (Adapted from Soli, S.D.
and Sullivan, J.A., J. Acoustical Soc. Am., 101, S3070, 1997.)

Children’s auditory abilities differ from adults’ (Werner and Boike, 2001; Johnson, 2000;
Litovsky, 1997). Adults can distinguish speech when the noise is louder (SNR = —4), whereas
young children in the same room would experience great difficulty understanding the same
conversation. Children with English as a Second Language (ESL) and children with hearing
loss would experience even greater difficulties. Because of these differences, adults may not
recognize a poor listening environment for children when they hear it.

Phonemic awareness eludes about 25% of middle-class first graders and an even
greater portion of children from lower socioeconomic backgrounds. Such differences are
largely a result of children’s exposure to speech patterns. The importance of an optimized
classroom listening environment is critical since children without phonemic awareness find
it difficult to learn to read and write (Adam et al., 1990).

Children who cannot hear well (audibility) have difficulty doing their “work” of listening
accurately (Figure 5.37). Lacking adults’ extensive “language library,” children often cannot
“fill in the blanks” when hearing new words and patrtial phrases.

Noise has a particularly negative effect for 10- to 11-year-old children with ESL (Figure
5.38). Children with English as their primary language correctly identified speech in the
presence of higher noise levels than children with ESL.
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Effects of Audibility on Children’s
Understanding of Words
100
90
80
70
60
50
40
30
20
10

5-year-olds
7-year-olds
Adults

0.2 0.4 0.6

Audibility Index

The percent of words correctly repeated as shown for 5-
year-olds, 7-year olds, and adults. Test conditions
ranged from low audibility, Al=0.2, to high audibility,
Al=0.8 (adapted from Steimachowicz et al. 2000).

0.8

Figure 5.37 (Reprinted with permission from ASA)

Given that children have difficulty hearing

and understanding speech in noisy environ-
ments, it follows that their academic perfor-
mance also suffers. Children’s academic
scores have dropped due to train or traf-
fic noise (Lucas et al., 1981) (Figure 5.39).
Reading scores also tend to be lower for
children in noisy classrooms compared with
quiet ones (Bronzaft and McCarthy, 1975)
(Figure 5.40).”

Effects of Inexperience With
English Language

2
2 1 <& English Primary
(4 (Age=11.1 years)
1]
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- 4 ] ] (Age=10.8 years)
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=
£ -2
o
2 -3
]
e
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=
-
Z -5
I

0123 456 7 8 9101112
Grade Equivalent Vocabulary Score
Individual Hearing-in-Noise-Test (HINT)
thresholds are shown as a function of grade
equivalent vocabulary scores for children who
were speakers of English as their primary

language or speakers of English as their
secondary language.

Figure 5.38 (Reprinted with permission from ASA)

Effect of Traffic Noise on Achievement Scores

\ M 6" Grade Students

|
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O = NWHOUION®©

35 45 55 65

Noise Levels dBC

75

Figure 5.39 This graphic shows achievement
scores as a function of increasing noise levels for
third and sixth graders. Third-grade students in quiet
classrooms scored one grade level higher than third
graders in noisy classrooms.

The differences were even more dramatic for
the sixth graders. These older children have more
language experience and listening experience.
However, quiet classroom sixth graders scored three
grade equivalent levels higher than sixth graders in
noisy classrooms. (Adapted from Lucas, J.S., Dupree,
R.D., and Swing, J.W., Learn. Mem. Cogn., 20(6),
1396, 1981.)

* For areview of the effects of noise on children at school, see Shield and Dockrell (2003a,b). For more information on hearing, noise-induced hearing loss,and
classroom acoustics, see Heller (2003). For information on children with sensitivities to sound and other senses, see Kranowitz (1998) and Fischer et al. (1991).
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Classroom acoustics is a critical
“teacher tool” that can hinder or
enhance learning.” Children cannot
read in the dark, we should not expect
them to hear in the “dark” (i.e., in a
noisy environment).

Effect of Classroom Noise on Reading

B Quiet Classroom

@ Noisy Classroom

Grade Equivalent Reading Scores
-

Grade Level

Figure 5.40 (Geri Corona)
This figure shows reading grade equivalent scores for children
in quiet and noisy classrooms (Grades 2-6).

Students learning in noisy classrooms scored approximately
one grade level lower than their quiet classroom peers in all
grade levels. (Adapted from Bronzaft and McCarthy, 1975.)

Special needs students are especially susceptible to educational difficulties when
acoustics are poor.*

Students with special needs that are particularly
vulnerable include those with*:

» Hearing loss with or without amplification

+ Learning disabilities

« Developmental delay

« English as a second language

« Under age 15 with immature speech and language

« Fluctuating conductive hearing impairments (e.g.,
otitis media)

« Unilateral hearing impairments

« Central auditory processing disorders
« Chronic illness

- Emotional difficulties

« Behavior difficulties

« Cochlear implants

« Cognitive disorders

« Articulation disorders

« Sensory integrative disorders

* Other factors may interact with noise as well, and influence academic performance (Shield and Dockrell, 2003a,b).

T The need for good acoustics in all classrooms is important because the American’s with Disabilities Act and the UK Disability Discrimination Act encourage
mainstream education for special needs children as possible.

¥ See for example Heller (2003); Nelson et al. (2002); Cunningham et al. (2001); Erikis-Brophy and Ayukawa (2000); Crandell and Scalding (1995); Gelnett
et al. (1994); Schappert (1992); Flexer et al. (1990); and Ross (1990).
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Techniques for improving acoustics in

a classroom include facing the children,
moving closer to the children, and puting
yourself on their level. This preschool
teacher has her children sitting on the
floor around her.

Notice how she faces them while
pointing out and talking about photos,
rather than looking at the book herself.

In the traditional classroom on the right,
the teacher moved her desk so close to her ~ Figure 5.41
students that it touches their desks.

These techniques benefit all children
but are especially effective for those
children with difficulties in hearing,
listening, or following directions. Also,
give those children preferential seating by
placing them directly in front of your desk.

Figure 5.42

(Ursy Potter Photography)

(Valerie Rice)

Use preferential seating.

When speaking, face children with
hearing, listening, or following
directions difficulties.

Design classroom activities to
reduce distances betweet talkers

and listeners.
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CLASSROOM ACOUSTICS STANDARDS

Children need to hear clearly in class so they can develop academically and socially (Evans
and Maxwell, 1997). Two scientists recognized the need for good classroom acoustics
over a half century ago.

The school was established to promote learning, which is acquired largely by word of mouth and
listening. Therefore, acoustics is one of the most important physical properties that determine
how well the school building can serve its primary function. Thus, the exclusion of noise and
the reduction of reverberation are indispensable in adapting classrooms to the function of oral
instruction.

(Knudsen and Harris, 1950)

Over 50 years later, many schools are still struggling to resolve the noisy classroom
problem (Figure 5.43 and Figure 5.44). Yet, the cost of incorporating good acous-
tics from the beginning in new construction is miniscule and its benefits are priceless
(Lubman, 2004).

Prior to approval of the first comprehensive classroom noise standard in 2002, noise
levels in US schools often exceeded those permitted in European schools by more than 20
dBA (Lubman, 2004). Popular US architectural trends of the 1960s and 1970s did not help,
as the “open-floor plans” produce long RTs and poor S/N ratios.

The standard (ANSI S12.60-2002 Acoustical Performance Criteria, Design Requirements
and Guidelines for Schools) provides acoustical performance criteria, as well as design
requirements and guidelines for new classrooms and for renovation of existing classrooms

Figure 5.43 (Valerie Rice) Figure 5.44 (Valerie Rice)

Classroom design can both create and improve acoustical problems.* Classrooms need low noise,

low reverberation times, and high sound isolation to provide classroom acoustics conducive to
communication and learning. Often schools resort to creative stopgap measures (such as placing tennis
balls under table and chair legs) to reduce classroom noise.

* Classroom design particularly affects hearing (audibility) and understanding (speech intelligibility) (Cavanaugh and Wilkes, 1999).
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to avoid classroom noise (Table 5.9 and Figure 5.45). Now educational facilities plan-
ners, builders, and architects must consider noise when selecting school site locations,
designing classrooms or flow plans and purchasing construction materials, equipment, or
air-handling systems. This standard attempts to provide universal design guidelines optimizing
classroom acoustics for everyone (Lubman, 2004). The standard is available free of charge
(http://asastore.aip.org) through a unique partnership between the Acoustical Society of
America, Armstrong Ceiling Systems, Owens Corning, and Trane.

The annexes offer design and construction practices, installation methods, and optional
procedures to demonstrate conformance to performance and design requirements.
Although the recommendations are good, they focus on children and adults with normal
hearing. Some special needs students (e.g., hearing loss) may still require additional class-
room sound optimization, signal-enhancing technology like hearing aids, FM systems, or
sound amplification/distribution systems.

Table 5.9 ANSI S12.60 (2002) Recommended Classroom Acoustics

Unoccupied Overall Sound Signal- Unoccupied
Background Noise Levels to-Noise Ratio | Reverberation Times
35 dBA <70 dBA +15 dB <0.6s

The World Health Organization
(WHO) recommends ambient noise
levels of 35 dB (30 dB for children with
hearing impairments) in unoccupied
classrooms. The new ANSI S 12.60
standard brings the United States
into agreement with WHO and many
other countries in the world. European
standards are available through
the National Hearing Conservation
Association and teacher Web sites.

(http:/Aww.hearingconservation.org/
rs_regulatoryInfo.html#europeanStandards
and (www.teachernet.gov.uk/acoustics).

Figure 5.45 (Valerie Rice)
Table 5.9 guidelines refer to core learning spaces <20,000 ft’.

o The standard recommends a level of 40 dBA for ancillary
and core learning areas with a larger volume.

« The recommended level in corridors not used for formal
learning is 45 dBA.

o Additional standards are provided by the Department for
Education and Employment (London).*

* Available at http://asa.aip.org/classroom.html, Two helpful booklets: “Classroom Acoustics, a resource for creating learning environments with
desirable listening conditions” (free) and “Acoustical Barriers to Learning” (nominal fee) are available at: http://asa.aip.org/classroom/booklet.html. For some
European standards on noise in educational buildings, see Vallet (2000) and British Associations for Teachers of the Deaf (2001).
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PUTTING PREVENTION INTO PRACTICE

Prevention efforts need to touch individuals, families, schools, and communities. All persons
should understand the sources and solutions to prevent hearing loss due to toxic noise.
Then they need to implement the solutions!

Teacher, parent, and student awareness is crucial to prevention programs. Often the
first efforts occur in children’s schools.

SCHOOL HEARING LOSS PREVENTION (HEARING CONSERVATION) PROGRAMS

The insidious nature of NIHL, the unavoidable exposure to noise during daily activities, and
the increasing number of children with NIHL provide sufficient evidence to justify a hearing
loss prevention (hearing conservation) program. Studies indicate this type of effort is worth-
while, as children who participate in school hearing loss prevention (hearing conservation)
programs increase prevention practices and knowledge (Chermak et al., 1996).

A school or school district hearing conservation team (audiologist, industrial hygienist,
safety engineer, noise control engineer, teachers, parents, and nurses) can develop, plan,
and manage a program to educate children.” The program can resemble existing smoking,
pregnancy, and drug abuse prevention programs.

COMPREHENSIVE SCHOOL HEARING LOSS PREVENTION PROGRAMS SHOULD
INCLUDE:

1. Noise hazard identification (How to identify sounds that are “too loud”)

2. Engineering controls to abate noise (How to reduce the noise)

3. Monitoring audiometry. Table 5.10 provides a template for a progressive hearing
testing program designed to detect noise damage before the hearing loss occurs,
while also identifying the common middle ear problems potentially resulting in
“temporary” hearing loss (Langford, 2002)

4. Preventive measures (Behavior strategies such as Turn it down, Walk away, Wear
earplugs or muffs, Crank it Down and Hearing Protection Device [HPD] Solutions
such as appropriate selection, fit, use, and care of HPDs)

5. Hearing health education should include:

. The anatomy of the ear

« Toxic noise. The impact of exposure to noise on hearing, and causes of hearing loss
. The audiogram

« Examples of noise hazards

« How to recognize when sound is too loud

« Warning signs of hearing damage

« Age-appropriate activities and information

. Preventive measures, including the use of HPDs (earplugs or muffs)

Teachers can easily incorporate these topics in existing health, science, music,
math, or physics curriculums. Audio demonstrations of simulated hearing loss are
particularly effective (find several in the teacher resource appendix)

6. Evaluate hearing conservation program effectiveness
(Outcome measures—Does it work?)

* Schools may send a nurse for certification as an occupational hearing conservationist by the Council for Accreditation in Occupational Hearing Conservation
(CAOHC). OSHA recognizes CAOHC (www.caohc.org) as the training experts offering short courses across the United States to train occupational hearing
conservationists and professional supervisors.
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Innovative Programming

A local parent flew a helicopter to the school playground
to kick off International Noise Awareness Day.

They called the event BANG—Be Aware of Noise
Generation.

Students measured the sound, participated in educational
activities and programs ending with awards for the best
noise awareness poster (with donated prizes).

The local supermarket displayed the posters during
May (Better Speech and Hearing Month) reminding all
adult shoppers “noise destroys” and to protect their

ears.

http://www.militaryaudiology.org/bang/index.html

Table 5.10 Guidelines for a Progressive School Hearing Assessment Program (SHAP)

Grades Testing Education
Age-appropriate information in a problem-based
learning approach on physical structure and
Traditional suprathreshold screening function of the ear and the physics of sound noise
K-5 and immittance testing to identify hazards
hearing loss and middle ear
dysfunction Lesson plans and educational materials like “Crank
it Down” or “Sounds like Fun” are available from
resources shown in the reference section
Hearing threshold assessment to
include 2000, 3000, 4000, 6000, and
8000 Hz to detect the presence or
absence of noise notches. OAE
testing would confirm damage to Age-appropriate educational programs with special
inner ear hair cells emphasis on noise hazards commonly encountered
6-8 by the student population (e.g., farm hazards in rural
If testing identifies a noise notch or communities or urban noise hazards in metropolitan
inner ear hair cell damage, specific areas)
counseling regarding toxic noise
hazards, exposure limits, preventive
actions, and hearing protection is
appropriate
Educational components should include individual
hearing protection fitting and identification of noise
hazard risk
9-12 Threshold and OAE testing, as risk of Special attention to school noise (band, vocational,

NIHL is greater for adolescents

sports), recreational noise hazards (MP3 players,
personal stereos, cars/motorcycles, hunting), as
well as after school employment (lawn care,

fast-food communication headsets, construction)

Source: From Langford, J., NHCA Spectrum, 19(3), 3, 2002.

Creative scheduling, insert earphones or mobile test facilities are solutions for schools with logistical
limitations in implementing a threshold SHAP testing protocol.
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INVOLVE THE STUDENTS

or understand, why they

it down, or protect their

If children don’t know
should walk away, turn

ears
They probably won’t.

Eighth graders report:

Their most common source of

noise exposure is stereo headsets,
video arcades, concerts, musical
instruments, and lawn mowers.

67% say they never or rarely wear
hearing protection during exposures.
73% do not understand that NIHL results
in permanent damage, untreatable by
medical or surgical intervention.

78% incorrectly believe cotton is a
good hearing protector (earplug).
Many do not think they need to use
preventive measures (Watkins, 2004).

Hearing instruction will be more effective if teachers’ com-
munications with children reflect their needs, interests, and
everyday experiences. Avoid “preaching” to children about
hearing; it will not work (Figure 5.46).

Figure 5.46 (Nancy Vause)
Children’s education must be age appropriate. This photo
shows young children going through a “cochlea” as they
learn about the physiology of the ear.

Attempting to scare or force children into healthy hearing
habits usually does not work. Discussions and interactive
experiences are more effective. See the teacher resource

appendix for information on activities, lesson plans, and
experiences to involve the children in the learning process
(Haller and Montgomery, 2004).

Problem-based learning (PBL) lets
children use the information they learn to
develop solutions to problems (Bennett
and English, 1999). It also makes them feel they are contributing to the “greater good” of
their school.

HEARING PROTECTION

When children cannot “walk away” or “turn it down,” they can easily prevent virtually 99%
of NIHL by using hearing protection such as earplugs or noise muffs. Many people, adults,
and children alike believe using hearing protection will reduce their ability to hear and
communicate. In noisy environments, the use of hearing protection actually improves the
ability to understand conversations.

This is because the HPD reduces (attenuates) the overall SNR, allowing the cochlea to
respond normally. The inner ear can transmit sounds without “overdriving” the hair cells,
resulting in sound distortion. An equivalent example is using sunglasses to protect eyes on
a very bright day.
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Figure 5.48 (Courtesy of USA
Human Research and Engineering
Directorate)

Figure 5.47 (Ursy Potter Photography)

By the time a professional musician reaches 30, he often has a noise “worklife” exposure of over 25
years. It does not matter if the music is classical, country, rock, or rap. The intensity and duration of
the music is what matters.

Musician’s earplugs are available in premolded sizes or as a custom fit. Custom earplugs require
an audiologist to take ear impressions. This type of earplug reduces toxic sound hazard levels while
simultaneously preserving sound quality and frequency signatures.

Musicians consider the expense a good investment to protect their precious hearing. The custom
earplug is gaining popularity among professional musicians (Landau-Goodman, 2001).

Since sunglasses decrease the overall illumination, the eyes function more efficiently
and effectively. In a similar manner, hearing protection reduces the acoustic “glare” of high
or toxic noise levels. Children and adults can still hear and enjoy the music or conversa-
tions more clearly because the ear is not distorting the sounds.

What is the best
hearing protection?
The hearing
protection a child
wears properly!

Appropriate HPD selection depends upon on the user’s require-
ments for noise reduction, comfort, cost, durability, ease-of-use,
communication requirements, and fit.

Involve children in the selection process and find the noise
reduction rating (NRR) of the HPD. Products with this rating have
undergone design and testing for noise reduction. However, do not
expect too much of this rating.

The NRR value does not describe the actual attenuation of the

HPD (as one would expect). Many people do not realize that an NRR of 25-30 dB may only
really provide 10 dB of protection. If the person does not fit the HPD properly, the protec-
tion is reduced even more.

There are two basic types of HPDs: earplugs and noise (ear) muffs. Both are effective
in reducing continuous and impulse noise.”

* The US Center for Health Promotion and Preventive Medicine (CHPPM) provides a thorough list and explanation of HPDs available at: http://chppm-www.

apgea.army.mil/hcp/devices.aspx

153



Ergonomics for Children: Designing products and places for toddlers to teens

6% 2an31y

unJ Buoj ay}
ul Bnjdies anisuadxa 1o\

uaipjiyo

Joj ynoyip Ajqissod
‘Uasul 0} Yoye pue
asiadxa 1sow ay} seye |

(sreoiwayo
1o uIp) spuey pa|ios
YuM L8sul Jou pinoys

Ajjoaniooul
pauasul Jl ssejesn

uonosjoid Buueay
a|gnop apinoid 0}
(o010 ‘A1ayes ‘aoho
-Jojow) slvw|ay
aAnoay04d Jo sjey
Japun Jjeam ue)

sbn|d Jes
pawuo} puey 1} 0}
paJsinbai jou Bumy
[duuosiad [eoIpaN

spunos
Aouanbaiy-mo|
Bunioolq ye poon

Aledoud payasul
uaym uonenuale
[[eJaA0 Jus||80X]

8|qeMOojwoD
Alaniejay

(esn wuel-uoys)
aAIsuadxau|

xdsesaoinap/doyiwAwse
‘eabde-mmm-wddyo,/:dny Jo jpd-gbojes
/suoobuneay,pd/wodi-e-a° MMM e d|ge|ieAe
aJe uonosjoud Bunesy Bunyy Apedoud oy sdij

*(09°G @inbi4 ybnouyy 85'G ainbi) jeued Jes
oy} Jo azis ay} Joy} arendoidde 1sow Bnjdies jo
adA1 ayy 109)9s djay os|e ued Aay ] "uonosiosd

Buleay jo Jeam J0 asn ay} Ul alausiul

1yBiw eyl SUOIONIISO 10} [BUBD JBd By}
aujwexs 0} [euoissajoid aled Buleay paiped
JHOVD ® Jo} Inydiay si 1 ‘sbnidies Aue
Buruasul alojog "1y Jadoud si 8a1nep aaosyold
Bueay Aue jo 109dse uepodwi }sow ay |

‘puedxe
1O UMOP [|0J 0} Aljige S} S8S0] [eLiajew
8y} [nun 1o Auip ooy are Asyy [nun AdH
Jo 8dA} siy1 @snaJ pue ysem ued ualip|iyd

‘sbnjdiea ay) yasul Aay) usym puey s.piyo
BU] WO} Jea 8y} O} Jojsuel] p|nod S8jeulWBu0d
Se ‘Uea|d 8 p|Noys spuey s,p|Iyd € ‘os|y

-ainsodxa ay} Bulnp sawi} [BI9ASS 1IN0 pue
ul sbnid s1ey) exe} Ajjuanbaly }snw uaJpjiyo
1 leonoeud jou aJe sbnjdies pawio}-pueH

"sbnjdies azis p|iyo,, Jojews 1o} paau ay Bul
-ziubooaJ are sainoeNUEW INg ‘JSOW S} 8ZIS U0
ul a|gejiene Ajuo ale sbnidries asay) ‘Ajeiausr)

"(£6°G @1nbi4 ybnouy} G5°g

ainbi4) sies Jiay} Jo adeys pue azis ay} 0}
wojuod Aayy aouls sbnjdies adA}-weoy Jeam
Ajlrensn ued ualp|iy) ‘Jeued Jes ojul pauasul
pue pajjol puey Apybi are sbnid pswioj-puey

‘uaip|iyo Joy areudoidde si yey; Bnidies jo adA
uowwo? e si Bnjdies (weoy) pawioj-puey ayL

‘sal}ljiqgeded uonoNpal asiou Jud||9oxa

apinoid Aayy pue ‘uni Buoj ayy ul aAIsuadxa
SS9| W8y} yew asnal pue ysem o} Ajjige
ay] ‘jeuuosiad paulel) Ajeoipaw Aq Bunily pue
Buizis [enpiaipul ainbal Asy "uaipjiyo BunoA
Joy uondo 1saqg ayy Jou are Aay] (6%°G 2inbig)
sjnpe BunoA pue sjuadsasjope 1o} 8|qelns aJe
sbn|dies ,pawlojaid, 10 J4 0} Apeay, ayl

‘spJezey asiou

woJy uonosyjoid arenbape
apinoad o} 314 poob e
alinbal ||y ‘spjow woisno
10 ‘pawloj-pury ‘PaWIIO)
-a1d apnjoul suondO
'sbnjdies 1s0| 8ziwiuiw
0} spJo92 Bunoauuod Jayo
S9JA1S BWOS "SI0]|0d pue
‘sreuslew ‘sazis Auew

ul a|qejieAe aJe sbnjdieg

sbn|dieg

a|dwex3

sabejueapesiq

sabejuenpy

&) Inoge Jeym

¢H sl leym

154



Hearing ergonomics for children: Sound advice

(panunuos)
ulom
10U UBYM 08U
punoJe jsai ue) n hmaem yim Emwmwc_
10u op se|dwa) sse|fakg
0
%utso@va&:.u Mw_mm JSOW S}y 82IS BUQ ‘UIYo ey} Jopun Jo ‘peay | o
D) 1SS 5| (scleo [eueo 12 10 "(v) Gp G6 01 dn sjeng) aU} puIyaq ‘peSy By} Jan0 | o
aw Jo spouad _ ) 4 g asI0U 10} BAIO8YS AjUO a1k Ing ‘sainsodxe swy puegpesy au; ‘Ubisap | ©
Buo| 10} UIOM UBYM B|qE {eem pue 3} Jsdol JUSIIWISIUI HOYS 10} pooB ae sdeo [eued Jeg . “oul uo Buibuadaq ‘uon [
8y} Uo pajonJIsul i lpusdeq "uolk | o
-Jojwodun swodsq ue) L} Uo pajonisul -oe)oid 1599 ayy epinoad | o
aq pnoys se "(15°G 2Inbi-) A1081109 1} i UBIPIIYD ; a
sbnjdies -npIApul) paiinbai 10} 901040 S|GENNS Joyjoue ase sded [eued Jeg « |EUED JES By} Ojul 1} b
uey) aAIsuadxa aIop 10U SI 11} [e2IPOIN JeU} 850y “[eueD [es sy}
‘ynw jo apisino ay} . deo, 1snl Jo
(V)gp S6 10 pasoxe s|ans) 1 01 8sI0U B JO ¥|ng 8y} 8onpai pue Bnidies ue [eued Jes 8y} ol 11} Aew
9SI0U UBYM 8snh jouue) Ases AjpAneloy |04 pUR B|puUeY 0} PodU By} SjeulwId sded e . pue 1sow s}i} 8zIS d8UQ
‘saoueApe Abojouyos)] ayy
Ang e|doad aiow se Buiddoup si 8oud 8y} Inq
uBIpIIYO 10} ‘anlsuadxa alow ale YNY YIM sgdH "esiou
Buizis puegpesy as|ndwi 10} |[e 18 YI0OM JoU SB0p pue asiou
}08yo—siasn ynpe snonuiuod >OCQJU®‘_“_.|>>O_ ul 1seq SYIOM YNV -
1SOW sy} 8zIs suo {9SI0U [BJUBLULOIIAUS BY} S|0D ‘suondo uon
Anoa1109 4 0} Aseg -ued, awWl} swes ayj 1e sasiou yjoq bulhe|d -0910.d aAnoe J0 aaissed
"asiou ajejs-Apesls Buipunouns ayy jo abew Ja}jo synuwies asioN 2
asn Josiw e Bunessusb pue Buneaio Ag ABo ] duisd m.
lojuow 0} Ase3 -jouyoay Jandwod paoueape ybnoiy; ajqissod 90e|d ul Sano Jes | g
SI (ONY/) UOIe||9oUBD 8SI0U 9AIOE Paj[Ed SU3 POy pue 8|qBLOJWOD | =
Jeam Jado.d : : : . o
( os|y -oljgnd a3 o} a|qe|reAe mou si ABojouyos} 84 pInoys pueqpesy 8yl | @
(asnep LoueN) J1|8y} uo pajonaisul : : . ‘gp /—¢ 01 dn uonosjoid | =
. noys siasn) (4NV) uononpal asiou dANOR ‘IOASMOH : 3
0SS 2anSr 1eab peay Jo sedA} aq pinoy 8U} 8SB2I09p pUE [e8s | 3
Ile yum ajquedwod JoN [ouuosiad [edipaw ‘pasinbai Aiepeq ou ‘Jeuuew 8y} Meaiq ued sbulies | =
m m. 5 Aq pauinbai jou 14 aAIssed e Ul 9SI0U 8y} %00|q SyNW 8SION 1o ‘sesse|b ‘iey ‘peay | @
$92eds 1ydn ul bupiiom . pue 82} 8y} YIM ysnij aq
spunos uonoajoid :
USUM [eai OHIINOBIA Kousnbauj-ybiy 20Npal pue uapJey o} sjess ayj asneo m | PYUE me>m£ _M SpISino su}
asn jo spouad Buioo|q 1e poon) uoneidsiad pUe |10 Us [ewiou se ‘Ajesiponad M.MMM Qrwwr%%%._.v.ﬁmwm
papusixa 10} pPalNns JoN soInsodxs pax08yod 8q 0} peau saop dno Jes sy peoy & pue ‘sj2as dno
sbnjdies 0} paied aslou Jud} ‘urejurew pue (0G'G ainbi4) Jes ‘sdno Jes onseld Jo
-Wwod uaym aAisuadxg -JwIB}UI 10} POOK) asn 0] ualp|iyd 1o} Ases ale synw (Jea) aSION 1SISUOD synw (Jes) asIoN

155



Ergonomics for Children: Designing products and places for toddlers to teens

'ss0| Bulieay Jo %Sl 8yl asealoul

pue wa|qoid ay} 81egiaoexa AJuo |IM asiou o
8y} Ino umoip, o} Joke|d g4I 10 08i8]s %
[euosiad e jo awnjoA ay} dn Buiuin] “(ygp .m.
001 “6°9) pnoj 00} s|aA8| 8y} 18S usyo >
UaJpP|IYd Se ‘asiou JO 92IN0S B UdYO ale 's1ahe|d oisnw [eubip m
‘sjona| Alsusjul A8y} 108} U] "asiou 210} woJ} uonosloid 1o ‘@) ‘edey buihuedwoooe | B
asealoul sojA)s swog ou 1sowle Jayo sauoydpeay [euonesioay ey} seuoydpeay Jo spnale]
(asmep
foueN)  €6°6 a3y ssouaeme
S9SB8IOU| OS|E SSO| [euonenys T
Buneay pue ainsodxa uo uonosjoud . m
plezey asiou JO Ysu Bunieay Jo sjoaye SPunos yos | =
au} (S | uans) sesealoul oy} sasealoa( ‘Buueay s plIyo e abewep ueo (uonosjoid Ajjdwe sjuswuoliaus 18Inb ul | =X
AWI} 3OeNE, SY ‘SNo Burreay noyym) unbloys e Jo asiou pue punos asindwi [aAsl-ybiy M
-BUB)NWIS JOU BJe SO sepARoe bupuny asindwi ey 0} ainsodxa ajbuls € 1A ejenusye >_m:omcm.EEwc_ o
_UOJI3I JNULIES B} JO ul ayedioiued 0] }dwaye Asy ] "ubisep 3
s10adse anosioid oy OUMm sjjnpe pue ‘Sp|aly 40 S}Sa104 }8INb By} Ul Spunos ynwies ay} ojul Joyidwe | £
H —ry
uaJp|Iyo asoy} 1o} yos Aiaa Jeay 1snw Aayy aouls SQdH pue auoydosoiw e Bujjouod | =
sauaneq uondo uonosioid Buueam jsisas usyo suolipadxa Buuny SO1U04108|9 d1es0diooul
salinbaJ pue anlsuadxy Buneay e sepinoid uo sjuased Jiay) Auedwoosoe oym ualp|iyo spnwJes asn [eloads asay |
‘sioauibus punos pue
‘s10}0NPUOD ‘sIaquiaw pueq |ooyds pue
‘sueloisnw Jnajewe ‘olignd [esausb ay
yum Jeindod aiow Buiwodaq pue a|qejiene
(ired Jad ale Aoy "sieauibua punos pue ‘siebuls
G2$ 01 6$ Eo:. ofuel ‘S10}0NpU0I ‘sueloisnw jeuoissajoid
seoud) uondo pauwio} jo ajlone} e ale sbnidies ueloisny =
(o -81d [edjwouoo3 'SQdH [eUONIpE YiM 3
U0 UBY) 10W 81INba) (25's 21nBig) (gp >vmocw,cmaxm oIsnw pue ‘yosads Jo punos o
Aew) xem jo sal; oy Gz 10 ‘G| '6) S|ena sseuq ‘Aouanbauy >>.o_ [elolIUe 8y} saanpal o
dooy| 0} ueyE) 8q ISNW UOI}ENUSJ}E SNOLIBA UONENUSYE JE|} BUL "[9AS| AlIsus)ul peoNpai w
a1eD "eoueUSUEW YBIH 0} plow Wo}snd €18 INQ 'Sjuswnisul 843 4o e Jesy o
aues sy} Jojie} 0} SUBIDISNW SMOJ||e uolienuaye [enba ay| m
el ﬂ_ﬁwﬁ“m 0} S18UBJSI| SMOJ[2 -Ayenb punos =
_.__>> UBIPIILD BUIMOID) » suondo Jsyl [elonss [eanjeu ayy Bulurelurew sjiym saiousnbauy ﬁ
(aTgH vSn jo : ’ ’ Bulieay S198101d |Ie 1e Ajrenba punos asealoap Aoy
£symop) GG amSLy (woysno Jred ’ ) .
1ad 622§ 0} 051§ Wouy Aupenb aisnw ay} Aolus |us pue Bn|dies
oBuel seoud) anisusdxg DPUNOS SOAIBSAI BWN|OA 8y} Uumop win} 0} Aem e Jayo Aay | Hj-01-Apeas pawiojaid e
"(26°G pue ‘8'G ‘/°G seInbi4) sasse|o oisnw Sse a|ge|lene os|e si }| ‘suoido
Buizis awi Jo spouad pue spueq ui ajedionied Ayl se ualp|iyo Jayjl} uoirenualie [BIoASS
pue yij [eoipaw salinbey « | Buoj o} a|geuIojwo) Jo} ejeudoidde ase sbnjdies s ueloisniy sJayjo Bnjdies wolsno ay
ajdwex3g sabejuenapesiqg sabejuenpy &1 Inoge ey &U S 1euym

156



Hearing ergonomics for children: Sound advice

.O—uwu UEN QAOWIY
(eorg o) 09°S 3Ly

114 HOOd

“Ied 1oL 313 0}
wreo oy} Surmorpe ooefd
UIploH  £S°S 3Ly

€ d3l1S

YD
(g 9uare))  65°G 2an1g
114 H3doHd

"}19sU] “pIemino pue premdn

euurd oy nd o3 puey aysoddo a3 Sursn
[eued 182 INOA JO PUSq [BINJRU 2} UJYSTenI§
(g 2u9[eA)  96°G danSry

¢ d3ls

-0e[d u1 p[oy pue 11asuf
(g 22[eA)  8G°G dan3rg

€ d31S

"3U0D I0 [[eq
© 9YBUI JOU O(J "391-9SeID pue
ury) ST 31 21ns ey APySn aj0yg

(orgauvre))  66°s ISy

I d31S

‘(8oueUS [eURD JBD By} JO di} Juol) BY})
snfeJ) s Jes [eusslxa ay) puohkaq spnijoid
10U [im Bnjdies weoy yy Apadoud v«
") 00| 0} SI JI} ¥98Yd 0} Aem Jayjouy -
‘paussul
Apadoud 1 yum swes ayj punos pjnoys
1| "uiebe wnoo pue Bnjdies sy} uasu|
‘youd ui Jedaap Jo ‘Asselq
‘liny punoy pinoys Aurenb [eoon ay] -
JS v e ‘gL, ‘Bununod pue sies
ul siebuly Buioed 1say Aq yy Jadoud yoay9 -

‘Bnidies

J8y10 8y} Wasul pjiyd ayj 18] pue Jea auo uo
sanbjuyosy Buny Jadoud sjesisuowap |jim
sbnjdies ayy Buisuadsip uosiad sy} uslO
‘gonoe.ld pue Buluresy sasinbai iy 108ped v

(ino adeoss jou [eued
Je3 ayj ojul puedxy
0} WeoH Mmojjy) PIoH
(no pue dn) lind
(AnybiL) noy
114 dOO0Y e 1¥H

29IApY
punos

¥S'G a3y

157



Ergonomics for Children: Designing products and places for toddlers to teens

TEACHING BY EXAMPLE

Adults can reinforce the importance of healthy hearing by leading by example. Often
the most powerful educational message comes from what is “caught” rather than what is
“taught.” Children “catch” a message when teachers and parents routinely wear proper
hearing protection around hearing hazards. Children routinely use a bike helmet, car
seat, or seat belt to prevent potential injuries without question. Hearing protection is no
different.

Children should accompany any hearing protection solution with behaviors to manage
toxic noise and minimize the risk. For example, if a child plays in a loud concert one evening,
they might avoid noise hazards like use of a loud lawn mower the next day. If a teenager
attends a dance, they should give their ears a 10-minute break every hour. Give children
Dangerous Decibel strategies to “Turn it down,” “Walk away,” or “Use Hearing Protection.”

REDUCING NOISE IN THE CLASSROOM

Schools and teachers that are serious about reducing noise in the classroom find it is always

best to hire noise control engineers who specialize in noise control and abatement. They

consider all specifications, develop effective noise control strategies, and cost estimates.
Noise control usually involves:

1. decreasing the sound intensity at the source, or
2. interrupting the sound transmission pathway in some manner to block, absorb, or
divert the sound.

BOX 5.7 INCREASE PUBLIC AWARENESS

Section C lists common noise problems (ERDREICH, 1999)
and suggestions for dealing with noise. . Establish Web sites. Write articles.
Reducing classroom noise pollution - File petitions with school districts and in the
often requires public awareness, especially United States, with the US Access Board
if additional funding is required. Box 5.7 (www.access-board.gov).
contains suggestions for Public Awareness » Support media initiatives that educate the
Programs. cLlolie

- Learn about such advocates as the Council of

Notices gnd eqlucahona! ha”doF‘tS, Educational Facility Planners (CEFP) in the
should describe noise pollution and its United States.
consequences, along with strategies - Carefully research costs and highlight benefits
to resolve noise problems. Parents and of inexpensive renovations.
teachers can also use a “do-it-yourself kit” « Sponsor school activities or contests featuring
to diagnose classroom noise problems hearing and noise—International Noise
Lub 2004) (Fi 561 Awareness Day, Better Speech and Hearing
(Lubman, ) ( 'gure_ % ). . Month, Operation B.A.N.G., Stop that Noise!,
Box 5.7 provides additional suggestions Wise Ears, Audiology Awareness Campaign,
for parents and children. Be a HEAR O Run.

Decrease extraneous noise levels by
covering reflective surfaces (floor,
walls, windows, and ceilings) with
materials that absorb sound such as
carpet, drapes, acoustic tiles, and
desk leg bumpers.
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understood to 23 ft?

(o)
y
No problem! [ What limits intelligibility? ]

v l
Reverberation

[ Can normal speech be

Teacher and Parents
“Do-It-Yourself” Kit
Diagnosing
Classroom Noise

Y

Are there
enough sound
absorbers?
Make sure that:
- Absorbers are not too

thin or painted over
- There is sufficient air
space behind absorbers
- The ceiling is not too
high Add sound
absorbers to
ceilings, walls
or floors

|
If HVAC or

inlet, exhaust Lﬁﬁ:{?elgg
ducts, or GET HELP!
roof...
GET HELP!

Figure 5.61 “Do-it-yourself Kit” for diagnosing classroom noise. (Reprinted with
permission from Lubman, D., Spectrum, 19(Suppl. 1), 20, 2004.)
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BOX 5.8 TEACHERS AND STUDENTS CAN TAKE ACTIVE STEPS

a.

a.

a.

1. Become knowledgeable.

Have children research on the Web and write papers focusing on specific aspects on hearing and
classroom acoustics.

Have teachers and older students read some of the articles at the end of this chapter.

Invite speakers who are acoustic subject matter experts to speak to your class or the parent
teacher association.

. Visit schools employing classroom acoustic solutions and hearing conservation programs.
e.
f.

2. Determine how many children in your school are at risk for acoustic trauma and inadequate classroom
environments.

Attend the National Hearing Conservation Annual Conference and meet the noise experts.
Obtain educational information listed in the “teacher resources” section of this chapter.

Use a questionnaire to find out how many children think they “hear funny” or have symptoms of
hearing loss (ringing in the ears, ears “popping,” frequently being told by others that they are
turning the television or radio up too loud). You can find surveys on the Web.

Gain access to a good sound level meter or other noise measurement equipment that can measure
down to 35 dBA and check classrooms to document the problem.

. Check to see if there are some students and/or staff with disabilities who could benefit from

improved acoustics.

3. Form an advocacy group in your class or school to:

Write articles or file petitions with school districts and the US Access Board (www.access-board.gov)
supporting hearing education and protection;

Present the need and rationale for good classroom acoustics and a comprehensive hearing
conservation (prevention) program to those who can make it happen (repeatedly, if necessary);
Establish a Web site on the topic at your school;

. Participate in public awareness activities like Better Speech and Hearing Month (May) and

International Noise Awareness Day (April); “Get on the right track—Protect Your Hearing”.
Encourage a school culture dedicated to prevent hearing loss and academic difficulties caused by
noise; and

Sponsor noise awareness activities in your community.
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Section C: Design Applications
Noise Problems and Solutions*

Noise originating from inside or outside the classroom can disrupt learning. Acoustic treat-
ments can reduce the amount of sound in a classroom (intensity) and the length of time
the sound waves bounce around off ceilings, walls, floors, etc. (RT). Sound waves, unlike
a beam of light, can pass through, up, over, under, and around objects (walls, doors,
windows, and floors) simultaneously. Noise control can prove difficult as implementing
one solution may create another noise problem. When in doubt, consult a noise control
expert.

NEW SCHOOL AND CLASSROOM CONSTRUCTION

» Give a free copy of ANSI S12.60 to
school officials, architects, facility
planners, and builders
(http://asastore.aip.org). Use
acoustic architectural design.

+ Select the school site and design
with hearing in mind (seek quiet
areas, avoid major transportation,
and industrial noise sources).

» Locate high-traffic hallways away
from classrooms (cafeterias, break
areas, and auditoriums).

» Position noisy special purpose
rooms away from other classrooms
(music, technical/vocational areas,

Figure 5.62 (Kurt Holter Photography, Frederick, MD) and gymnasium). _ _
Solutions: Noise control professionals (noise control engineers, - Incorporate acoustic treatments in
industrial audiologists, and industrial hygienists) can assist school Clgssrooms to reduce noise. |nC|_Ude
facility planners to determine size, shape, and surfaces of classrooms. noise control treatments in speqal
They can also help select the building location and orientation, purpose areas such as cafeterias,
conduct acoustical surveys (background noise and reverberation gyms, theaters, shops, and music
levels), and recommend engineering controls and product/equipment rooms.

specifications. Consultants can also meet student representatives.)

* This compilation is not comprehensive. It is intended as a general guideline only (Seep et al., 2000; Driscoll and Royster, 2000; Siebein et al., 2000).
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MECHANICAL EQUIPMENT: HVAC (HEATING, VENTILATION, AND AIR CONDITIONING)*

Solutions:

Incorporate noise control design specifications during planning. Noise control engineers will consider
the size, shape, and surface of a classroom.

Locate rooftop equipment away from classrooms (e.g., possibly position over hallways).
Install air handlers with low air speed and sound level ratings.

Install duct silencer or ducts with sound-absorptive duct liner.

Plan large and long ducts for low air velocities.

» Use a slower fan speed.

» Avoid unit ventilators, fan coil units, and ductless split systems.

« Service, upgrade, or replace noisy individual heating units with forced air central heating systems.

» Consult an acoustical expert for most recent information and technology (e.g., silencers, adequate duct
length, vibration isolators, and adequate duct and diffuser sizes).

» Use sound-absorptive materials (see Table 5.11 ). Appropriate ceiling and floor treatments can absorb
approximately 70% and 20% of the ambient sound, respectively.

Larger coefficients indicate more effective absorption properties. These materials will absorb more
sounds, reduce reverberation, and improve the signal-to-noise ratios in the classroom.

Table 5.11 Sound Absorption Coefficients for Classroom Materials
Sound Absorption Coefficient®
Material
125 Hz 250 Hz 500 Hz 1000 Hz | 2000 Hz | 4000 Hz
Concrete 0.01 0.01 0.015 0.02 0.02 0.02
Ordinary window glass 0.35 0.25 0.18 0.12 0.07 0.04
. 2

g,}asrg;tygg?’gzvrm'(ggg Jnﬁ (':%/rga g | 010 0.16 0.1 0.30 0.50 0.47
gg@%g"&;“gaeg)’ OO gl (0 0.04 0.08 0.17 0.33 0.59 0.75
With 1.4 kg/m? (40 oz/yd?) hair pad 0.10 0.19 0.35 0.79 0.69 0.79
Linoleum floor 0.02 0.03 0.03 0.03 0.03 0.02
Drapes (medium velour (475 g/m?) 0.07 0.31 0.49 0.75 0.70 0.60
Mineral spray on 2.6 cm (1 in.) 0.16 0.45 0.70 0.90 0.90 0.85
Plaster 0.13 0.015 0.02 0.03 0.04 0.05
Plywood paneling 0.28 0.22 0.17 0.09 0.10 0.11
Gypsum board 0.29 0.10 0.05 0.04 0.07 0.09

@ Part of the sound wave striking a surface is absorbed by any material. Some materials absorb better
than others. The sound absorption coefficient is the measure used to compare sound absorption
qualities and efficiency of a material. A 70 value indicates that 70% of the sound energy is absorbed
and NOT reflected. These materials reduce noise and reverberation. This list is a representative sample

(Harris, 1998; Berger, 2000).

*This is the most commonly cited noise problem (Siebien et al., 2000).
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EXTERIOR NOISE: PLAYGROUNDS, STREET TRAFFIC, AIRPLANES, AND TRAINS

Solutions:

» Consult noise control experts (noise control engineers,
industrial audiologists, and industrial hygienists).

« Install a suspended acoustical tile ceiling in the classroom if
indicated.

« Install or replace door and window seals.

- Ensure the exterior noise source is within allowable levels
noted in the local noise ordinances.

» Check with your local government to determine if a noise
ordinance exists, the noise limits, and the responsible
department.

+ Provide noise isolation materials for the building shell with

appropriate sound transmission class (STC) ratings. .
) . ) Figure 5.63 (Kurt Holter Photography,
« Install noise reduction windows. Frederick, MD)

- Relocate a classroom to another area within the school away ~ Noise from outdoor playgrounds can
from the exterior noise. interfere with classroom work, especially if

they are located directly outside the class.
Yet, this location is convenient and often
preferred for day care and preschool age
children. Using noise reduction strategies
within the classroom may be the best noise
reduction techniques in these situations.

HALLWAY OR ADJACENT SPACE NOISE

Solutions:

» Ensure proper installation of existing door seals.

« Properly install doors and check adequacy of door and wall
sound transmission class (STC) materials.

» Keep doors and windows closed.

« Avoid placing classrooms adjacent to high traffic or special-
purpose classrooms (music, gym, or computer).

Figure 5.64 (Valerie Rice)

While monitoring and directing children’s
behaviors will certainly help keep things quiet,
a better solution is to design the building
using materials that resist sound transmission.
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EXCESSIVE INTERIOR CLASSROOM NOISE

(e.g., Computers and Other Equipment, Fans, Fish Tanks, People)

Solutions:

Consider size, shape, and surfaces of the
classroom.

Install acoustic-absorptive materials on ceilings
and walls (e.g., suspended sound-absorptive
ceiling tiles, curtains) equal in area to the floor
area of the room. A properly acoustically
designed ceiling can absorb 70% of the noise.

Install carpeting. A floor with properly installed
noise reduction treatments can absorb 20% of
the noise.

Support teacher control.
Select, purchase, and use quiet equipment.

Figure 5.65 (Ursy Potter Photography)

Consider classroom furniture placement and teaching
techniques to decrease distances between teacher and students.
These include small group instruction, story time at the front
of the room, and facing students during verbal instruction.

Classroom techniques that also reduce noise include:

1. separate aisles to facilitate moving closer to children;

2. teacher movement closer to the children during class;

3.

nontraditional seating; and

4. placing rubber fittings (such as tennis balls) on student

164
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LONG REVERBERATION TIMES (ECHOES)

Figure 5.67

Solutions:

« Consider size, shape, and surfaces of the

classroom.

« Install durable acoustic-absorptive materials on the

classroom ceiling, floor, and walls (use sound-
absorbing products with high STC ratings).

« Reduce room volume with suspended ceiling of

sound-absorbing tile.

(Kurt Holter Photography, Frederick, MD)

UNACCEPTABLE CLASSROOM ACOUSTICS

(NO AVAILABLE ENGINEERING OR MATERIAL SOLUTIONS)

. Install a classroom Sound Field Amplification and Distribution System.
These systems are similar to a small, wireless, high-fidelity public address system that

is self-contained to an individual classroom.
These systems uniformly amplify the speaker’s voice but not other classroom sounds
through distributed loudspeakers strategically placed; this strategy increases SNR for
all children and reduces teacher vocal strain. It is a cost-effective educational option in
many classrooms (Flexor et al., 2002; Nelson and Rosenberg, 2001). Good acoustics

will benefit all students and teachers.

SUMMARY

The sound of an ocean wave against the shore, music’s rhythmic beat, a friendly voice on
the other end of a phone, or a songbird chirp are wonderful sounds. On the other hand,
continuous or high-impact noise makes it difficult for teachers and students to hear and

interferes with learning.

Noise interrupts teachers’ ability to
teach and students’ ability to hear and
learn. All students and teachers benefit
from appropriate classroom acoustics.

Schools should immediately incorpo-
rate measures to reverse the increasing
incidence of NIHL in children. Parents
and teachers can initiate Hearing Health
Education Programs that empower stu-
dents with knowledge about noise haz-
ards, the risks from various types of
noise, the consequences of toxic noise
exposure, and the action options to pre-
vent NIHL.

Figure 5.68 (Ursy Potter Photography)

We must change knowledge; change attitudes and most
importantly change behavior, so everyone can

LISTEN FOR A LIFETIME.
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Appendix A: Frequently Asked Questions (FAQSs)

What is noise?
Any unwanted sound.

It is the most common health hazard in the workplace. The National Institute of
Occupational Safety and Health (NIOSH) reports about 30 million Americans are
exposed to daily noise hazards in the workplace.

Does noise cause hearing loss?

YES! Hearing loss is caused when your ear is damaged from a noise injury or acoustic
trauma. The loss is usually gradual and painless, but permanent. Damage can also
occur suddenly with impulse noise.

According to the National Institute of Health, more than 10 million Americans already
have some permanent NIHL. One in eight children between ages 6 and 19 already have
some degree of hearing loss.

What type of noise is hazardous to hearing”?
Impulse noise (>140 dBP) can cause permanent hearing loss with a one-time exposure.

Continuous noise, repeated exposures or long exposure to loud sound (>85 dBA) can
cause temporary or permanent hearing loss.

Extended exposures (>8 h) to moderate levels (>75-80 dBA) of continuous noise can
also damage hearing.

| do not listen to noise, | play in a band. Can music hurt my ears?
Yes, particularly if you practice or listen to loud music over 20 h/week.

The loudness of the noise and exposure time are important variables. Musicians playing
different types of music (Classical, Rock, Blues, Hip Hop, Country, and Jazz) can experi-
ence NIHL. In fact, Hearing Education and Awareness for Rockers (H.E.A.R.) promotes
healthy hearing for musicians (www.hearnet.com). Artists with hearing loss: Ludwig von
Beethoven, Pete Townshend, Neil Young, Brian Wilson, Sting, Eric Clapton, Bono, Keanu
Reeves. If can hearing loss can happen to them, hearing loss can happen to you.
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Q How does noise cause hearing loss?

A Sound travels through the outer ear (pinna and external auditory ear canal) to the middle
ear (eardrum, ossicular chain) and is transmitted to the inner ear.

The inner ear has fluid-filled chambers lined with thousands of delicate hair cells. The
hair cells bend, move or contract, signaling the auditory nerve to send electrical impulses
to the brain, which interprets the meaning of the sound. Loud or long noise exposures
can damage the inner ear hair cells and can permanently destroy the sound trans-
mission pathway to the auditory nerve. Impulse noise can also rip inner ear chamber
membranes, as well as destroy the hair cells.

Q Do these hair cells grow back with Rogaine or minoxidil?
A NO.

Although scientists are working on methods to repair or encourage regrowth—it is not
an option for humans at this time.

Q Can adoctor prescribe medications or do surgery to repair the hearing damage caused
by noise?

A No. Noise injures your ears causing damage to the structures and results in permanent
hearing loss. However, scientists are working to develop pharmaceutical preventions and
interventions. Sudden hearing loss, however, is a medical emergency as interventions are
time sensitive.

Q Can | get used to noise or will it toughen my ears”?

A NO!

You cannot make your ears tough by repeated exposure. If you are already “accustomed”
to the noise—you may already have a hearing loss.

Q So what if | lose a little hearing? How does
the loss of hearing really affect me?

A You will probably not lose your hearing all at
one time. Most people with noise induced hear-
ing loss do not even realize it until their family
or friends notice the change.

Speech consists of several frequencies
(low- medium-, and high-frequency sounds).
Unfortunately, noise destroys higher frequencies

SPTECHR) PRSI Ao first, which are critical for understanding speech.

Frederick, MD)

You may have trouble understanding conversa-

tions particularly in noisy situations, especially hearing the difference between words like hit,

fit, and sit. Most people with hearing loss report they hear just fine—they just have trouble
understanding conversation.

If you lose hearing and do not seek help, after a period, your speech will also deteriorate.
Hearing yourself talk provides valuable feedback. Since hearing loss distorts the sounds
you hear, your voice may start to change. Eventually, you may sound like you need to

start speech therapy unless you seek rehabilitation options (e.g., amplification).
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Figure 5.70 (Nancy Vause) Figure 5.71 (Kurt Holter Photography, Frederick, MD)

Q Isn't hearing loss just an old person’s problem?
A No, noise-induced hearing loss can happen to anyone, any time, and at any age.

In fact, some researchers believe young children may be more vulnerable to noise-induced
hearing loss.

Am | exposed to noise hearing hazards?

If you operate power tools, lawn mowers, stereo headsets, MP3 players, musical instruments,
household appliances, and firearms, you may be exposed to noise hazards. Some toys even
introduce hearing hazards to children.

How loud is too loud?
Think how long, how much, and how high.

This answer depends upon how long you are exposed to the noise and the loudness
levels. The longer the exposure, the more risk of hearing loss.

Higher decibels indicate a louder noise. Continuous noise >80 dBA is considered poten-
tially hazardous for longer than 8 hours for most adults. Impulse noise levels >140 dBP
can cause damage with just one exposure.

How can | tell noise is too loud without sound measuring equipment?
Sound is too loud if:

. You must raise your voice to be heard

« You have difficulty hearing someone less than an arm’s length away (approximately 2 ft)

« You must turn the radio volume louder after attending a concert or party

« Speech sounds dull, muffled, or as if people are mumbling after leaving a noisy
environment

« You experience pain or ringing in your ears after noise exposure.

« You adjust the volume control of an MP3 player to more than 60% of the potential
max volume for more than 1 hour in a day
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How can | protect myself?
Solutions:

« Crank it down—turn down the volume

. Walk away, avoid loud noise

. Leave a noisy area and reduce the time your ears are exposed to noise. Give your
ears a rest or break

If you cannot avoid noise:

o Protect your ears and wear adequate hearing protection (e.g., earplugs or
earmuffs). Cotton, cigarette butts, modeling clay are NOT adequate hearing
protection.

o Notice the noise in your life at work and play. Take control of the toxic
noise in your life. Check out the local noise ordinance in your town or
school. Some schools prohibit loud noise from cars, motorcycles, dances,
and concerts to protect students.

« See an audiologist for a hearing test every year

Can | hear people talk or warning signals while wearing hearing protection?
Yes!

In fact, hearing protection (earplugs or muffs) does not block all sound, but instead
lowers frequency noise allowing you to hear other people and warning sounds more
easily. Hearing protection is the sound equivalent of sunglasses to light.

What should | do if | think | have a hearing problem?

Donotdelay, visitaboard certified and state licensed audiologist for a hearing evaluation.
If hearing loss is a result of disease or a medical condition, the audiologist will refer you
to your physician or an ENT specialist. If you think you have a hearing problem, you are
probably right...If you think no one has noticed, you are probably wrong.

What is this ringing in my ears? What can | do about it?
Another name for the ringing is “tinnitus.”

Millions of people experience some form of tinnitus. First—avoid noise and practice
prevention. Today, numerous treatments and services are widely available. If you
experience tinnitus, contact your audiologist or otolaryngologist! (ENT doctor)

Can you prevent noise induced hearing loss?
Absolutely.

Everyone can help prevent noise-induced hearing loss by understanding the toxic
noise hazards and by practicing good hearing health, whether in the home, at work, on
travel, or at play.
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Q HOW?

A Dangerous Decibels will advise

Know which noises cause damage (80 dB and above)
Turn it Down

Walk Away

Protect Your Ears

o Wear earplugs, earmuffs, or other hearing protection devices when involved in a
loud activity such as snowmobiling, shooting, auto racing, or using power tools,
lawn or farm equipment.

o Be alert to hazardous noises in the environment even when having fun “relaxing.’

Make family, friends, and teachers aware of noise hazards. If you're having trouble
hearing or if sounds you hear are muffled and distorted or there is a ringing or
roaring sound in your ears, see a doctor at once!

Your doctor may refer you to an otolaryngologist, a doctor who specializes in the
ear, nose, and throat (ENT).

Have your hearing tested by an audiologist.

Q What is a hearing conservation program?

>

A program designed to identify hearing hazards, pursue engineering noise controls,

monitor hearing, provide hearing protection, raise awareness of hearing noise hazards
and educate listeners about noise hazards, and preventive measures required to protect
hearing for life!

Q What can | do?

Make sure early education includes the dangers, types, and countermeasures
against hearing noise hazards that can contribute to NIHL.

Promote healthy hearing in your school, community, state, and nation.
Investigate local noise ordinances.

Know potential noise hazards and intervention strategies.

Monitor your hearing annually.

Protect your hearing and properly use hearing protection when avoiding noise
hazards is impossible or impractical.

Q How do | know if | have a have a hearing loss and should be
tested?

A Take this quick test adapted from the Wise ears Campaign of
NIDCD.

170
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If you answer yes on any question, you need to make an appointment with an audiologist.

Yes(D Nol< Do you have a problem hearing when you listen over the telephone?
S S Do you have trouble listening to conversations when two or more friends talking

Yes[l Noll at the same time?

Yes(Z NolC Do your parents complain that you turn the TV volume up too high?

YesDD Noll D_o you have to listen very hard or strain to understand the teacher or your
friends?

Yes{I NolC Do you have trouble hearing when it is noisy in the classroom?

Yes(Z NolC Do you find yourself asking parents, teachers, or friends to repeat themselves?

Yes(Z NolC Do your parents, teachers, or friends seem to mumble (or not speak clearly)?

Y I NoDD Do you misunderstand what the teacher, your parents, or friends say to you?

est.s Nok. Do you respond in the wrong manner?

YesTD NoDD Do you have trouble understanding the speech of other children and female
talkers?

Yes[D Nold Do teachers, your parents, or friends get annoyed because you frequently

misunderstand what they say?

WISE EARS!®

Hearing Matters—Protect It
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Appendix B: Properties of Sound

WHAT IS SOUND?*

Sound" is “vibrating air molecules” that stimulates our sense of hearing. Leaving aside the
effect of temperature, the speed of sound varies depending upon the density of the medium
through which it passes. Sound travels approximately at 344 m/s (1130 ft/s) at sea level.

Sound travels faster through liquids, gases, and solids with greater densities. For example,
sound travels approximately 1494 m/s (4900 ft/s) in water and much faster in steel 6096 m/s
(20,000 ft/s) (Berger, 2000).

SOUND AND DISTANCE

Increasing the distance between the ear and a sound source causes a fairly predictable
decrease in the intensity of the sound.* Each doubling of the distance decreases the sound
level by 6 dB SPL.

. .;-h’s ISP amcwab'ily flmp ﬁlréant Sound waves are characterized by their frequency, sound

In c agsr ooms_nOta' y, for children pressure levels (intensity), and timbre.

who sit on the other side of the room

1. A sound wave’s Sound Pressure Level (SPL) determines

as they listen to a teacher’s voice. its loudness (intensity).

A child close to the teacher may SPLs represent the height (amplitude) of the sound wave.
hear the voice at a comfortably loud We express Sound Pressure Levels (SPL) in decibels.

. . ) , 2. The frequency (speed of vibration as cycles per second)
intensity level; however, the teacher’s determines its pitch.

voice arrives much softer to children | 3. Timbre helps us distinguish between sounds.

sitting farther away. Most sounds are complex and consist of a variety

frequencies of different intensities (overtones).

We enjoy listening to sounds that are harmonic; these
include simple higher frequencies that are multiples of the
fundamental tone (2x, 3x, 4x, etc.).

In contrast, noise is usually a random combination of
frequencies.

* Sound is formally defined as the fluctuations in pressure above and below the ambient pressure of a medium that has elasticity and viscosity. We also define
sound as the auditory sensation evoked by the oscillations in pressure described above (ANSI S1.1-1994).

T Several textbooks (Harris, 1998; Berger, 2000; Yost, 2000) provide technical explanations of sound’s properties beyond the scope and intent of this discussion.
Additionally, numerous fun acoustic demonstrations are available in the context of the Web.

¥ This is called the inverse square law. See basic texts for further information (Harris, 1998; Berger, 2000; Yost, 2000).
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Figure 5.73 (Valerie Rice)

For example, in a perfect classroom environment, if a child hears the teacher’s voice
at a 55 dB SPL when sitting 3 ft away, the intensity of the voice for children sitting 6 ft
away is 49 dB SPL (55-6=49). Children listening 12 ft away hear a voice that is 43 dB
SPL while those children listening in the back of the classroom (24 ft away) hear a voice
with an intensity level merely louder than a whisper (37 dB SPL).

The teachers’ voice is significantly softer to children listening on the opposite side of
the room from the teacher. It is no surprise that these children (and adults) are easier to
distract and fatigue as they strain to hear. Listening is particularly difficult (and tiring) for
children with hearing impairments (Hicks and Tharpe, 2002) especially since background
noise levels are often much louder.

The primary consideration is the location of the speaker relative to the listener. There is
no point to placing a child next to the teacher’s desk if instruction takes place at the other
side of the classroom. Noise and seat placement can also interfere with a child’s ability to
hear other children’s questions and answers.
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Table 5.12 Definitions of Terms Used in Acoustics

Acoustic Term

Definition

Sound intensity is measured using a filter to exclude some low frequency and very
high-frequency sounds—to mimic the way the human ear perceived sound

Wl T dBA is used in occupational noise measurements
Measured in dBA, dBB, dBC

Pure tone Variations of pressure occur at only one frequency—few real-world pure tones, but
used in hearing testing

Spectrum Describes sound as a function of frequencies and intensities

Sound level Used to describe intensity or loudness of sound in general

Sound pressure

Used to describe sound levels measured by a measuring device (sound level

level (SPL) meter [SLM])
Hearing level Used when describing decibel levels produced by an audiometer. Calibrated to
(HL) human hearing frequency sensitivities

Time-weighted
average

Average exposure level for the day adding up the amount of time spent at each
noise level if the noise exposure levels fluctuate

Usually measured by a dosimeter, usually normalized to 8 hours

OSHA and MSHA use 5 dB exchange rate—NIOSH and most European countries
recommend 3 dB exchange rate

Permissible
exposure level
(PEL)

A weighted sound level for a particular time (usually 8 hours)
Accumulates to 100% noise dose

Recommended
exposure level
(REL)

The amount of noise exposure recommended by NIOSH for particular time (usually
8 hours) is 85 dBA for continuous noise and 140 dBP for impulse noise. These
recommendations acknowledge adults with over a 40-year lifetime exposure 8%
may experience hearing loss whereas exposure at 80 dBA only placed 3% of the
population exposed at risk for material hearing loss. This author adopted the more
conservative REL for children although more research is needed to understand the
physiological effects of continuous and impulse noise on the ears and hearing of
children

Time-weighted
average

Average exposure level for the day adding up the amount of time spent at each
noise level if the noise exposure fluctuates

Exchange rate

Relationship between permitted noise exposure levels and the exposure durations
Sometimes called the time—intensity tradeoff, trading ratio, or doubling rate

Noise dose

Allowable noise exposure at any particular point in time
Considers PEL for an 8 h day AND the 3 dB exchange rate

For example:

For Adults TWA 85 dBA for 8 h = 100%; TWA 88 dBA for 4 h = 100%; and

TWA 91 dBA for 2 h = 100%. For children using the REL of 80 dBA. TWA 80 dBA for
8 h = 100%; TWA of 83 dBA for 4 h = 100%; TWA of 86 for 2 h = 100%; and TWA of
89 for 1 h = 100%

* These values are more conservative than those recommended for adults by the
Occupational Safety and Health Act where 25% of the population is predicted to
experience some degree of hearing loss over a 40 year worklife using a 5 dB
exchange rate
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Appendix C: Resources

WEB SITES, ORGANIZATIONS, PRODUCT SOURCES

The following list of helpful Web sites and organizations that offer resources, products, stan-
dards, classroom lesson plans, ideas, and activities. It is not comprehensive but intended to
serve as a starting point for teachers, parents, children, teenagers, and anyone interested in
healthy hearing.

Organization Web Address Phone Resource Description

Hearing conservation video descrip-
tions and reviews; hearing protection
devices, hearing loss, and tinnitus
simulation CD.

Aero Technologies www.aearo.com 317-692-6666

Information on hearing loss:

Academy of Dispensing | www.audiologist.org/consumers/ awareness, prevention, research &

866-493-5544

Audiologists resources.cfm disease, find an audiologist who
dispenses state-of-the-art hearing aids.
http://asa.aip.org Class_room Ac_oustics_ I, A resource for
’ R creating learning environments with
Acoustical Society of | hitp://asa.aip.org/classroom.htm| 631-390-0215 | desirable listening conditions;
America http://asa.aip.org/classroom/booklet.html Classroom Acoustics Il, Acoustical

Barriers to Learning; New Classroom

http://asastore.aip.org Acoustics Standard.

American Academy of
Audiology

Information, posters, brochures,

www.audiology.org 800-AAA-2336 audiocassette (Say What?).

; ; Hearing, noise, and hearing protection
www.entnet.org/healthinfo/hearing/

American Academy of noise-hearing.gfm 9 information (Web and brochures);

Otolaryngology—Head 703-836-4444 | videos (sensorineural hearing loss

and Neck Surgery http://www.entnet.org/kidsent/content/ and tinnitus); classroom aids for
accessinfo/consumer/consumerbros.htm children with hearing loss.

www.aiha.org/
GovernmentAffairs-PR/html/ 703-849-8888
publicrelations.htm#oor

American Industrial
Hygiene Association

Consumer brochures, noise aware-
ness, and hearing loss information.

Hearing information and noise

LA B brochures, sponsor of Better Speech

Ill.\angu?gg and Hearing | www.asha.org/public/hearing 800-498-2071 and Hearing Month (MAY) Web site
ssociation .

for kids.
American Tinnitus Hear for a Lifetime; teacher training
Association www.ata.org 503-248-9985 video, | love what | hear video.

(continued)
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Appendix C: Resources (Continued)

Organization

Web Address

Phone

Resource Description

Audiology Awareness
Campaign (AAC)

www.audiologyawareness.com

888-833-EARS
(3277)

Not for profit multiorganizational
foundation dedicated to educate
public about value of hearing. Free
brochures, free earplugs, awareness
posters, public service announcement
videos, online hearing test, hearing
related articles, find an audiologists.

Better Hearing Institute

www.betterhearing.org

703-684-3391

Noise awareness information, posters,
brochures, video (people vs. noise),
better speech and hearing month
materials.

Caldwell Publishing
Company

www.caldwellpublishing.com

800-284-7043

videos (Human Hearing, Vols. 1-4).
very detailed auditory anatomy.

Classroom Acoustics

www.classroomacoustics.com

Not applicable

Home page for classroom acoustics
with links to Federal Register.
Resources, issues, news, sugges-
tions, noise busters information.

Classroom Acoustics
in New Construction
(Guidelines)

www.quietclassrooms.org/library/
guide.htm

Not applicable

Guidelines for Classroom Acoustics in
New Construction based on a 1997
Acoustics and Learning Workshop
(http://www.quietclassrooms.org/
library/dec97shp.htm).

Colorado State
University Fort Collins,
CO 80523-1875

http://littleshop.physics.colostate.edu

970-491-6206
fax:970-491-7947

CSUs Little Shop of Physics devel-
oped a number of FUN physical
demonstrations to communicate a
variety of fundamental concepts.

Council for
Occupational Hearing
Conservation

www.caohc.org

414-276-5338

Provides adult education, information
and guidance to industry and those
serving industry regarding the
successful implementation of an
occupational hearing conservation
program. Occupational Hearing
Technician Accreditation, Hearing
Conservation Manual.

www.hearingconservation.org

303-224-9022

GREAT elementary, middle, and high
school adaptable curriculum;
activities, descriptions.

Deafness Research
Foundation: Hear US
(National Campaign for
Hearing Health)

http://drf.org

866-454-3924
703-610-9025

DRFs National Campaign for Hearing
Health, a multi-year public education,
government relations, and advocacy
initiative to ensure that all Americans—
especially children—will benefit from
these breakthroughs. By advocating
for detection, prevention, intervention,
and research. The campaign promotes
a lifetime of hearing health for all
America: baby, children, teen, adult,
and seniors.
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Appendix C: Resources (Continued)

Organization

Web Address

Phone

Resource Description

The Ear Foundation

www.earfoundation.org

800-545-HEAR

Hearing related activities and
information. Interactive Ear Anatomy
on Web.

Educational Audiology
Association:

www.edaud.org

(800) 460-7322

Hearing, noise and classroom informa-
tion & videos (classroom acoustics:
Listening vs. Learning); Find an
educational audiologist feature if you
need help to coordinate hearing
screening programs and provide
community awareness about hearing.

Gallaudet University
National Information
Center on Deafness

www.gallaudet.edu/

202-651-5050

Hearing related activities and
information.

Healthy Hearing

www.healthyhearing.com/
healthyhearing/newroot/default.asp

Not applicable

General consumer information,
testimonials, articles.

Hearing Education and
Awareness for Rockers
H.E.A.R.

www.hearnet.com

415-431-EARS
(3277)

Noise awareness information,
resources for musicians, video: Can't
Hear you Knocking.

Hearing is Priceless
(HIP) HIP Talk House
Ear Institute

www.hei.org/htm/hipstart.htm

213-483-4431

Prevention curricula (elementary,
middle, and high school) quizzes,
diagrams, evaluations, video (hip talk
with demo of simulated hearing loss).

Howard Leight

www.howardleight.com

800-327-1100

Hearing related activities and
information, posters, hearing protec-

Industries tion devices, ear model, brochures,
video (Maxman, Defender of Hearing).
Active physics; medical text with

It’s About Time www.its-About-Time.com 888-689-8463 | information on hearing and hearing

loss, classroom activities.

International Institute
of Noise Control
Engineering—US INCE

www.i-ince.org
www.inceusa.org

Fax
515-294-3528

Noise and acoustic information. A
worldwide consortium of organizations
concerned with noise control,
acoustics, and vibration. The primary
focus of the institute is on unwanted
sounds and vibrations.

JeopEARdy

Acoustical Testing Laboratory
Web site at

WWww.grc.nasa.gov/www/acousticaltest/
hearingconservation/resources/
jeopeardy.htm

and look in the section on Hearing
Conservation for the Auditory
Demonstrations Il

on-line request form.

Not applicable

Interactive multimedia hearing conser-
vation training resource via a Microsoft
PowerPoint file (accompanied by
additional linked files containing sounds,
videos, and other resources) that can
be used as a unique interactive “game”
by hearing conservationists. This
resource may be used either in its basic
(“ready-to-use®) form, or it can be
customized to meet specific needs of
the audience and instructor.

(continued)
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Appendix C: Resources (Continued)

Organization Web Address Phone Resource Description
Information, posters, brochures.
Educational anti noise program, hands
on multimedia program with lesson
League for the Hard of - ) . >
A o 888-NOISE-88 | plans including activities, VHS video
:g?gg? SLORNIAL www.Inh.org/noise/index.htm 917-305-7700 | (Stop that Noise), weekly reader quiz,

audiocassettes (Unfair Hearing Test),
handouts for teachers and students.
Developed by Lea.

Military Audiology
Association Operation
BANG (Be Aware of
Noise Generation)

www.MilitaryAudiology.org/bang/index.
html

Not applicable

Curriculum; activities description;
material lists

Musician’s Earplugs

www.grc.nasa.gov/acousticaltest/
www.audiologyawareness.org
www. audiology.org

www.etymotic.com/pro/emlas.
aspx(authorized earmold labs)

Wwww.grc.nasa.gov/www/acostics/education

Not applicable

Find a licensed audiologist familiar
with custom or ready fit musician’s
earplugs on the AAC or AAA Web site
or in the phone directory.

Ensure the acoustic integrity by ordering
from an authorized earmold lab listed on
the Web site.

NASA Center Operation
of Resources for
Educators & NASA
Glenn Research Center
Acoustical Testing
Laboratory

www.core.nasa.gov (Videos)
http://acousticaltest.grc.nasa.gov (CDs)
www.osat.grc.nasa.gov

(info, activities, Web site dB chart)

866-776-2673

NASA CORE Connect Video Series
Program 5: “Quieting the Skies”
(#099.20-05) NASA Glenn—Auditory
Demonstrations CDs (Vols. | and Il)
Great auditory demonstrations and
simulated hearing loss in spacecraft
interiors, automobile passenger
compartments, aircraft.

National Clearinghouse
for Educational
Facilities

www.edfacilities.org/rl/acoustics.cfm

Not applicable

Annotated list of links, books, and
journal articles on classroom
acoustics.

National Hearing
Conservation
Association (GREAT
RESOURCE!)

www.hearingconservation.org/

303-224-9022

Links to: Crank it Down; Operation
BANG (Be Aware of Noise
Generation); Sounds like Fun
Program; Dangerous Decibels; CSU
Little Shop of Physics; Noise Destroys
Educational Programs for various age
groups.

National Institute on
Deafness and Other
Communication
Disorders (NIDCD)
NIDCD Information
Clearinghouse WISE
Ears Campaign

www.nidcd.nih.gov/health/education/
index.asp

www.nidcd.nih.gov/health/wise
(Wise Ears)

800-241-1044

Hearing related information, educa-
tional resource guide, classroom
activities, video (I love what | hear),
online videos, online games, surveys,
and activities. visit the kids and
teachers page; play with the interac-
tive sound ruler; hear 30 s radio spots.

National Institute for
Occupational Safety
and Health (NIOSH)

www.cdc.gov/niosh/topics/noise

800-35-NIOSH

Publications and other information on
work-related hearing loss. General
issues, such as practical guides to
preventing hearing loss, and specific
issues, such as noise levels in teen-
related work environments (fast food,
lawn care, etc.).

Noise Pollution
Clearinghouse

www.nonoise.org/

888-200-8332

Noise awareness information, noise
news, community and classroom
information, teaching students sound
hygiene.
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Appendix C: Resources (Continued)

Organization

Web Address

Phone

Resource Description

Occupational Safety &
Health Administration
(OSHA)

www.osha.gov/dts/osta/otm/noise/

index.html

800-321-OSHA
(6742)

This new tool offers practical informa-
tion to help eliminate hearing loss for
millions of workers who are exposed
to high noise levels on the job. Offers
tips for teen workers exposed to
hearing hazards.

Oregon Hearing
Research Center
Dangerous Decibels

www.dangerousdecibels.org

888-674-6674
503-494-4649

Museum, traveling exhibits, elemen-
tary, middle and high school curricula,
teacher training.

Perry Hanavan/
Augustane College

www.augie.edu/perry/

605-361-5251

Virtual ear tour, comprehensive
anatomical illustration Web sites.

Lesson plans on noise, hearing, and
classrooms. Video (Future of Our

PBS www.pbs.org/teachers Not applicable Schools: Inside and Out—1 h). Public
awareness of classroom acoustics.
PBS http://pbskids.org Not applicable Kids site. Information on noise, sound,

and hearing. Great site!

Hearing Loss
Association of America,
Formerly Self Help for
Hard of Hearing People
(SHHH): Operation
SHHH

www.hearingloss.org

301-657-2248

Posters, brochures, standing noise
thermometer, videos (Operation
SHHH with SHHHerman and The Lion
That Does Not Roar).

Sertoma International
Quiet Please

www.sertoma.org

816-333-8300

Posters, brochures, videos (For Your
Ears Only and Listen Up!) information.

Sight and Sound
Association: Know
Noise

www.sightandhearing.org

800-992-0424
651-645-2546

Teacher resource guide; posters,
pamphlets, virtual ear model on Web;
video (Know Noise), audiocassette
(Unfair Hearing Test); lesson plans,
activities, illustrations, and transparen-
cies for third to sixth grade. Know
Noise video (1993-14 min),
supplemental.

Sound Distributions
Systems

www.audioenhancement.com
www.comtek.com
www.lightspeed-tek.com
www.phonicear.com
www.sennheiser.com
www.telex.com/hearing
www.williamssound.com

see individual
vendors

Vendors offering sound distributions
systems.

(continued)

179



Ergonomics for Children: Designing products and places for toddlers to teens

Appendix C: Resources (Continued)

Organization

Web Address

Phone

Resource Description

The Soundry (Think
Quest)

http://library.thinkquest.org/19537

866-600-4357

Interactive and educational Web site
about sound. Covering everything
from the most basic concepts of what
sound actually is to the specifics

of how humans perceive sound
(developed by students).

Teachers.net

www.teachers.net/lessons/posts/1726.
html

858-272-3274

Elementary student lesson plans.

Think Quest—Oracle
Education Foundation

www.thinkquest.org/

866-600-4357

Think Quest, an international Web
site-building competition, sponsored
by the Oracle Education Foundation.
Teams of students and teachers build
Web sites on educational topics
including hearing and noise.

US Architectural and
Transportation Barriers
Compliance Board

(or Access Board)

www.edfacilities.org/rl/acoustics.cfm
www.edfacilities.org/acoustic/index.htm

www.access-board.gov/adaaqg/
about/bulletins/als-a.htm

202-272-0023
604-279-7408
800-872-2253

Acoustics online coursework,
presentations by architects, interior
designers, and engineers.
Manufacturers of acoustical materials
develop and sponsor seminars on
acoustical issues and publish guides
and manuals for design professionals.

Workers’
Compensation Board of
British Columbia

www.worksafe.bc.ca

604-276-3100
604-276-3068
888-621-SAFE

Excellent video (The Hearing Video)
demonstrating how toxic noise can
damage inner ear hair cells.
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INTRODUCTION

The worldis changing, and these changes cause us torevisitmany of our long-held assumptions.
Children are subject to quite different sensory, cognitive, and physical demands than they
have faced before.

Today’s children are also different from previous generations in many countries. They are
often taller, heavier, and less fit. Many children (particularly girls) are experiencing puberty
earlier than previous generations, which can impact their potential for musculoskeletal pain
and disorders.

New technologies and new methods can introduce ergonomic risks. We do not know
what ergonomic risks we are exposing children to and what the impact of exposure may
mean.
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Although it is obvious that cognitive changes
through childhood are quite dramatic, many
assume the physical risk factors bear some
correspondence to those adults face. Many
also assume children risk incurring the same
sorts of musculoskeletal disorders that adults
experience intoday’s workplaces—despite strong
evidence to the contrary. In addition, certain
ergonomic risk factors may have consequences
that are more serious for children than for adults.

Our language may also lead to confusion.
Despite having one name, childhood is a dynamic
process of moving through a number of stages,
each with its own characteristics and risk factors
that affect physical development and well-being.
While other chapters in this text have addressed
many issues on this topic,* the aim of this chap-
ter is to revisit physical development and risk of

musculoskeletal disorders.
Figure 6.1 (Ursy Potter Photography)

GROWTH AND DEVELOPMENT

BODY SIZES

American and European children are taller
(Juul et al., 2006) more overweight (Table 6.1),
and less fit than their predecessors. Traditional
assumptions about children’s developmental
stages of growth do not always reflect differ-
ences between nations and cultures (Bass
etal., 1999).

Children’s developmental patterns  of
growth are changing as well. Such changes
in the onset of puberty have design implica-
tions. For example, children who are getting
taller require higher seats. Those who are
wider (heavier) require deeper and wider
seat pans. Nations where children experi-
ence puberty at an earlier age have a greater
need for postural support than previous

generations.’ .
Figure 6.2 (Ursy Potter Photography)

* While all of the chapters in this book address children’s development, specialized examples of development can be found in the following chapters:
Chapter 2 (Child development); Chapter 3 (Anthropometrics); Chapter 4 (Vision); Chapter 7 (Physical fitness); Chapter 8 (Injuries); Chapter 14
(Warnings); Chapter 21 (School furniture); and Chapter 26 (Wayfinding).

" Please see Table 6.2 (Developmental changes of the spine), Table 6.3 (Musculoskeletal injures), and Table 6.6 (Back pain among children).
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ONSET OF PUBERTY: Although boys and girls exhibit a similar rate of growth through most of
childhood, that changes during upon and during puberty. Girls in Europe and the United States
are attaining puberty at an earlier age than previous generations (Biro et al., 2006; Juul et al.,
2006). Given that the onset of puberty has a dramatic effect on the rate and pattern of growth
and development (Table 6.3), understanding these developmental patterns is critical when
considering ergonomic risk factors that children experience.

Girls who are heavier* seem to undergo puberty earlier than their thinner counterparts
(Biro et al., 2006; Juul et al., 2006; Trentham-Dietz et al., 2005). US children (who tend to
be heavier) experience puberty a full year before schoolchildren in Denmark, who tend to
be thinner (Juul et al., 2006).

Left-handed girls have been found to experience menarche a year before right-handed
girls (Orbak, 2005). Early onset of puberty is associated with greater risk of musculoskeletal
disorders (see Tables 6.2, 6.3, and 6.6). Given that left-handed girls are already at a dis-
advantage in our right-handed world, these children may need particular postural support
in their early adolescence.

Prevalence of overweight among
OBESITY: The number of children and adolescents ages 6-19 years

overweight and obese :Oefcem
children aged 6-19 years

hasincreased dramatically
over the last two decades,
but appears to be leveling

off (Hedley et al., 2004) el R ST T 7
(Table 6.1). 55 . 6

The increase in obesity 5 oy ——— - - ~ n
is not exclusive to the United ’_l
States, although children 0
in the United States are 1963-70 1971-74 1976-80 1988-94 1999-02

Age in years 16 16
15~—[0611 MWi1219 ———————————+ -

among the heaviest. While

hild 9 h o Table 6.1 Prevalence of Overweight US Children and Adolescents
chilaren are heavier in many Aged 6 to 19 years, from 1963-1965 through 19992002
countries, the national rate NHANES

Ofinoreasein WeightvarieS.T Age 1963-65 NHANES | NHANES | NHANES | NHANES
For example, while children (Years) 1966-70 1971-74 | 1976-80 | 1988-94 | 1999-2002
in the United States are 6-11 4% 4% 7% 11% 16%
heavier than British children, 1219 5% 6% 5% 1% 16%

British children seem to be Note: There continue to be disparities in rates between boys and

gaining weight faster than girls, and between racial and ethnic groups (Hedley et al.,

children in the United States 2004)°

(Smith and Norris, 2004; 2 For more detailed estimates, see Hedley et al. (2004) and Ogden

also see Reilly et al., 1999; et al. (2002). Data for 1963-65 are for children 6 to 11 years of age;

Reilly and Dorosty, 1999) data for 1966-70 are for adolescents 12 to 17 years of age, not 12
' ' to 19 years

b www.cdc.gov/nchs/products/pubs/pube/hestats/ovrwght99.htm

* That is, they have higher body mass index (BMI) scores.
" NHANES (2002) provides nationally representative data of the US child population. The NHANES III survey measured children aged from 2 months to
18 years. These are the most recent, available data on US stature and weight (DHHS, 2000). See also www.cdc.gov/growthcharts.
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DEVELOPMENTAL CHANGES

It is helpful to understand the implications of how children develop and mature (Table 6.2),
when designing for children. These considerations include:

1. Allow for children’s different patterns of growth at different ages (Bass et al., 1999).
a. Younger children tend to grow more in their extremities.
b. Adolescent growth (following puberty) largely affects the spine.

2. Accommodate movement through a range of neutral postures for all children.
a. Allow children to move freely through a range of good postures.
b. Encourage neutral postures.

. Although the ideal posture may change somewhat as children mature,* they
are also developing postural habits that should help protect them when
they are adults.

. ltis very difficult (nigh impossible) to teach adults to “unlearn” bad postural habits.

3. Some children need particular postural support:
a. The end growth plates of young children’s bones are soft and vulnerable
increasing the risks associated with awkward postures.t

« During childhood, up until the ages of 8 to 10, children’s spine is in growth
periods, children are playing “catch up.”

. Some vertebrae of children tend to be more wedge shaped until around their
7th or 8th year, when they begin to differentiate and square off.

b. Adolescents (particularly girls) experience increasing risk of back and neck pain.

. Inthe early stages, the spine grows quickly, adding length without adding
mass; in the mid stage, increasing in volume, and in the later stages, increasing
in density.

4. Children’s optimum viewing distance and viewing angles change through childhood*
a. Before adolescence, about one out of five cervical spines is kyphotic (Dormans, 2002).
Unlike adults, this is considered normal.

Figure 6.3 (Photos and drawing by Noro Seating Research Labs)

At birth, the spine is C-shaped. The spine does not develop the S-shape, which we associate
with the spine, until puberty (see Table 6.2). These age-related changes affect design
solutions. Above, an adolescent in Japan sits on a contoured Zabuton mat designed to
reinstate the natural curve of the low back.

* Please see Table 6.4 about children’s developmental stages.

 Bass and Bruce (2000) note “in children, most ligaments are attached to the epiphyses (growing ends of bones) above and below. This anatomical arrange-
ment concentrates forces on the physis (horizontal growth plate). While low-velocity trauma can result in ligamentous injury, high-velocity trauma is more likely
to result in physeal disruption, because forces applied rapidly do not allow time for ligaments to stretch”

¥ Please see Chapter 4 of this book on children and vision.
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Figure 6.6 (Ursy Potter Photography)
If one “tips” a child to the side, the child performs an innate, but
sophisticated postural response:

1. Righting reactions

Righting reactions* involve lifting the head to re-align oneself
upright. These are reflex actions that keep the head and body
in an upright and “normal” position.

2. Equilibrium reactions
Equilibrium reactions help children maintain their balance and
center of gravity."
Generally, righting and equilibrium reactions should be
integrated by the age of 3.

3. Core muscle development
The core muscles are located around the “core” or center of
the body. These stabilize the body during static and dynamic
activities. Children with low core-muscle strength may need

to lean back to counterbalance themselves when trying to hold
objects at arms length in front.

Core muscles are essential to good posture; strong core muscles
may help prevent back pains where the causes are not known.

*The five types of righting reactions include labyrinth righting, body-righting (acting on the head), neck-righting, body-righting (acting on the body), and
optical righting.
" Equilibrium reactions include protective reactions of the arms and legs, tilting reactions, and postural fixating reactions.
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Table 6.2 Child and Adolescent Changes in the Spine

Design Implications

1. Children’s rate of growth begins to stabilize after their second
year of infancy, then continues at about the same pace until
the growth spurt that follows the onset of puberty (Kiczmarski
et al., 2000).

2. As puberty approaches, growth velocity slows (preadolescent

dip) and then accelerates during mid-puberty, where it

. Puberty is associated with an increase in weight.
Children gain 50% of their adult weight in adolescence. Girls often
experience weight gains before the growth spurt, whereas boys
generally gain weight during this time.
4. There is considerable variability in rates of growth between
children of the same age.
A better predictor is the child’s maturity relative to their age?
(Spear, 2002).

Rates of Growth
w

compares with the rate of growth during infancy (Spear, 2002).

» High growth periods following

the onset of puberty deserve
particular concern.

These years are character-
ized by rapid changes in
body length and weight.

Age is a poor predictor of a
child’s size.

1. Growth is a dynamic process.

A child’s pattern of growth and maturation reflect an interplay
of dynamic processes between body components and at the
molecular, cellular, and somatic levels.

2. Age

a. Childhood
- Boys undergo longer periods of growth before reaching
adolescence (Spear, 2002).

» Before puberty, the legs grow more rapidly than the
trunk (Bass et al., 1999).

b. Adolescence
Adolescents undergoing their peak increase in height are
at greater risk of low back pain.?

Pattern of Growth

« During puberty, teenagers gain about 15% of their
ultimate stature and 45% of their final skeletal mass
(Spear, 2002).

« The growth spurt among adolescents is largely in the
torso (Bass et al., 1999).

- Boys experience their peak rate increase in height and
weight (velocity) at the same time.

- Boys attain a greater peak velocity growth in height.

- In girls, their peak weight velocity is six to months
before the rapid increase in height.

Both the rate of growth and
the relative growth of body
parts differs between children
and adolescents following
puberty.

High-growth periods such as
in late adolescence deserve
particular concern.

Boys undergo longer periods
of growth before reaching
adolescence.

@ Based on the Tanner’s (1978) stages of sexual maturity. This example from Spear (2002) may be instructive:
“In boys, a faint but noticeable mustache at the corners of the lip corresponds to sexual maturity rating. This is
the beginning of the peak height velocity, the time when he will need the peak in energy and nutrient intake.”

& In their review of the research, Duggleby and Kumar (1997) concluded that two types of adolescents are at
risk for low back pain. The first group represented adolescents at the peak of the growth spurt who compete
in sports and train for more than 15 hours a week. The second group represents adolescents just past the

growth spurt who tended to be inactive and might smoke.

(continued)
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Table 6.2 Child and Adolescent Changes in the Spine (Continued)

Design Implications

Interplay between components
» Bones are soft and the relationship between child bones and
muscles changes over time.

« Unlike adults, children’s spines (intervertebral discs) can
actively “feed” on nutrients and eliminate waste.

« Each bone surface has a unique development pattern.

- Developmental differences appear to vary by regions, affecting
bone development in ways that may predispose children living
in some regions to specific deficits in bone size, content, and
density.°

« Injuries of the spinal cord in children tend to occur at different
sites on the spine than similar injuries in adults.

Age
Most bone mass is accrued during childhood and adolescence—
particularly during puberty (Arikoski et al., 2002).

Yet, age is a poor predictor of growth. There is a complex
interaction between the child’s age, height, weight, rate of
growth, and age of onset of puberty (Warner et al., 1998).¢

1. Childhood

Young children’s bones grow in volume and mass, but to a
lesser extent than during adolescence (Arikoski et al., 2002).

Bone Development

» The end growth plates of young children’s bones are soft
and vulnerable, increasing the risk of awkward postures.

« Some vertebrae of children tend to be more wedge shaped
until around their 7th or 8th year, when they begin to
differentiate and square off.

2. Early adolescence

« Bones and spine are weak and vulnerable; tendons,
ligaments, and muscles are still developing.

« Growth plates are often in overdrive; bones and spine grow
much longer without substantially adding mass.

3. Mid-adolescence

» The spine increases in volume without a corresponding
increase in mass.

4. Late adolescence
Child spines “catch-up,” increasing mass as growth slows.

« Young children are at greater
risk because their bones are
still developing.

» Adolescents (after puberty)
are at risk because they are
playing “catch up.”

¢ Bass et al. (1999) report that each bone surface has a unique developmental pattern that appears to be
specific to the region where the child resides. These may affect the differing tempo and rate of growth in
bone size and mass and direction of growth of the periosteal and endocortical surfaces, and the differing

tempo of growth of the axial and appendicular bones.

4 Complex interaction also includes, hormones (Alexy et al., 2005), obesity, gender and nutrition—notably
protein (Alexy et al., 2005), calcium, and vitamin D. Consumption of sodas has been found to adversely
affect bone mineral content accrual in girls, but not boys. Some, but not all, studies found differences
between children of different ethnic origins and race, which largely attributed to differences in bone size.
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Table 6.2 Child and Adolescent Changes in the Spine (Continued)

Design Implications

Lumbar Curve

Contours of children’s low back

The spine is “C-shaped” at birth. Young children lack
low back (lumbar) curves, which largely develop during
adolescence following puberty.

Flexibility of the spine

a. Development
The lumbar spine in boys and girls begins to stiffen from
ages 15 to 18 (Burton et al., 1996; Haley et al., 1986).
The range of motion and overall flexibility of the low back
increases with age, for both children and adolescents,
stabilizing around the 15th year (for boys), and a bit earlier
for girls (Burton et al., 1996).

b. Girls and boys differ
Girls’ lumbar spines are more flexible than those of boys
(5 to 9 year olds, Haley et al., 1986).
Girls exhibit a greater range of lumbar extension than
boys and adults.

« Children and adults differ in
their need for lumbar
support.

Cervical Spine (Neck)

Children under 8 years have more neck motion.

Ligaments are more lax, muscles are weaker, the orientations
of the shallow bony protrusions of vertebra (facet joints) and
cartilage have not ossified, etc. (Dormans, 2002).

Young children’s vertebrae are more wedge shaped.

By their 8th year, the cervical spine approaches the size,
shape, and vertical orientation of adults as their vertebra
gradually lose their oval or wedge shape and become more
rectangular (Dormans, 2002).

Before adolescence, about one out of five cervical spines is
kyphotic. Unlike adults, this is considered normal.

« Children of different ages
have differing requirements
for viewing angles and
distances.

Gender

Girls reach puberty before boys.

Before puberty, boys and girls tends to have similar amounts of
lean body mass and fat to lean body mass ratios (about 15%
for boys and 19% for girls) (Spear, 2002).

Following puberty, boys gain more lean body mass and
proportionately more muscle than fat. Among boys, lean
muscle mass doubles between the ages of 10 and 17 years.

« Until the onset of puberty,
boys and girls have similar
rates of growth.

- After puberty, the differences
between genders are greater
meaning a greater range of
design sizes is needed.

(continued)
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Table 6.2 Child and Adolescent Changes in the Spine (Continued)

Design Implications

» Adaptable products and
environments that encourage

. These tradeoffs vary at different ages. a range of age-appropriate
postures and movements.

« Postural support and freedom of movement often conflict.

Movements

MUSCULOSKELETAL SYMPTOMS

Children report high rates of pain and discomfort, particularly at the neck and lower back.”
Adults may ignore their children’s reports of symptoms for a variety of reasons.
Adults may assume that:

. children are adaptable

« children will “grow out of it”

« everyone has an ache or pain
. children exaggerate

. if left alone, it will resolve itself

Figure 6.7 (Valerie Rice)
Children—particularly adolescents
and girls—report high rates of
musculoskeletal discomfort,
particularly for the neck and back."
Children who report pain are
more likely to experience pain or
report symptoms as young adults.
Such symptoms may impair children’s
short-term and long-term well-being.

* For a summary of much of the research literature on children and back pain, please refer to Table 6.3.
T Please see also Table 21.2 about schoolchildren and school furniture.
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Never take children’s pain for granted:
1. Discomfort and pain adversely affects children’s ability to function.

« Children who report discomfort often have more difficulty in performing
life functions, are more tired, and less healthy and happy.

« Medical evaluations have determined that many children and
adolescents who report pain also experience medical disorders.

2. Pain symptoms may also signify problems that affect the child’s long-term
well-being.
« Many researchers suggest the strongest predictor of future back pain is
having experienced symptoms in the past. Back pain in children appears
to increase the risk of back pain during adulthood.

« As children enter and progress through adolescence, their symptoms
often become more frequent and intense. Discomforts in specific
body-parts often become more generalized as these progressively
affect adjacent body parts.

3. Children who report pain are more likely to experience pain or report
Symptoms as young adults.

4. Discomfort hinders learning (Evans et al., 1992).

Static postures may introduce new sources of distraction and discomfort
can interfere with a child’s ability to learn.

It is helpful to understand the implications of discomfort symptoms in light of how children
develop and mature.

Even if child symptoms seem similar:

1. Children and adults may exhibit the same symptoms despite having entirely unrelated disorders
that reflect differences in their ages (Burton et al., 1996).
For example, similar complaints may suggest a tendon disorder in an adult but a disorder affecting
the growth plates of a child’s bones.

2. Children and adults may experience the same disorder, but the implications of these disorders may
differ considerably due to age-related differences.
That is, the same disorder may be more hazardous for growing children. For example, back pain in
children may deserve particular concern for children, whose bones are still developing.

3. Exposure to the same ergonomic factors may be differentially affected by the person’s age.
That is, the same exposure may affect children and adults differently.
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Ergonomics for Children: Designing products and places for toddlers to teens

Ergonomics and Safety as Related to Physical Pain and Injury

Considerations Ergonomic and Safety Implications
1. Pain in children is often referred (Bass et al., Ergonomics
1999?- ) o 1. Design exercise and sports programs that
a. Hip pain may signify back problems. a. build a child’s bones and muscles
b. Knee pain often signifies hip problems.? progressively and
2. High-growth periods such as in late b. permit rest periods between exercise
adolescence deserve particular concern. sessions to permit bone remodeling and
3. Bone fractures are often subtle and difficult to muscles to repair.
sp_ine can have serious spinal abnormalities a. Include backrests to support children’s
(Lipton et al., 2001). spines, particularly during late adolescence
5. Damage to the growth plates at the ends of b. Provide adjustable furniture, supplement
bones are particularly important and require back supports, or change furniture as
immediate attention. children physically mature
6. See Table 6.4, classes of growth bone fractures
(Bass and Bruce, 2000; Salter and Harris, Safety
1963). 1. Do not ignore a child’s report of pain.

2. Do not assume based on experience with
adults; the child’s pain may reflect something
different from that experienced by an adult.

3. “When in doubt, check it out.”

4. Pay particular attention to injuries that may
involve growing ends of bones (growth plates).

5. Recognize that children often have difficulty
communicating the nature of their symptoms
and that they experience referred pain.

« A trained professional or physician is often
needed to pinpoint the problem (Payne and
Ogilvie, 1996).

Injuries may be more severe than they appear.
Injuries may be quite different than they seem.
Injuries may have greater consequences than may immediately be apparent.
Pain may indicate abnormalities rather than injuries.

@ Further, damage to the slipped capital femoral epiphysis (SCFE) of the hip often presents as knee pain
(Bass and Bruce, 2000).

202



Physical development in children and adolescents and age-related risks

OVERUSE SYNDROMES

Overuse syndrome* is a name given to a number of conditions that affect soft tissues,
particularly the muscles, tendons, ligaments, and nerves. The condition is characterized
by discomfort and persistent pain that becomes more regular and stronger as the disorder
progresses. Risk factors for this disorder include constrained and awkward postures,
repetitive or forceful movements, vibration, and cold.

Overuse syndromes have become quite prevalent among adults at many workplaces.
Perhaps the most commonly recognized of these disorders is carpal tunnel syndrome
(CTS). This has caused many people to assume that children who use computers are at
similar risk of the same disorders.

This does not appear to be the case at this time. Although many children are at risk of
acquiring an overuse disorder while (for example) playing competitive sports on a regular
basis, there is scant evidence that children experience the same sorts of disorders that
adults experience.

This is not to suggest that children are not at risk of these disorders. Many of our
common assumptions about children’s degree of risk and the risk factors associated with
these disorders appear to be unfounded.’

This also does not suggest that children are free of discomfort. On the contrary,
most studies have found that children report high rates of back and neck discomfort and
pain (see “Back Pain” and Table 6.3). However, such symptoms appear to be quite different
from those of adults and may result from different risk factors.

CARPAL TUNNEL SYNDROME?*: Carpal tunnel syndrome (CTS) is rare among children.
In their review, Van Meir and De Smet (2003) note that only 215 cases of CTS (total) have
ever been reported in the research literature. Research on pediatric CTS typically describes
individual and unusual cases (Alfonso et al., 2001; al-Qattan et al., 1996; Bona et al., 1994;
Coessens et al., 1991).

Children and adolescents also present different charac- £ .

e . « Ensure that children who
teristics than do adults. Most published cases of CTS have report even modest
been attributed to genetic disorders, such as relating to the complaints such as
shape of the carpal tunnel (Van Meir and De Smet, 2003 & CLUTIEIrEES EIE SEElires,

) wrist or hand pain receive
2005; Goldfarb et al., 2003). prompt medical attention.

To date, research is lacking that suggests that children Provi .

, i « Provide a thorough review
develop CTS from typing on a computer, in the same way of the family history.
that adults do. While there have been anecdotal reports

from Britain about children at risk from performing text messaging,’ the research literature
has not yet substantiated their findings. CTS is more commonly caused by genetic and
metabolic disorders? and less commonly by impact forces such as sports injuries when
seen in children.**

* Also referred to as Cumulative Trauma (CTDs) and Repetitive Strain Injuries (RSIs).

" Bright and Bringhurst’s (1992) warning about “Nintendo elbow” based on one case of a 12-year-old boy did not herald a wave of such injuries in the 15 years
that followed it.

¥ Detailed reviews of the research on Carpal Tunnel Syndrome among children are available from Goldfarb et al., (2003); Haddad et al. (1996); Lamberti and
Light (2002); Van Meir and De Smet (2005); and Van Meir and De Smet (2003).

S See for example, BBC (2002); Narain (2005); and Potter (2006).

! See, for example, Danta (1975), De Smet and Fabry (1999), Kayali et al. (2003), Musharbash (2002), Sanchez-Andrada et al. (1998), Unal et al. (2003), Yensel
and Karalezli (2006) and Van Meir and De Smet (2003, 2005).

** See for example, Lamberti and Light (2002), Martinez and Arpa (1998) and the review by Van Meir and De Smet (2003).
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RAYNAUD’S PHENOMENON: Although Raynaud’s is rare
among children, it more commonly affects girls (Nigrovic et al.,

Raynaud’'s phenomenon
is a circulatory condition

2003). In Raynaud’s, impaired circulation is characterized by associated with spasms
changes in finger color (Duffy et al., 1989). Its causes are not in the blood vessels of

well understood.”

the fingers and toes that
cause them to change

Cleary et al. (2002) described the case of a 15-year-old boy color. It occurs both in
who apparently developed Raynaud’s from a vibrating video children and adults.

game. However, these writers have not found similar cases

where the disorder links Raynaud’s to the design of a product.t

BLISTERS: Hand blisters, cuts,
and abrasions have been reported
in children and associated with
playing certain electronic games
with joystick controls (Casanova,
1991; Osterman et al., 1987; Wood,
2001).Onemanufacturer(Nintendo)
made free protective gloves
available for child userst (CR,
2002).

Blisters and abrasions on the
external surface of the hand may
be considered an overuse injury.
However, it is not the same sort of
disorder as those we commonly

Examples of applications for injury and design

1.

3.

Design of products

a. Sports equipment
Protection from breaking a bone, especially involving
the growth plates are critical.
« Design and test protective gear.
« Adjustable equipment may enable children to use

equipment as they grow and develop.

b. Playgrounds

c. Emergency phone booths

d. Age-related furniture that provides support while
promoting proper movement

Design of physical education programs (see Chapter 7)
These should progressively build and limit overuse of
individual muscle groups.

Design of injury prevention programs

think of such as CTS (affecting the median nerve of the hand) or tendonitis (affecting the

tendons).

Blisters (unless infected) are more benign and certainly differ from other sorts of overuse
injuries. Even so, products that produce blisters in children require redesign.

BACK PAINS

Children report high rates of discomfort, particularly at the neck and lower back. Table 6.4
shows individual risk factors for back pain among children. Table 6.5 shows other risk
factors for back pain, and Table 6.6 lists studies about back pain in school children.

* The findings of a large review of 123 pediatric cases from the Children’s Hospital in Boston (Nigrovic et al., 2003) conflict with prior studies that attributed
Raynauds in pediatrics to connective or related diseases (Nigrovic et al., 2003).

" This is not to suggest there is no risk, only that to our knowledge it appears to be rare.

¥ Nintendo’s Web site provides health and safety guidance for using their products www.nintendo.com/consumer/manuals/healthsafety.jsp.
> Gardner and Kelly (2005) provides an excellent review of the research on back pain among children. Other good reviews include Balague et al., (2003),
Balague and Nordin (1992), Balague et al. (1999), Barrero and Hedge (2002), Jones and Macfarlane (2005), King (1999), Murphy et al. (2004), Steele et al. (2006),

and Trevelyan and Legg (2006).
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Table 6.4 Individual Child Risk-Factors for Back Pain?

Age

« Existing discomfort increases as children mature.

» Puberty can be a time when pain is first reported.

» Discomfort increases during peak growth period in adolescence.?

- Risk is greater from early-to-mid adolescence, particularly for girls.

« Symptoms among children tend to progress as children become older.
» Discomfort and pain often becomes more frequent and intense.

« Further, discomfort in specific body parts may affect adjacent body parts. Discomfort
becomes progressively more generalized as children enter adolescence.

« Girls experience higher rates of discomfort than boys do, and earlier.
» Risk among boys is greater if they regularly participate in competitive sports.

Family | Gender

» Parents or siblings experiencing back pain increases risk.

- A family history of other soft tissue disorders may also suggest that the child is at
great risk.

Other

« Stress, low self-esteem, depression°®
+ Smoke

Have outside jobs

« Ride (rather than walk) to school

» Time spent watching television

©

Please consider this review as general guideline. While much of the research literature is
consistent, it often is not unanimous in its conclusions (see Table 6.6 on child and adolescent
back pain).

Feldman et al. (2001) defined the peak growing stage as child growth exceeding 5 cm (2 in.)
over 6 months.

This is not to suggest the child’s pain is necessarily “all in their head.” The experience of

pain is inherently stressful; children’s feelings of stress may result from the pain signals that
have medical foundations. Further, the experience of stress manifests itself in ways that may
exacerbate physical disorders, such as by muscle tension and releasing stress hormones. One
must also keep in mind that the two may sometimes be indirectly related.

Table 6.5 Back Pain Risk Factors among Schoolchildren

» Extended sitting in static postures
« Prolonged work on the computers
« Finding their chair uncomfortable

Classroom

« Hard, inflexible work areas that limit movement

» Inadequate storage
Overly heavy book bags

Other

« Intensive competitive sports activities
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GROWTH PLATE INJURIES*

Growth plate injuries occur in children and ado- The growth plate (also called the epiphysis)
lescents. These fractures warrant particular con- | is the area of growing tissue near the end of

cern because of the potential harm to growing E‘:Cf?gngogfﬁe'%gg'gﬁg:tnt‘avzdgﬁfﬁﬁnts'

children. Yet, adults may not recognize the seri- | plates: one at each end. The growth plate
ousness of such injuries in children because they | determines the future length and shape of

“ . the mature bone. Upon maturity, growth is
seem to resemble the less hazardous “sprains complete and growth plates close and are

of adults. replaced by solid bone.

NIAMS (2001b)

Growth plate injuries . . . . .
In a growing child, a serious injury to a joint is

SRl s CTICE more likely to damage a growth plate than the lig-

+ Twice as common among boys as girls aments that stabilize this same joint. The growth
« Most common among boys aged 14 to 16 plate is the weakest area of the growing skeleton,
and girls aged 1110 13 weaker than the nearby ligaments and tendons

+ Less common among older girls because | that connect bones to other bones and muscles.
ey Lol 5 L el Lofplaress o] Approximately half of all growth plate injuries
growing at an earlier age

occur at the lower end of the outer bone of the
forearm (radius) at the wrist. Growth plate injuries are also common in the lower bones of
the leg (tibia and fibula) and can occur in the upper-leg bone (femur) or in the ankle, foot,
or pelvic bone.

Most growth plate injuries result from
acute events such as falls or a blow to a limb. | « Cannot keep playing due to pain after acute
However, chronic injuries can also result from or sudden injury
overuse. In one large study of growth plate |+ Unable to play for long because of persistent
injuries in children, the majority resulted from p"_’"h following _a prev'o_us njury
a fall, usually while running or playing on |° Visible deformity of child’s arms or legs

furniture or playground equipment « Severe pain from acute injuries that prevent
' using the arm or leg

Warning signs in children (NIAMS, 2001a)

Other causes of growth plate injuries
+ Child abuse

» Extreme cold (e.g., frostbite)

« Radiation or chemotherapy

+ Sensory deficit or muscular
imbalance

« Genetics

Competitive sports, such as football, basketball, soft-
ball, track and field, and gymnastics, accounted for one-
third of the injuries. Recreational activities, such as biking,
sledding, skiing, and skateboarding, accounted for one-
fifth of all growth plate fractures, while car, motorcycle,
and all-terrain vehicle accidents accounted for only a
small percentage of fractures involving the growth plate.

Children who participate in athletic activities often experience some discomfort as they
practice new movements. Muscles get sore as due to small tears during use, followed by
repairs during consequent rest periods. Muscle soreness after exercise is generally greater
one to two days after exercise and then subsides (known as “delayed muscle soreness”).

Yet, a child’s complaint always deserves careful attention. Some injuries, if left untreated,
can cause permanent damage and interfere with proper growth of the involved limb. Growth
plates are also susceptible to other disorders, such as bone infection that can alter their
normal growth and development. Persistent pain in children that affects athletic performance
or impairs their ability to move normally should be examined by a doctor.

* Much of this content is available in more detail in NIAMS (2001a,b) Growth Plate Injuries. NIH Publication 02-5028. National Institute of Arthritis and
Musculoskeletal and Skin Diseases. US Dept. Health and Human Services. www.niams.nih.gov/hi/topics/growth_plate/growth.htm
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LONG-TERM EFFECTS: About 85% of growth
plate fractures heal without any lasting effect.
The long-term impact on growth depends on
these factors, in order of importance:

1.

3.

4.

Ergonomics for Children: Designing products and places for toddlers to teens

How are growth plate injuries treated?

Begin treatments as soon as possible after
injury. These usually involves a combination of

1. Immobilization

Severity of the injury The affected limb is often put in a cast or

Growth may be stunted if the injury cuts splint.
off the blood supply to ’Fhe epiphysis. 2. Manipulation or surgery
If the growth plate is shifted, shattered, S

hed. a bonv bridae is more likel The need for mampul_atlon or surgery
or crushed, a O_ y 9 y depends on the location and extent of the
to form and the risk of growth retarda- injury, its effect on nearby nerves, blood
tion is higher. An open injury in which the vessels, and the child’s age.
skin is broken carries the risk of infection, 3. Strengthening and range of motion
which could destroy the growth plate. 2 G L
Age of the child Treatments may continue after the fracture
Bones of young children have more heals.
growing to do and are therefore more 4. Long-term follow-up
serious. However, younger bones also Long-term follow-up is often necessary to
have a greater ability to remodel. track the child’s recuperation and growth.

The affected growth plate
Some growth plates, such as at the knee, have a greater impact on bone growth.
Type of growth plate fracture

This section lists six fracture types; Types IV and V are the most serious.

Table 6.7 Additional Resources

The most frequent complication of a growth plate frac-

Bethesda, MD 20892-3675

Ph: (301) 495-4484 . :
(877) 266-4267 may be lopsided and the limb may become crooked.

www.niams.nih.gov

ture is premature arrest of bone growth. The affected bone

NIAMS
National Institutes of Health grows less than it would have without the injury, and the
One AMS Circle resulting limb could be shorter than the opposite, uninjured

limb. If only a part of the growth plate is injured, growth

Growth plate injuries at the knee are at greatest risk

American Academy of Pediatrics
141 Northwest Point Boulevard
Elk Grove Village, IL 60007-1098
Ph: (847) 434-4000
www.aap.org growth.

of complications. Nerve and blood vessel damage occurs
most frequently there. Injuries to the knee have a much
higher incidence of premature growth arrest and crooked

Do not allow or expect the child to “work through the pain.”

2.

3.

Further Reading on Growth Plates:

1.

Bright, R. W., Burstein, A. H., Elmore, S. M. (1974) Epiphyseal-plate cartilage: A biomechanical and
histological analysis of failure modes. J Bone Joint Surg (Am). 56, 688—703.

Broughton, N. S., Dickens, D. R., Cole, W. G., Menelaus, M. B. (1989) Epiphyseolysis for partial
growth plate arrest. Results after four years or at maturity. J Bone Joint Surg (Br). 71(1), 13—6.
lannotti, J. P., Goldstein, S., Kuhn, J., Lipiello, L., Kaplan, F. S., Zaleske, D. S. (2000) The formation
and growth of skeletal tissues. Orthopaedic Basic Science: Biology and Biomechanics of the
Musculoskeletal System. Edited by J. A. Buckwalter, T. A. Einhirn, S. R. Simon American Academy
of Orthopaedic Surgeons, Rosemont, IL, pp. 78—109.

Moen, C. T., Pelker, R. R. (1984) Biomechanical and histological correlations in growth plate failure.
J Pediatr Orthop. 4, 180—84.

Ogden, J. A. (1981) Injury to the growth mechanisms of the immature skeleton. Skeletal Radiol. 6, 237-53.
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Table 6.8 The Salter—Harris System for Classifying Growth Plate Injuries®

Type What Is It? Considerations
) Type | fractures typically need to be put back
Sepatl;?tlcl)r][ Of( the hysis) into place and immobilized.
rowth plate (epiphysis

SH Type | %ithout?ractureptg tr{e Unless there is damage to the blood supply

bone. to the growth plate, there is a chance of
recovery.

Partial separation

through growth plate

The fracture line is the The most common growth plate fracture.

SH Type Il same as SH Type |, As with Type I, Type Il fractures typically
except that it extends must be put back in place and immobilized.
into the shaft of the
bone (metaphysis).

This type of fracture is rare.
Complete fracture Usually occurs at one of the long bones of the
through growth plate. lower leg.

Type lll where the line of the Surgery is sometimes necessary to restore
fracture extends into the | the joint surface to normal.
joint.

Good prognosis, if blood supply is intact and
fracture is not displaced.
Most common at the end of the upper-arm
. bone (humerus) near the elbow.
Fracture line extends
through the growth Surgery is needed to restore the joint surface

Type IV plate (epiphysis), and and align the growth plate.

into the shaft of the . ; .
- Prognosis for growth is poor (likely to arrest
bone and the joint. : ; .
growth) unless perfect alignment is achieved
and maintained during healing.
This injury is uncommon.
The end of the bone is .
Type V crushed and the growth Most likely to occur at the knee or ankle.
plate is compressed. Prognosis is poor. Premature stunting of
growth is to be expected.
This injury is rare.
Bone growth is almost always stunted.
) ) ] May lead to considerable deformity.
Type VI A portion of the epiphysis ,
Peterson (growth plate) and Usually occurs with open wounds or compound fractures.

Classification

metaphysis is absent.

Often involves lawnmowers, farm machinery,
snowmobiles, or gunshot wounds.

All type VI fractures require surgery, and most will require
later reconstructive or corrective surgery.

@ Many classification systems have been used throughout the world, but the Salter and Harris (1963) (SH)
classification has become the most accepted standard among health care professionals for more than

40 years.
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CONCLUSIONS

This chapter described some dimensions of children’s physical growth and development.
Designers must take children’s physical development into account when creating prod-
ucts and places for children to encourage appropriate growth and to help keep them safe.
The severity of an injury may be greater if it occurs during the developmental process. This
means there may not be a direct comparison of a child’s injury compared with similar injury
in an adult.
Further, injuries and pain may have different implications in children:

1. Children often do not report pain, as they do not know it is abnormal to have pain
during an activity.

2. Pain, as experienced by a child, may suggest a quite different disorder than similar
pain reported by an adult.

3. Pain indicates that something may be wrong; adults should pay attention and
“check it out” when a child reports pain.

Caregivers may need to solicit information from children, rather than waiting for the
child to step forward with the information concerning their discomfort. Designers, when
testing their products with age-appropriate children, may also need to directly ask about
comfort and ease-of-use.

More information is needed on childhood injuries, soreness, and discomfort. Additional
studies are needed regarding the long-term effects of overuse, repetitive patterns of pain,
and even of acute injuries. It is well known that the best predictor of injury among adults is
a previous injury, yet it is not known if the previous injury extends into childhood.
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INTRODUCTION

CHILDREN’S PHYSICAL ACTIVITY

Inactivity is a worldwide health problem (WHO, 2004). Without exercise and proper nutri-
tion, bones can be weak and susceptible to fractures, even as children pass adolescence
and enter their adult lives.

Children benefit mentally, physically, and socially from physical activity. Physical exer-
cise is essential for proper development of children’s bones, muscles, and joints. Regular
physical activity can help control body weight, keep heart and lungs working efficiently,
improve alertness, improve self-esteem, and enrich a child’s outlook of life.

A child who participates in regular activity is more likely to remain active as an adult.
Unfortunately, activity tends to decline with age (Armstrong, 1998). There are more barri-
ers to physical activities for children of parents with lower incomes and education levels
(Duke et al., 2003). These facts make it even more important to teach children that regular
physical activity is part of a healthy, desirable lifestyle. Hopefully, children will carry this
knowledge and these behaviors with them to create a healthier, more active society.

PROGRAM DESIGN

Physical activity improves muscle strength, coordination, and fitness. It also relieves stress,
reduces anxiety and depression, and improves self-esteem and mental clarity (Ekeland et al.,
2004; Tomporowski, 2003). Well-designed Physical Education (PE) programs assure the
benefits of physical activity because they focus on the child and his or her environment.

Well-designed PE programs are “user-centered” and support children’s developmen-
tal levels. This developmental focus aims instructions and activities at or slightly beyond
a child’s current capabilities. In this way, children take part in activities they can do,
while pushing to attain greater achievement. This helps children learn and enables
them to better respond to challenges, recognize their own achievements, and develop
self-confidence. When PE programs reflect their development, children are less likely
to become discouraged.

Well-designed PE programs complement children’s environments. For example, pro-
longed sitting in class leads to poor postures and unbalanced strength and weakness;
PE programs can help reverse the effects of prolonged flexion postures by stretching
and strengthening children’s hips, back, and shoulder muscles. Targeted PE activities
strengthen muscles for such daily activities as carrying a backpack.

User-centered PE programs are holistic. A holistic orientation considers the child’s
health now and in the future. For example, PE helps avoid health risks such as obesity
through physical activity, and provides lifestyle education (healthy eating and wellness).
User-centered programs focus on emotional (e.g., teamwork) and physical development.

WHAT PHYSICAL EDUCATION IS AND IS NOT

Physical education is physical, and it is education. Although PE programs may include
sports and play, these terms are not synonymous. The benefits and outcomes for sports,
play, and physical education differ, and substituting one for the other reduces the benefit
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of each (CPEC, 2001). Understanding how sports, play, and PE interact, overlap, and
enhance children’s physical development is critical to designing effective PE programs.

SPORTS: Most children and their parents prize sports activities. Outside of school, sports
abound in little league and community programs. Almost 40% of US children aged 9 to 13
years participate in organized physical activity outside of school (CDC, 2002). Sports are
organized (rule-based) and competitive (performance score-based). Sports can help
children learn teamwork, build physical skills, and develop self-esteem (Figure 7.1).

Although sports activities generally promote child health, these activities alone are not
enough. This is because adult leaders of sports seldom have sufficient education to guide
children’s development, the design of sports activities seldom accounts for children’s
development, and sports do not typically include information about lifestyle education.

Physical education teachers’ training includes child development. Adults who man-
age sports programs are often parents or other volunteers or with little knowledge of child
developmental maturation processes. Volunteers are necessary for most sports programs,
but they may not know how to nurture the physical or emotional development of the children
they coach.

The design of most sports focuses on adult skills and abilities. Children of ever-younger
ages now participate in activities historically reserved for adults. Yet sports that benefit
adults are not necessarily good for children. Children are developmentally different from
adults; some sports are more appropriate for adults, who have fully developed bones,
muscles, and coordination (see Table 7.1).

Figure 7.1 (Valerie Rice)

The purpose of sports is to excel—usually by winning a
competition. We often assume that sports participants
benefit from exercise. While taking part in sports does not
necessarily improve overall fitness or promote a healthy
lifestyle, it can help if it is part of a regular regimen of
physical exercise. It is even better if regular exercise is
coupled with an educational program on healthy lifestyles.
Children who participate in regular activity are likely to
remain active as adults.
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Table 7.1 Cautions Regarding Sports-Oriented Physical Education Programs

Potential Problem Rationale

« Children who are not developmentally ready for the activity find it

difficult to perform successfully.
Introducing a sport to children P y

who are too young to play well « If children’s strength and coordination have not sufficiently
developed, their risk of injury increases relative to performing
developmentally appropriate activities.

» Playing the same sport often means playing the same position on

the team.
. Children learn a limited set of skills that will not necessarily prepare
Playing the same sport year them for the many physical activities in adulthood.
after year, striving to develop ) ) ) ) )
ever-increasing skills » Playing one sport also increases the child’s risk of developing

repetitive motion injuries.

Although we do not understand the long-term effects, it is a concern
since child bones are still developing.

Competitive games produce « Children who have negative experiences in sports may choose to
both winners and losers. The refrain from physical activity.
children who are not competitive

may suffer social stigmas These children may suffer life-long consequences from being the

“last kid chosen for a team.”

Playing sports is not the same as participating in PE programs that prepare children
for life-long fitness. PE lifestyle education helps children learn to maintain “ideal” weights,
reduce their susceptibility to illness, and optimize physical performance (see Table 7.1).

In addition, sports programs do not
complement the child’s environment.

That is, they do not target the child’s
muscle development or coordination
needed for everyday activities.

Clearly, there are physical and
emotional benefits from competitive
team sports. This chapter focuses
on the larger issues of how to design
well-balanced PE programs that help
children achieve a range of goals.

PLAY: Children (and adults) play
because it is fun. Play is unstructured
and loosely organized. Rules are
flexible, and children make them up

as they go along. Rewards are Figure 7.2 (Ursy Potter Photography)

intrinsic: thev d ¢ dt hi Play is the “work” of infants, toddlers, and preschoolers.
Intrinsic; they do not neea 10 achieve It is how they learn, as well as how they develop their

a goal (Figure 7.2; see Chapter 10 for musculoskeletal systems. In play, they exercise their
more about play). imagination, learn to interact with others, solve problems,
and practice the roles they will eventually assume as adults.
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Play involves creativity. Through play, children
exercise imagination. Social skills develop as
childrencreatetheirownroles, responsibilities,
and interactions. Self-discovery occurs as
children identify their own abilites and
gradually improve them. They learn how high
they can jump, how long they can balance,
and how tense they need to be to hang from
a bar by their knees!

Play is critical for early child develop-
ment. As children enter school, play
is systematically limited. Once children
enter kindergarten, they begin to live by
structured programming and rules. They
follow a schedule and walk in a line. Yet,
elementary school children continue to
benefit from unstructured play (Table 7.2).
Unfortunately, almost 40% of schools have
reduced daily recess (CPEC, 2001).

PHYSICAL EDUCATION: The “physical”
portion of PE may look like a sport or child’s
play. Yet physical education programs
have learning outcomes. A resurgence of
interest in children’s physical education is
evident, primarily in response to health
concerns. China’s PE programs illustrate
this new emphasis on PE in schools
(CHERN, 2004) (Table 7.3), as do the
programs for some other countries.

New mandates for specific physical
performance outcomes are in effect in the
United States, due to public demand for
more PE time in the public schools (CSBE,
1999). Sixty percent of states in the United
States require schools to follow national or
state PE guidelines (Burgeson etal., 2001).
Most require that education programs
reflect the children’s developmental level
and physical performance outcomes.

The Texas Essential Knowledge and
Skills for Physical Education (TEKS PE) is
one example (Texas Administrative Code,
1999; see Table 7.4). The TEKS PE contains
annual requirements for each child for
movement, physical activity and health,
and social development.

Table 7.2 Benefits of Unstructured Play

Recess (unstructured play):

» Motivates children to come to school to play with
their friends.

« Enables children of different cultures to interact.
- Relieves stress.
« Provides time alone to think and meditate.

« Enables teachers to observe children interacting
with each other.

« Allows children to select physical activities that
promote circulation and attentiveness.

« Provides an opportunity to be creative and to
create new games or play.

» Helps children to learn cooperative play and
taking turns.

Source: From CPEC, Council on Physical Education
for Children and the National Association for
Sport and Physical Education position paper,
Recess in Elementary Schools, July 2001.
Available at: http://naecs.crc.uiuc.edu/
position/recessplay.html

Table 7.3 PE Requirements in Elementary School
in Selected Countries

Country PE Requirements

« 1 hour per day

« Includes morning exercises,
preparatory exercises, and

Gl exercise during class breaks

« Some extracurricular physical
training

« 1 hour per week

Brazil « Some programs help poor, rural
communities teach children
games with exercise

Japan « 90 periods in each school year

« No national requirements for PE

India in elementary education

« Requirements regulated at the

LIIEE Sl state level, and vary state to state

« Two periods per week for boys only

Saudi Arabia |. Girls have classes in home
economics instead of PE

France « 3 hours per week

Source: From WES (2004).
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Table 7.4 Learning Outcomes (Texas Administrative Code, 1999)

Texas Essential Knowledge and Skills for Physical Education

In Grades K-5, children learn fundamental movement skills and begin
to understand how the muscles, bones, heart, and lungs function
during physical activity. Students begin to develop a vocabulary for
movement and apply concepts dealing with space and body
awareness.

Students are engaged in activities that develop basic levels of
strength, endurance, and flexibility. They also learn to work safely in
both group and individual movement settings. A major objective is to
present activities that complement their natural inclination to view
physical activity as challenging and enjoyable.

Source: From Texas Administrative Code, Title 19, Part Il, Chapter 116.
Texas Essential Knowledge and Skills for Physical Education,
1999. Available at: www.tea.state.tx.us/rules/tac/chapter116/
ch116a.pdf

Ensuring the balance of academics and support for physical health in the daily lives of
children is a challenge for teachers and parents. Unfortunately, in the mix of regulations,
funding issues and academic requirements, the implementation of PE varies widely.

Despite the excellent intent of PE regulation and curricula, its implementation is fraught
with confusion regarding sports, play, and physical education. Most PE programs need
more emphasis on children’s physical and physiological development. Children need to
learn how to achieve the benefits of practicing a healthy lifestyle. Children who remain
active are more likely to continue that lifestyle as adults.

DEVELOPMENTAL CHANGES IN BOYS AND GIRLS

Designing effective PE programs requires an understanding of how children develop
physiologically, cognitively, and socially between the ages of 5 and 15 years.

SKELETAL DEVELOPMENT

Immature skeletal systems include epiphyseal plates (also known as growth plates).
Growth plates are responsible for the longitudinal growth of bone. They are located
between the shaft and the larger end of the bone (called the epiphyses).
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The longitudinal growth of long bones occurs primarily at one growth plate.

For example, the thighbone (fernur) grows primarily at its distal Epiphysis [ (
(furthest from the body) growth plate. The bone of the upper arm Epiphyscal
(humerus) grows primarily at its proximal (closest to the body) growth Plate

plate and the forearm bones grow distally.

The growth plate’s vascular (blood) supply nourishes growing cells.
Injury to this area can impair vascular supply and thereby stunt growth.
On the other hand, an increased vascular supply can lead to abnormal
increases in cell production (Rarick, 1973).

An untreated or improperly treated epiphyseal fracture can cause one
leg to grow longer than the other or uneven growth within a limb. The
potential for growth impairments among children deserves concern. o

Most long bones in immature skeletons have epiphyses at both ends. Epiphysis E
Pressure epiphyses respond to forces caused by muscle tension and
weight bearing. On the other hand, traction epiphyses are at muscle
attachments, where bones respond to muscle pulling. For example, there Figure 7.3 (Barbara H. Boucher)
is a traction epiphysis where tendons connect the kneecap (patella) to the
lower leg bone (tibia).

Both pressure and traction epiphyses shape bones as they respond to forces (Rarick, 1973). The pull of a muscle
(traction) and compression (pressure) are outside forces that stress bone and cause new bone to form. The shapes
of bones reflect forces applied to them. For example, pulling or contracting the anterior thigh muscles (quadriceps)
causes the tendon (via the patella) to pull on the epiphysis; this forms a prominence just below the knee.

Bones need a certain amount of stress (force) in order to develop or grow normally. As muscles develop, they
generate mechanical forces of traction and pressure; these play a central role in stimulating the formation of the
skeletal system (Schonau, et al., 1996).

A child’s skeleton is most vulnerable during periods of rapid growth.

Diaphysis

The Tibia

Children are at particular risk of injuring a growth plate (compared to adults). Growth
plate injuries can occur at any age, but occur most frequently during the period of a growth
spurt (England and Sundberg, 1996). A growth plate injury can mean a temporary period
of pain, swelling, and decreased range of motion about the joint or it can mean many
problems including growth arrest.

One example is excessive throwing, which can affect the growth plate in the proximal
humerus, a condition known as Little Leaguer’s Shoulder. The mechanism of injury may be
due to the amount of rotational torque placed on the proximal humeral growth plate during
throwing (Bernhardt-Bainbridge, 1995). Complete growth arrest is rare and its severity
depends on the skeletal age of the child. A complete growth arrest has the greatest impact
on younger children and may result in a limb length discrepancy and functional impairment
(Larson et al., 1976).

Children need active muscle movement for their bones to develop fully. They also need
to activate all their muscles, regularly and somewhat evenly, for their bones to develop
correctly. That is, if a child repeatedly activates only a limited range of movement patterns,
the bones will develop alignments that reflect the muscles used. Level of activity largely
determines bone mass increases in childhood (MacKelvie et al., 2003). Accumulated bone
mass has lasting effects into adulthood, when it is much more difficult to build or rebuild
bone mass (Heaney et al., 2000).
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MUSCLE DEVELOPMENT

The body has 650 muscles that make up almost half of our body weight. The muscle
composition of prepubescent (Prp) boys and girls is essentially equal to that of post-
pubescent (Pop) children and adults. However, the ability of Prp muscle to increase in
strength, size, and endurance is significantly different from Pop muscle.

Muscle strength and endurance increase as children age from early childhood to
approximately 14 years. Between the ages of 7 and 12 years, muscle strength nearly
doubles. In general, a muscle’s strength reflects its cross-sectional area or size. Some
strength gains during childhood are a result of typical muscle growth in size.

However, strength-training enables Prp children to develop force output without
significantly increasing muscle mass (Stout, 1995; Rowland, 2000). Even with appropriate
fraining and guidance, coaches and parents should not expect child athletes to become
muscular.

A child’s muscles appear to relax more slowly than those of an adult (Lin et al., 1994).
Slower relaxation times affect the speed of performance during coordinated movements.
Understanding normal muscle development is key to setting appropriate performance
expectations for children.

Flexibility refers to the ability to lengthen muscles at the joints during movement.
Children differ considerably in their flexibility. Girls are more flexible than boys between
the ages of 5 through 14 years and girls’ flexibility changes little from the ages of 5 to
11 years. Boys lose flexibility between the ages of 5 and 15 years (Stout, 1995). Compare
photos Figure 7.4 and Figure 7.5; the boy’s spine exhibits greater curvature and his feet
are less upright. His position depicts less flexibility in the muscles on the back of his legs,
compared to the position of the girl.

Bone growth typically takes place
before muscles develop. Muscles also
become less flexible during periods of
rapid growth. Boys and girls may avoid
growing pains by managing flexibility.

For example, children who grow rapidly

may experience pain where the patellar

tendon attaches to the tibia. Stretching

to lengthen the quadriceps can help

alleviate the strong pull this tendon

exerts on the epiphysis. Stretching also

provides sensory feedback that helps

children experience the extremes of  Figure7.4 (Barbara H.Boucher)

joint motions. This ‘inner knowledge’ The abilityf)fthis 11—year—'ol.d.gir.l to reach her toes with her

helps shape the child’s self-image, fefe;upldeplﬁts greater flexibility in the muscles on the back
) of her legs, hamstrings, and gastrocnemius, compared to her

helping them to learn purposeful  lower spine. Her lower spine is straighter than her upper

movements. spine, depicting flexibility in her thigh muscles over her
back muscles.
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Figure 7.5 (Barbara H. Boucher)

The inability of this 14-year-old boy to reach his toes with
his feet in this position depicts inflexibility in the muscles
on the back of his legs. He has developed more flexibility
in his low back muscles, as evidenced by the smooth,
continuous curve in his spine.

CARDIOPULMONARY SYSTEM DEVELOPMENT

As mentioned earlier, regular physical activity keeps all muscles fit, including voluntary
(skeletal) muscles and involuntary cardiac (heart) and smooth (stomach, intestines, etc.)
muscles. Part of “fithess” is the ability to function over time (endurance). We can measure
endurance by maximal aerobic power or VO, . This measure represents the greatest
amount of oxygen used to create energy for sustained muscle activity (by aerobic metabo-
lism). Prp and adult muscles are similar in their ability to sustain muscle activity (aerobic
capacity, based on VO, _ measures). Aerobic capacity improves with training (Stout,
1995) and increases from ages 8 to 16 years in boys and from ages 8 to 13 years in girls
(Roemmich and Rogol, 1995).

Prepubescent children who have more muscle than fat (larger proportions of fat-free
mass) have greater aerobic capacities than Prp children with proportionally more fat
(Roemmich and Rogol, 1995). Exercise programs for groups of children must consider
children who are overweight or who have low fat-free mass.

Body mass index (BMI) can help determine whether an individual’s weight is appropriate
for their height. Calculate a child’s BMI by measuring their height and weight (BMI = wt/ht?).
By plotting the correct age and gender on the chart available at the CDC Web site, one can
quickly identify underweight, at-risk, or overweight children, according to percentile cutoff
points (CDC, 2000) (Table 7.5).

Table 7.5 Body Mass Index (BMI) Cutoffs

Underweight BMlI-for-age <5th percentile

BMI-for-age 85th percentile to

At risk of overweight <95th percentile?

Overweight BMiI-for-age =95th percentile

a A child who has an 85th percentile BMI (body mass index) is
larger in that dimension than about 84% of the children of that
gender and age group.
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Hemoglobin is a protein carried by red cells. It picks up oxygen in the lungs and delivers
it to cells throughout the body. Prepubescent children have less hemoglobin in their blood.
This affects their ability to bind oxygen and causes them to reach a peak VO, _ earlier.
Prp children’s aerobic capacities increase as they develop more hemoglobin as they grow.
This means younger children will fatigue more quickly than older children, who can perform
aerobic work at lower VO, __ levels (Rowland, 2000).” Exercise programs should account
for younger children fatiguing sooner than older children do.

Endurance training is an important component of an exercise program. However, aero-
bic capacity may not be a functional component of a sport (Table 7.6). Most physical skills
required in baseball, for example (batting, throwing, and running bases) consist of short
bursts of energy that rely on a child’s anaerobic capacity. Anaerobic capacity in Prp
children is significantly lower than that of young adults. Anaerobic power increases with
body size as children mature, leveling off at age 15 for girls and 17 for boys (Roemmich
and Rogol, 1995; Clippinger-Robertson, 1987).

Muscle fiber type may also limit children’s anaerobic capacity.t Developing children
are physiologically primed for aerobic performance vs. anaerobic performance. Children
can improve both their aerobic capacity and anaerobic metabolism (Rowland, 2000). We
describe endurance training subsequently in more detail.

Table 7.6 Aerobic and Anaerobic Activities

Aerobic (endurance) activities are long lasting activities of such intensity that the body is able to meet the
demands for oxygen and fuel. Aerobic exercise causes the heart and lungs to work harder than when
they are at rest. Body fat supplies energy during aerobic activities. Examples of aerobic activities include
jumping rope, skating, walking, running, cycling, and swimming.

Anaerobic activities are high-intensity, short-term activities where the demand for oxygen exceeds the
supply. Glycogen (glucose stored in muscles) supplies energy during anaerobic activities. Examples of
anaerobic activities are short-term sports plays (kickball, baseball, and volleyball), weight training, relays,
and sprints.

Table 7.7 Physical Changes During Development

Muscle activity influences bone growth and alignment.

Both pressure and traction epiphyses form the shape of bones in response to forces.
Levels of activity largely determine increases in bone mass during childhood.

Muscle strength and endurance increase throughout childhood.

Increases in strength do not usually affect muscle mass among Prp children.

Aerobic capacity of Prp muscle is very similar to adult muscle when measured by VO,
improve with training.

Anaerobic power increases as children grow and mature and improves with training.
Younger children fatigue quicker than older children do.

Young children are better able to handle aerobic activity than anaerobic activity.

. Overweight (over fat, higher BMI) children fatigue more quickly than children with appropriate weight
for their height (lower BMI).

o0 kN
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This table summarizes physical changes covered in this section.
Each point is important for designing physical education programs.

* The pulmonary system or the size and function of the lungs, has little influence on the changes in endurance during development.
T Slow-twitch (aerobic) fibers seem to be recruited (activated to contract) more than fast-twitch (anaerobic) fibers in children. Fast-twitch fibers activate more
quickly and assume a greater role during physical activity as a child matures.
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COGNITIVE AND SOCIAL DEVELOPMENT

Most children perform a variety of physical activities. They play, participate in structured
exercises, engage in sports, or take recreational classes such as gymnastics, dance, or
martial arts. Such activities can be fun and build self-esteem. Yet, they can also provoke
anxiety if design of the program or the goals of the parents and teachers do not reflect the
child’s developmental level.

An understanding of children’s cognitive, emotional, and social abilities at different
ages helps in designing effective programs and setting realistic goals for participating
children.

The Province of British Columbia, Ministry of Education lists social goals among their
objectives for quality physical education programs (PBC, 1995):

. Foster the development of positive attitudes

. Encourage active participation

« Reinforce problem-solving skills

« Recognize differences in students’ interests,
potential, and cultures

« Develop personal and career-planning skills

FIVE TO 7 YEARS: Five-year-old children are
easily distracted, forget instructions, lose interest
quickly, and may not care to compete or win.
This can frustrate performance-oriented adults!

Five-year-old children must think about motor
tasks before executing complex movements.
Games with simple rules and game strategies
are best for this age. The typical 6-year-old is
similar to the 5-year-old, except at 6 they tend
to be more restless and develop a need for
independence.

Decision-making ability changes at about
age 7. Seven-year-old children can integrate
physical and cognitive skills while playing
games. They can pay attention to more than
one facet of a game and make instantaneous
play decisions. At 7 years, children may begin
to manage ball play with rules, goals, and play
for offense and defense (Figure 7.6).

Figure 7.6 (Valerie Rice)

Physically, young children between the ages
of 4 and 7 years need regular activity of all
their muscle groups for their bones and
muscle strength to develop. They can follow

SEVEN TO 11 YEARS: Seven- to 11-year-old
children understand concrete but not symbolic
ideas. They tend to focus on the present rather
than the future. Thus, atthese ages, knowledge
of the long-term benefits of exercise has little

simple rules, but are still easily distracted and
lose interest quickly. Young children benefit
most from noncompetitive games where they
are reinforced for participating and by the
enjoyment of the activity.

influence over their behavior. Seven-to 11-year-olds can accept responsibility for their
actions, are susceptible to “hero worship,” and believe in teamwork and the need for
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rules (Cooper, 1992). A child in this age range should not blame others for his performance.
At the same time, the child may place a high value on the opinion of the teacher (hero) and
teachers should give performance critiques carefully.

By their 8th year, children may begin to compare themselves with their peers. Pre-teens
may prefer the company of their friends to family. Children often associate athletic ability
with social popularity. They believe athletic ability is determined by a person’s level of effort
and the amount they practice (Cooper, 1992).

Pre-teen children may judge their less-competent peers as making less effort or
‘lazy.” The designer of a PE program should carefully consider how to include com-
petitive activities for this age group. Peer judgments can be harsh and children are just
learning cooperative team building.

In the 8- to 10-year-old range, athletic or physically competent children begin to move
out of relaxed sports activities such as tee-ball. More physically competent 8- to 10-year-
old children begin to join competitive activities like little leagues. Parents and children
make comparisons between children. Comments from adults and children on athletic
performance influence how a child’s self-esteem develops (Cooper, 1992).

Physical education should provide an atmosphere of acceptance that encourages
children to develop and accomplish their aims without comparison to others. Training can
improve fitness (as measured by running speed and agility) and children’s social status
among their peers (Gross et al., 1985).

The impact of incremental success for each child cannot be overemphasized.
Accomplishment will influence their motivation for activities as children, their involvement
in activities as an adult, and their sense of self.

EFFECTS OF PUBERTY*: Before puberty, boys and girls have relatively similar body
shapes and compositions. Physical maturity has little impact on a child’s social life before
puberty.

However, as puberty approaches, physical maturity becomes important for self-
perception, self-esteem, and interaction with peers (Stout, 1995). Adolescents want to
be like their peers. They want to look and act alike. This may cause a problem for those
who mature early or late.

The social implications for maturing “early” or “late” is different for boys and girls.
Elementary school girls who mature “early” are likely to have negative feelings about their
bodies, when they stand out from their peers.

Boys who mature early tend to be taller than their peers, often developing positive feel-
ings about their bodies and a sense of social dominance. In contrast, boys who mature
‘late” and lag in physical stature may develop negative feelings about their bodies. Such
differences magnify as male peer relationships tend to center around athletic activities
(Bancroft and Reinisch, 1990).

Early-maturing girls and late-maturing boys may be more reluctant to participate in PE.
They will need supportive encouragement and programming that helps them feel like they
fit in with their peers. Adult leaders should openly identify children’s strengths, as children
may not see their own or their peers’ strengths.

* Puberty is the stage of physical and sexual maturation, marking the advance from childhood to adolescence. It results from hormonal changes.
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DESIGNING A PHYSICAL EDUCATION PROGRAM

Effective PE programs “fit the child-user.” This is no small task, given the range of differences
among children. A program based on understanding the developmental and physiologi-
cal changes in children’s bodies can help children avoid injuries and develop whole-body
skills and a long-term commitment to an active lifestyle. To do so, they must reflect several
developmental dimensions. These developmental dimensions or “themes” include core
strength, endurance, weight bearing, coordination, complexity, and social impact.

While many PE programs address more than one theme, the most important issue is
to balance all themes. The matrix table “Managing Child Variables with PE Themes” may
help plan or evaluate PE programs (see Table 7.10).

THEMES

CORE STRENGTH: Core strength refers to trunk muscle strength. The trunk muscles
include abdominal and spinal muscles. Muscles that control the hips and shoulders are
also important for core strength. Core muscles are critical for coordinated movement.
Strong core muscles provide a stable base for moving arms and legs.

Child development occurs proximal to distal. That is, an infant
develops control of the trunk muscles before they control their legs
and arms. Control of the shoulder precedes hand and finger control.

Coordinated and fluid movements are impossible when core
muscles are weak. Unfortunately, many sports instructors forget this principle and focus on
developing movement patterns required in sport before they develop children’s core strength. While
this approach may develop a strong “splinter skill,” it fails to develop a stable base for movement.

For example, according to one text:

Core strength is
critical for coordinated
movement.

The trunk goes through three stages of development when a child is learning how to throw a

baseball correctly. In the first stage, the trunk is completely passive and all motion occurs at the

arm. The second stage occurs when the trunk stabilizers increase in activity to support the arm

during the throw. In the final stage, the trunk actively provides force to project the ball.

However, when the demands of a task (i.e., velocity, accuracy, and distance) change or when

fatigue sets in, one body segment may regress while others remain at the advanced level.
(Campbell, 1995)

This description of developmental stages of throwing a ball makes it sound like trunk
stability will occur naturally, developmentally as the child learns to throw. The implied focus
is a concentration on teaching the child to throw.

However, conversion from the first to the second stage (above) will occur only when
the core muscles are sufficiently strong for the task. This means that specific exercises
and activities to strengthen the core must be part of the training. Strong core muscles are
necessary to develop distal skills such as throwing and batting balls (see Table 7.8).

Table 7.8 Characteristics of Children with Low Core Strength

Children with low core strength:

Tire easily

Have poor posture; appear to ‘slump’ and bend forward at waist and shoulders
Their head rests forward of their shoulders

May often rest their head on their desks

May rest their head on their desk or arm while writing

Try to support their feet above floor level, making their knees higher than their hips

ook wN =
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Figure 7.7 (Valerie Rice)
This child may lack the core strength needed to swing
the bat with force and accuracy. Her trunk bends back
(hyperextends) and hips flex as she prepares to swing.
Visualize her arms moving forward to swing the
bat while her back flexes, she bends forward, and her
hips extend.
All of this trunk movement indicates low core muscle
strength. In the child with weak core musculature,
trunk movements are extreme and poorly controlled.

A basic principle of physics is also useful: For every action, there is an equal and oppo-
site reaction. Children with strong core muscles are able to contract and relax muscles
in rhythm with movements of their arms. During movement
such as throwing, the trunk is stable as trunk muscles tighten
and react to forward forces from the arms. Thus, the equal
and opposite reaction occurs while maintaining an erect
posture, fluidly twisting their body and matching their arm
movements while throwing.

Core strength is important in light of the fact that bone
growth responds to both traction and pressure forces act-
ing on them. The lower or lumbar vertebrae respond to their
alignment as the weight of the head and upper trunk rests
on the spine (pressure force).

Children sit for long periods, in class or at play, hunched
forward with their postures constrained, back bent forward
(flexed) and breathing restricted. If the back is slumped
and the head leans forward, there is less pull at the back
of the spinal column and greater pull at the front (anterior)
of the spinal vertebrae. Thus, the vertebrae can become i
misaligned. Slumped postures also misalign internal organs ggr‘;r;;zesgzﬂzﬁsgﬁﬁer)
and restrict lung expansion. Children require core strength sitting unsupported on the floor.

to encourage anterior pelvic tilt. Designing furniture to sup-  Inactive core muscles allow the

port the back helps but does not eliminate risks associated ~ pody torelax into gravity, resulting
, in a forward curved spinal

with low core Strength- posture. Other consequences

Supporting the pelvis at or slightly above the lower legs are a hyperextended neck and
encourages the pelvis to tilt forward (see Figure 7.7 and ;ggg;‘;;si’groﬁ“he“and
Figure 7.8). This anterior pelvic tilt enables the sacrum to L
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support the spine more effectively and activates
abdominal and spinal muscles. The development
of an anterior pelvic tilt also promotes the natural
development of the lumbar curve. Children need to
sit with an anterior pelvic tilt to promote the natural
development of a lumbar curve.

The abdominal muscles attach to the lower rib
cage. When the abdominal muscles contract, the
rib cage is pulled down (traction force), allowing the
lungs to expand. The spinal muscles attach to the
vertebrae along the spine; when the spinal muscles
contract, they pull the trunk upright and align the
head vertically. Sitting unsupported on the floor has
the opposite effect and spending prolonged periods
in this position can be harmful to children (Figure 7.8).
On the other hand, sitting on a ball during instruction
can help strengthen core muscles (Figure 7.9).

. Figure 7.9 (Barbara H. Boucher)
ENDURANCE: Well-designed PE programs for Sitting at or slightly above the lower legs
children gradually and intentionally increase muscle encouragei the pdelvis.to tilt forward |
endurance requirements. Endurance activities are the ~ (aterior tilt) and activates core muscles.
) o i This position promotes natural and good
same as aerobic activities. Endurance or sustained spinal posture, including in the neck
muscle activity indicates the body’s ability to move area. Additionally, the expanded chest
oxygen to muscles. The heart, lungs, and skeletal ~ 2nd abdomen cavities correctly allow

. I optimum function of the internal organs.
muscles all benefit from endurance activities.

Children with greater endurance can run, bike, dance, ride horses,
Higher and play active sports longer than children with less endurance do.
endurance = Aerobic exercise strengthens the cardiopulmonary (heart and lungs)
Less fatigue system, improves oxygen delivery, muscle use of oxygen, and the
body’s ability to remove waste products.

Aerobic exercise also burns fat and calories and reduces the risk of heart disease, high
blood pressure, and diabetes. Aerobic exercises include running, power walking, ice and
roller-skating, dancing, bicycle riding, jumping on trampolines, jumping rope, swimming,
choreographed calisthenics, and soccer.

Well-planned PE programs incorporate endurance
activities into each school day.* With good planning, children . ) -

L . I . vs. intensity of activity
can participate in graded' activities that increase endurance when planning
appropriate for their age and general condition. srdlErRes Aciiias,

Measure time in activity

* Children who are active for 60 minutes, five days a week for 6 weeks earn the U.S. Presidential Active Lifestyle Award! (See Get Fit: A Handbook for Youth
Ages 6-15. http://fitness.gov/getfit.pdf).

T “Graded” activities incorporate sequential gradations. For example, the first graded physical activity may be easy and become slightly more challenging as a
child succeeds at each level. Graded cognitive tasks may begin as simple activities that require little instruction and sequentially increase in degree of difficulty.
The challenge is to determine the correct increment of difficulty between one task and the next that will help the child achieve success.
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Teachers often base PE schedules on factors other than optimizing aerobic activities.
They need to be creative in order to provide daily aerobic activity. For example, children
might take longer routes from classrooms to the cafeteria while skipping or jumping during
parts of the route.

Incorporating music into PE is fun, especially for younger children. It also provides vari-
ety and can promote endurance. Simple movements designed to increase core strength
become “dance.” Having children chant or sing during exercise increases the aerobic
demand of the activity.

Talking or singing during exercise can indicate how hard the child is working. Children
should be able to sing or talk throughout low-level endurance exercise. Both the instructor
and the child can use this as a gauge and reduce the level of activity if the children cannot
talk or sing while exercising.

For part of the curriculum, PE should focus on walking and running to challenge each
group of children based on their development. The children’s age and general condition
can gauge the gradual increases of sustained muscle work.

The time spent actively moving, resting, and waiting is important. While games such
as baseball and kickball can build perceptual motor skills and promote teamwork, these
games require substantial standing and waiting during the game and fail to serve as
aerobic/endurance activities. This is also true for relay races and bowling where there are
long times in between turns. PE programs fail to develop endurance if children spend more
time waiting between turns than participating.

WEIGHT BEARING: PE programs must include weight-bearing activities to promote bone
growth and create bone mass. Preventing the loss of bone mass (osteoporosis) in old age
begins in childhood.

Generally, weight-bearing activities refer to movements done
in an upright and standing position. However, if one body part
is weight-loaded over another body part, the supporting body
part is “weight-bearing” and the skeleton receives bone-forming
pressure.

The arms are weight bearing in crawling, but the most efficient position to benefit from
weight bearing is upright—sitting or standing. Gravity pulls the weight of the body when
sitting and standing. Multiple muscle groups work to keep the body upright and to move the
body in the upright position. Jump rope games, trampolines and
stairs, step exercises, and walking over foam surfaces build bone | coordination is
mass and develop balance skills. Graded gymnastic activities | gescribed through
are an excellent means of incorporating weight bearing into PE three developmental
programs. Teachers can simultaneously incorporate core strength sequences.
and endurance training.

Weight-bearing
builds bone.

COORDINATION: Several developmental sequences governthe maturation of coordinated
movement. These sequences involve gross motor movements, movements through the
planes of the body, and using each side of the body.
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Table 7.9 Developmental Sequence: Flexion/Extension = Abduction/Adduction = Rotation

Bringing two connected body parts closer together (e.g., bringing the hand to the shoulder

P flexes the elbow)

Extension | Straightening a joint (e.g., straightening the leg is extending the knee)

Moving body parts away from the center of the body or body part (e.g., moving the arm up

G and away from the side of the trunk or spreading the fingers)

Adduction Moving body parts toward the center of the body or body part (e.g., moving the arm down
and toward the side of the trunk or moving the fingers together)

Rotation Moving a body part around a central axis (e.g., rotating the forearm by turning the palm up
(supination) or down (pronation))

Developmental Gross motor (large muscle) skills develop before fine motor skills

sequence: (precise, small muscle movements). Children can reach with their arms

Gross motor skills| before they can grasp objects with a fine pinch grip; they can walk

precede fine before they can “dribble” a soccer ball.

motor skKills. Physical Education programs for young children should begin

with activities that exercise the large muscles and gradually increase
coordination requirements. Since children develop at slightly different rates from one another,
instructors must assess a child’s readiness to progress.

You can plan coordination of movements with another developmental sequence: flex-
ion/extension develops first, then abduction/adduction and finally, rotation (Table 7.9).

Younger children are able to rotate their trunk and extremities through isolated
movements, but they cannot complete a smooth sequence of rotation movements. For
example, they find it difficult to perform a smooth windup and pitch of a baseball.

Physical education programs for younger children, 5- and 6-year-olds, should include
movements that strengthen flexion and extension of their trunks and extremities, gradually
combining flexion and extension of more than one body part. Emphasis on abduction/
adduction or lateral movements can begin as children approach age 7 years. Practice in
combining rotation with other movements can also begin at about age 7.

PE programs should promote skill coordination by exercising each side of the body
alone, simultaneously and alternatively at different times. This is particularly valuable
for children at very young ages, which tend to use one side of the

Developmental body at a time. They need practice to begin to use both sides of
sequence: the body together in a coordinated manner.
Unilateral Well-planned calisthenics are an example of coordination-specific

activities precede | gxercises. A simple sequence of movements, organized within an
bilateral activities. | ophstacle course combines coordination skills with specific flexion/
extension and abduction/adduction movements.

Near the age of 7 years, most children have developed all the movement components
and have the cognitive potential to begin practicing increasingly complex coordination
movements (Figure 7.10). Components of martial arts, Tai Chi, or dance offer appealing
and beautiful movement exercise.
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Figure 7.10 (Ursy Potter Photography)

There is movement or muscle activation at each joint in Shea’s
limbs while his trunk (using core muscles) must provide a stable
base for limb movement. Rotating each limb and the trunk into
smooth movement requires maturation of coordination.

COMPLEXITY: Activities that involve multiple ideas or movements at one time are more
complex. The more rules, movements, and response options a child has to manage during
the activity, the more complex the activity. Activities that require a quick decision between
several responses—including time or speed of performance—are especially complex.

Younger schoolchildren perform best with simple, repetitive movement sequences.
Obstacle courses are a good means for providing a variety of movements and keeping a
large group active for specific times. Individual ball play allows each child to work individ-
ually on gross skills.

Children can progress from playing with a ball individually, to ball play with a partner, and then
to play within a group of four. This introduces a gradual progression to more complex physical
and mental skills. Participation in team sports such as basketball and soccer requires a large set
of skills and an understanding of play options and complex sequences of movements.

Young children are not as ready for complex team sports as older children or adults. Five
and 6-year-old children have difficulty remembering rules, paying attention, and performing
the complex movements team sports require. Adults who watch children play organized
sports often comment that they are inattentive. For example, young children may wander off
the playing field or toss their glove in the air and catch it while playing baseball.

SOCIAL IMPACT: Well-designed PE programs engage children cognitively and promote
positive social behaviors. Essential social behaviors include self-control, ability to self
assess, and respect for differences among peers. The ability to think through behavior and
make choices (self-control) improves with maturity and through multiple influences.

Physical education is not the sole or primary influence on developing a child’s self-
control. Even so, well-designed programs set developmentally appropriate expectations for
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self-control. Adults should not expect younger children to wait for long periods between activi-
ties. They need more support on behavioral control. They benefit from small group interactions
and low adult-to-child ratios. The adult or teacher provides guidance, gives expectations, and
offers feedback to the children on their behavior as acceptable or not acceptable.

Seven-year-old children want immediate rewards for their efforts. Some children will
always compare unfavorably if rewards (praise or peer appraisal) are earned by scores.
Educators and parents must evaluate positive and negative effects on individual children. If
a game is too complex for a child, they are set up for failure. Despite best efforts, a child may
be unable to improve his or her performance, to succeed or to be a valued player. A child’s
developmental stage may limit what they can achieve if inappropriate standards are set.

Assess children’s strengths and limitations and teach them to assess themselves. Self-
assessment is a critical skill for promoting life-long exercise and health. Children who learn
basic competencies and/or how to modify skill levels are better able to make decisions
about physical activity throughout their lives.

Skill assessments early and at the end of the school year demonstrate how children
improve over time. A first-grader may learn that he cannot run faster than others can but is
skilled at jumping. At the end of the school year, he will be happy to see improvements in
both areas. Skill assessment early and at the end of the school year also helps to “red flag”
children who need special attention. More support, targeted activities, or possibly adapted
PE can take place during the school year or over the summer.

Respecting differences among peers is one of the first steps to learn cooperation, team-
work, and using each person’s strengths to achieve a goal. Although most children in an
age group have similar physical competencies, children themselves usually realize their
differences. A few will be less competent and a few will be especially competent. If the
PE program rewards only the more competent children, other children feel incompetent or
strive for a level of performance that may exceed their ability. PE has the best social impact
when children realize their own potential through gains in physical activity.

The PE teacher is the children’s role model. He or she must show respect for children
and for their abilities. Rewards or praise from the PE teacher should recognize effort,
tenacity, and the gains of each individual child.

SAFETY

No protective equipment or turf can substitute for the presence of an adult during children’s
PE. Younger children need to work in smaller groups, with a smaller child to adult ratio than
older children do. Personal equipment should fit, provide protection, and absorb impact,
while other equipment, such as baseball bases should breakaway upon impact (see
Chapter 7 and Chapter 12 on injuries and consumer products for additional information).

PROGRAM EVALUATION

Each activity or lesson plan in a PE curriculum should address one or more of the above
themes. Table 7.10 can help educators plan their PE programs. Educators can fill in the
boxes with the activities that meet the requirement or use it as a “check list.” If an activity
in the kindergarten curriculum develops core strength, then the teacher lists the activity in
the box next to Core Strength and below Five Years Old. For example, rolling the length of
an exercise mat with arms at the sides is an activity that might fit in this block.

After a curriculum review, professional PE teachers may find some activities that do not
fit into any of the blocks. If the activity does not meet a theme or is inappropriate for the
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Table 7.10 Managing Child Variables with Physical Education Themes

Seven Years | Eightto 10 Years

Themes Five Years Old Six Years Old old old

Core Strength

Endurance

Weight-bearing Activity

Coordination

Complexity

Social Impact

PE teachers may evaluate their curriculum by fitting each lesson plan or activity into the appropriate blocks in
this table.

age groups in the table, eliminate the activity from the program. Using this table can reveal
missing themes for particular age groups and direct the PE teacher to include activities to
fill in the blocks.

SUMMARY

User-centered PE programs focus on children in
the program. This type of design incorporates prin-
ciples of child development, counteracts or builds
on the environmental influences, and takes the
entire child (physical as well as psychosocial, now
and in the future) into account.

The concept of designing PE in accordance
with the principles of child development is not new.
However, PE programs have favored other goals
(emulation of sports) in recent years. A good PE
program intentionally incorporates developmentally
appropriate activities that enable childrento achieve
health-related goals at school, home, and during
play. At the same time, teachers of good programs
consider the changing abilities of children.

Viewing a child’s school-based activities and
postures to guide PE may be a new concept for
some. Good PE programs counteract the negative

Figure 7.11 (Valerie Rice) impact of awkward or constrained postures com-
mon among children in elementary schools. They
also target the strengths needed for a child’s daily

activities, such as carrying their backpacks or books.

Physical education and physical activity are essential components of a child’s learning
environment. They promote physical and mental health, improve concentration, and foster
social growth. Physical education sets the stage for adult health and wellness.
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CHILDREN AND INJURIES
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OVERVIEW

A child’s “work” is to develop physically, emotionally, socially, and cognitively. In order to
develop, a child must continually face new challenges, hopefully in small enough steps so
he or she can master the task and move on to new trials.
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Simply presenting a challenge will not
make a child want to participate. Most children
(and most adults) learn more and learn more

quickly when learning situations are “fun.”

Designing tasks and equipment for children
can be complex because the designs must

achieve several goals simultaneously.
They must:

« be self-reinforcing (“fun”)
. build on previous skills

« challenge children to develop new skills

. be usable by children of various ages
and abilities
. be “safe”

Figure 8.1 (Ursy Potter Photography)
Children need challenges to develop their physical
and mental skills. Each challenge should occur
incrementally, that is, it should build on previously

While the focus of this chapter is safety,  mastered skiils and not be so difficult that it
eliminating all risks would also eliminate  overwhelms the child.

challenges that are essential to children’s

growth and development (Figures 8.1 through 8.5). It is therefore prudent to carefully
evaluate products, places, and tasks and to educate children and their caregivers about

safety issues.

Child safety practices help prevent injuries. They are also important because injury and
illness can disrupt a child’s learning and development; a child with a broken leg cannot run
or climb, thereby delaying development of their gross motor skills and sense of balance.

A child who cannot fully participate in
activities may also experience a setback
in social skills, as other children and
adults often treat them differently. They
may be excluded from activities they
can handle or may be seen as fragile,
uncoordinated, or even less competent.

Injuries occur for many reasons. A
poorly designed product or task design
can be at “fault,” as can a caretaker, or
a child. Often, injuries occur due to a
combination of factors.

The National Center for Injury
Prevention and Control (CDC, 2005a) lists
the 10 leading causes of unintentional
injuries, as well as unintentional inju-
ries that result in death (Table 8.1).
Guided by these findings, this chapter
will cover falls, burns, poisoning, choking
or suffocation, and drowning.

Figure 8.2 (Ursy Potter Photography)
Eliminating all risks would also eliminate challenges that
are essential to children’s growth and development.
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Injuries may occur when a child takes on challenges
that are beyond his or her capabilities. Occasionally
children will do this on their own, as they do not realize
their limitations. At other times, they may try to copy
the behaviors of adults or older children, as this little
girl tries a task that is easy for her older sister, but a bit
beyond her own abilities.

Figure 8.3

Figure 8.4 (Valerie Rice)

Figure 8.5

(Valerie Rice)

(Valerie Rice)
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ERGONOMICS AND SAFETY

Ergonomics is the design of places, things, and materials to fit
people. In order to decrease injuries among children, one must documents cited in
design the enqunment, pIac;e appropriate |t_ems in the environ- this chapter are also
ment, and provide education and educational experiences | 4yailable for download
that adults and children can understand, remember, and use at http://www.childergo.
in times of emergency. com/recc-children.htm

Many publicly available

WHAT DO I DO FIRST?
There is a priority for efforts directed at preventing injuries in children:

1. Design the area, product, or task to remove or reduce the potential for injury.
2. Properly supervise children by having a responsible adult present.

The adult must recognize the appropriate safety issues.
3. Educate and warn the child.

This sequence is especially important in injury prevention for children because children
will not be aware of the dangers and consequences of their actions. Even children who are
old enough to understand consequences often have implicit trust in their caregivers and
believe that anything within their reach is safe. They believe that their caregivers’ carefully
selected the items in their environment.

Designing to eliminate
or reduce the probability
of injury removes the
possibility of human error.
The less dependent on
the individual caretaker,
the better, as there can be
many levels of knowledge
among caretakers. Yet,
caretakers are infinitely
better than depending
on the decision making
and knowledge of a child
(Figure 8.6).

As children grow older,
they can assume more Figlll‘e 8.6 (Ursy Potter Photography) . .
responsibility. In fact, Clhlldr'en act first agq th1n1'< later. They may not associate a warning about a

place, item, or condition with another.

because they become very
aware of rules and set ways to do things, children can become excellent sources of information.
If they know and understand “safety rules,” they eagerly share that knowledge and find great
satisfaction in reminding each other and reminding adults of those rules! In this way, they can be
of great assistance in creating a safe environment.
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FALLS

INTRODUCTION

Children love to run, jump, and climb. They need to
be physically active in these ways. The activity helps
develop their bodies and minds, and the coordination
between the two.
As children push the
BOX 8.1 boundaries of their physical
- limitations, they are going to
fall. Most of the time, the falls
are minor, perhaps resulting

1. Falls can be:

a. from the same level,
due to slips or trips

b. from elevated inascratchorbruise (Figures
heights such 8.7 and 8.8). However, the
as a roof, ladder, consequences of falls can
stairs, or even from )
S be serious, even when they
2. Slips generally occur are not from great heights.
when a child falls on a They may even be on level
slippery surface. ground.
3. TﬂﬁJg,O?CUtf V\t/hlfna Most people think the
cnlla’s 100t strikes an
object and he looses glderly are at far 'g'rezlater
his balance. Uneven risk of fall-related injuries.
surfaces or items left This is not true. Children  Figure8.7 (Ursy Potter Photography)
on the floor are common under the age of 12 are Children suffer contusions and bruises

culprits.

| likely t tai mainly to the head and face, fractures
nearly as likely 10 sustain a (mainly to the upper extremities),

fall injury as seniors aged and concussions. The most serious

64 and older. In the United States, nearly three million  consequences are head injuries.
children visit emergency rooms annually for fall related gj;:gg’stgﬁ%r;‘xltfzrotfhtehiﬁﬁéu&ls i
injuries, with most of these injuries occurring among  the type of surface he lands on.
children under four years of age (NSC Injury Facts; Safe
Kids).

While rates of injuries and hospitalizations vary among countries, falls remain the most
common cause of injuries in children of all ages in much of Europe* and the United States
(AIHW, 2002; CDC, 2005a; Nordin, 2004). Injuries are most common among children aged

5 and under.

* These European countries are Austria, Denmark, Greece, the Netherlands, Sweden, and Australia.
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Figure 8.8 (Ursy Potter Photography)

Children can identify ingenious methods to achieve their
goals, but they may not have the knowledge to understand
the potential for mishaps or accidents.

Most falls take place at home during children’s regular playtime, and between noon
and early evening. In the home, children fall from furniture, such as high chairs, beds, and
adult-size chairs and couches. They also fall from windows. Deaths can occur from hangings
on ropes or cords, such as those on window blinds or curtains.

Outside and at home, children fall from family play equipment, often injuring themselves
when they intentionally jump from swings or other equipment. Outside and away from home,
children fall from playground equipment and from bleachers. In both places, at home and
at school, children fall from stairs. While many children fall from a height, slips and trips
are also considered “falls” (Box 8.1 and Tables 8.2 and 8.3).
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CHILDREN AT RISK OF FALLING

Table 8.3 All Children Are at Greater Risk
of Falling than the General Population, but
Some Are at Particular Risk

1.

Preschoolers

Very young children
are at greatest risk

Boys fall more often
than girls

balance disor-
ders and who
are less mobile

2. Boys )
+ Boys sustain more
severe injuries
3. Children with « Reduced coordination

make it more difficult
to recover balance

Children who use

4. Wheelchair wheelchairs are likely
users to sustain fall-related
injuries
» Possibly due to:
Less supervision
5. Low-income Envi tal
children nvironmenta
problems such as
aging or deteriorating
housing
» More likely to fall
from heights
6. African-American | * Possibly due to:
and Hispanic Less supervision
children

Greater exposure to
urban, multiple-story,
low-income housing
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Figure 8.13

(Ursy Potter Photography)

Figure 8.14 (Ursy Potter Photography)

Stairs can present particular problems for falling
(see Chapter 15 for more information about stairs).



PRODUCTS

Many falls are associated with particular products. Table 8.4 lists products most closely
associated with falls.

Children and injuries

Table 8.4 Products Associated with Children’s Falls

Background

Risk Factors

Prevention Strategies

Windows are a source of
entertainment for children.

Children climb, stand on their
toes, and ask a caregiver to lift
them to peek through a window.

Living in
- apartments

« urban, low-income
neighborhoods

« overcrowded,

Do not rely on screens to protect
children (not strong enough).

Move items children can stack and
climb away from windows.

Never let children play around

- In the United States, each year deteriorated windows or patio doors.
3 nearly 5,000 children (mostly housi E hild i h
% toddlers) sustain injuries falling ousing ns(;”e chiidren cannot reach open
£ from windows. Most of these are | Unsupervised boys WINAows.
= head injuries. under age 3 are at Install window stops that block
Most falls occur in the spring greater risk. openings >10 cm (4 in.).
and summer. Set rules with children about playing
near windows.
Close windows or install child-safety
guards.
Most playground injuries involve | « Most injuries occur Recommended height varies from
children falling from playground on public play- 1.5-2.5 me (4.9-8.2 ft).
‘% equipment. géztér;(ljsséﬁgpemally One way to reduce height and
c Almost half of playground- da injuries is to replace jungle gyms
5 S e ycares). g . f
° related injuries are serious. with rope climbing frames.
5 - Most deaths occur N .
> Effective injury prevention steps
© on home play- ; ; :
= grounds. include reducing fall height,
providing absorptive ground
surfaces, and maintaining
grounds and equipment.
Stair falls can be minor (sprains, | « Younger children: Install safety gates at the top and
strains, and bruises) or serious. under 4 years of bottom of stairs, with a secure latch.
Among the most serious are ﬁgg are at greatest Mount safety gates so children
head and neck injuries. ) cannot push them open.
o + Children up to the Keep stairs f f clutt
[ age of 9 are also at p stairs iree of cluter.
g increased risk. Supervise children and do not let

them play on stairs.

If you allow a child to use a walker,
never allow its use near stairs.

Design stairs, handrails, and side
rails to fit children.

(continued)
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Table 8.4 Products Associated with Children’s Falls (Continued)

Background Risk Factors Prevention Strategies

» Baby walkers make children + Tipping over » Use stationary bouncers and
mobile before they are develop- A to stair playpens in place of mobile
mentally ready. * Access o stars, baby-walkers.

porches, or floor-

« Walkers with wheels make a level changes » When using a mobile walker, ensure
child more mobile, increasing its design is too wide to fit through a
access to hazards. standard doorway and stops the

walker at the edge of steps (ASTM).

« Stoves

Walkers

+ In emergencies, caregivers may
not be able to respond quickly
enough to a child’s greater
mobility and speed
(see Figure 8.15).

@ Spiegel and Lindaman (1977).

b See Chapter 28 for a detailed review of playgrounds and playground injuries. Also Mowat et al. (1998).
¢ These include fractures, internal injuries, concussions, dislocations, strangulation, and amputations.

4 Phelan et al. (2001), Tinsworth and McDonald (2001).

¢ See Chalmers et al. (1996), Macarthur et al. (2000), and Laforest et al. (2001).

f See Mott et al. (1997) and Siebert et al. (2000).

¢ See Chapter 15 for a detailed review of stairs and stair design for children.

» In 2002, nearly 4600 children aged 4 and
under were treated in hospital emergency
rooms for baby walker—related injuries.*

» Two children each year die from injuries
associated with walkers.

- Baby walkers cause more injuries than any
other nursery product.

» About 80% of the time, the caregiver was
actively supervising the child at the time of
the injury.

« Neither the American Academy of Pediatrics
(AAP) or the National Association for
Children’s Hospitals and Related Institutions
(NACHRI) recommend walkers.

National SAFE KIDS Campaign

Figure 8.15 (Valerie Rice)

* See Chapter 11 for further information on walkers.
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BLEACHERS

Children climb and sit on bleachers while attending
sports events with parents or at school. Bleachers are
tiered (stepped) and frequently do not have backs.
Most often, they are outdoors or in gymnasiums.

See Figures 8.16 and 8.17, as well as Boxes on
this page and the next for additional information about
bleachers.

Figure 8.16 (Valerie Rice)
Children fall from or through bleachers onto lower
surfaces.

Common types of bleachers
» Permanent and stationary (common in football fields)

+ Portable and movable (common at little league
games)

» Telescopic and folding (common in gymnasiums)
« Temporary bleachers

When do bleacher falls occur?

When the bleacher:

1. Is missing guardrails (sides or
back)

2. Has openings between guard-
rails, seats, and footboards are
large enough for a child to fit
through

3. Collapses after being opened,
closed, or maintained improperly

4. Has missing or broken assisting
components (handrails, aisles,
nonskid surfaces) are missing
or broken

5. Is older*

Figure 8.17 (Valerie Rice)

In 2002, about 3350 children under
15 years of age were seen in US
emergency rooms for falls from
bleachers.

* Old bleachers were not required to provide guardrails or small openings to prevent a child falling through. Most codes today do not require retrofitting.
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PREVENTION

In the United States, the Consumer Product Safety Commission
(CPSC) provides Guidelines for Retrofitting of Bleachers.* Although
voluntary, these have become de facto standards.

« Guardrails should be at the back and open ends of bleachers.t

» The top surface of the guardrail should be at least 106.6 cm (42 in.)
above the leading edge of the footboard, seat board, or aisle
beside it.

« Guard rails are not needed when bleachers are next to a wall at
least as high as the recommended guardrail height.*

« Children should not be able to pass under or through components
of guardrails or seating.$

+ Guardrails should not encourage climbing:
o Avoid a ladder effect.
o Use in-fill between vertical top and bottom rails.
o Avoid openings that may provide a foothold for climbing."
o Chain link mesh may not exceed 3.2 cm? (1.3 in.?).

- Incorporate aisles, handrails, and nonskid surfaces into retrofits
and replacements.

« When retrofitting, avoid new hazards that cause bleachers to tip or
collapse, tripping hazards, and protruding or sharp edges.

« Inspect with trained personnel quarterly.

« Only allow personnel with special training to operate bleachers.

The CPSC complete guideline can be downloaded at http://cpsc.gov and also http://www.childergo.com/recc-children.htm. CPSC Publication #330.

Where the footboard, seat board or aisle is at least 76.2 cm (30 in.) above the lower surface. The bleacher may be exempt if the top row is only at 76.2 m (30 in.).
At this height, a 10.2 cm (4 in.) diameter sphere will not pass between bleachers and wall.

All openings between elements of the guardrail or seating should prevent a 10.2 cm (4 in.) sphere from passing through, anywhere the opening would
permit. a fall of 76.2 cm (30 in.) or more. The 10.2 cm (4 in.) opening will prevent 95% of all children 4 months or older from completely passing through the
opening. The 4.5 cm (1.75 in.) opening in guardrail in-fill (to prevent a ladder effect) is based on the foot width of a young child.

T The width should not exceed 4.5 cm (1.8 in.) where foot can rest.
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SHOPPING CARTS

Children and injuries

Having a child strapped in a cart while shopping is a great benefit for caregivers. They can
move quicker to select their items and do not have to supervise their child quite as closely
as when he or she is on his or her own feet!

Sometimes  children  like
riding in carts and sometimes
they do not. Sometimes they kick
atthe cartto keep from being put
inside. They do not want limita-
tions on their free-range move-
ments! They may try to unbuckle
their belts out of curiosity or in
the desire to escape!

In 2003, just under 20,000 US
children under the age of 5 were
injured from falls associated with
shopping carts (CPSC). Most
sustained head injuries; some
were serious injuries such as
concussions and fractures.”

Shopping-cart falls involve:

» falling from carts
» striking objects while riding

+ being caught between objects in
the cart (Smith et al., 1996;
Friedman, 1986; Campbell, 1990)

Figure 8.18 (Valerie Rice)
Many children still want to ride on carts when they get older. They want
to stand on the front, back, or side of the cart or get inside the basket.

It is tempting for parents to do this because it seems easier to let a
child ride on the cart than to supervise a curious, busy child. However, a
child can easily fall when standing on a cart and sustain a serious injury.

Table 8.5 How to Prevent Falls from Shopping Carts

« Always use the restraint systems in shopping carts.

» Never let a child stand in the cart, even during placement into or removal from the cart.
Caregivers « Never let a child ride in the main cart basket.

» Never let children ride or climb on the sides, front, or back of the cart.

» Never let one child push another child in a cart, without supervision.

Manufacturers

» Include a picture of proper seating and wear of the restraint system in the cart.
+ Include warnings on carts where parents can see them.

« Include a lap belt and a strap between the legs, as children cannot as easily wiggle
out of seat belts having both.

« Wide belts exert less pressure over a small area.
» Buckles should not easily entrap or pinch small fingers.

Store supplying | * Inspect the carts regularly for broken pieces and frayed or broken seat belts.
cart » Post warnings for parents regarding the proper use of cart seats.

Communities « Provide public education on how to avoid shopping-cart injuries.

* (See Figures 8.18 through 8.22 and Table 8.5.).
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New shopping carts on the market

Figure 8.19 (Valerie Rice) Figure 8.20 (Valerie Rice)
Cart seats resemble infant car seats. The seat and This cart has a bench seat behind the basket for older
seat belts fray fairly quickly from near constant use. children. Bench seats give older children a more appropriate

restraint system for riding.

Figure 8.21 (Valerie Rice) Figure 8.22 (Valerie Rice)

Miniature shopping carts for children may These carts have seats that look like cars (with restraints).
help; many children are happy to “help” shop The child feels more in control in the “car” and has

for specific items for their own cart something to do as they “drive”

(not pictured).
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PREVENTING FALLS
Table 8.6 provides general recommendations for preventing children’s falls.

Table 8.6

Safety Recommendations to Prevent Falls?

Parents/Caregivers

Inside

Infants

o Never leave babies alone (unsupervised) on furniture even at a low height, including a bed,
changing table, counter, sofa, or chair.

o Keep crib sides up, even for babies who cannot yet push up on both hands or roll over.
o Lower the crib mattress when a child can sit alone or stand.

o Never use baby walkers on wheels.

o Put baby bouncers on the floor, not on a table or high surface.

Do not let children climb or jump on furniture, play on stairs, or run and jump while holding
sharp objects.

Always use safety straps on highchairs, preferably a five-point strap system.
“Child proof” your home.

o Do not leave toys or other items on the floor or stairs.

o Have clear paths for movement in the house, free of debris and furniture.

o Pad sharp edges of furniture, especially coffee tables and fireplace edges.
Barricade stairs at the top and bottom, using secure wall attachments.
Prevent slipping

o Secure area rugs with foam backing, double-sided tape, or other measures.
o Clean spills immediately, especially on slick floors.

o Consider installing nonskid stair runners.

o Wear shoes or slippers that fit and will grip the floor or carpet surface. Socks do not work
well on slippery floors.

o Place slip-resistant mats or stickers in children’s bathtubs.

o Keep soap and other objects off the floor of the tub and shower. Remove soap buildup from
the tub and shower floor.

o Place wall-mounted handles next to toilets and in bathtubs or showers.
Do not use tables or chairs as makeshift ladders, be a good role model for your children.
Keep wiring away from walking areas.

Outside®

Always supervise a child on stairs, decks, and high porches.
Remove anything a child can climb that is near a balcony rail.

Do not let your child play on fire escapes, in halls with windows that do not have window
guards, near elevators, and near or on stairs.

Always strap children into the stroller or grocery cart.

Do not let children play on roofs or ladders.

Remove damp leaves, moss, ice, and snow from walkways.
Cut back overhanging trees or bushes along walkways.

Make sure walking surfaces are clear and level (driveway, walkway), especially when they
are tiles, bricks, or stepping stones. Fill in holes.

(continued)
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Table 8.6

Safety Recommendations to Prevent Falls? (Continued)

Keep the home and walkways well lit, especially when outdoors at night.
Put tools and play equipment away after use, including ladders.

Keep your deck safe.

o Check local building codes.

o Build a 1 m (3.2 ft) handrail and guard or barrier on decks 1.2 m (3.94 ft) high. Use vertical
bars or slats that children cannot climb.

o o Inspect your deck for breakage, loose boards, and rotting wood.®
-% a Always supervise children when using playground equipment.
g ,g Teach children to use equipment properly.
E C=> Separate older and younger children during play.
§ Teach children to walk inside and run outside.
o Use gates to block access to stairs.
Be sure you can see where you are going when carrying large loads (or carrying children).
Ask for help if you cannot.
Entrance mats
o Use water absorptive mats to reduce tracking in water (makes floors slippery).
o Use mats with beveled edges that do not curl or slide.
o Recessed mats that are level with the ground surface are best.
g Adhere to child product regulations (e.g., slats on baby gates should be less than 3 cm
= [1.25in.] apart; crib slats 3.5 cm [1.375 in.] apart).
g Build entrance and room thresholds no more than 1.9 cm (0.75 in.) high to minimize tripping
2 (check local building codes).
§ Design for how children actually use products, rather than how children should use them.
Establish community education programs.
Target the most frequent and serious injuries that occur locally.
Encourage close supervision by caregivers.
Reward appropriate behaviors (e.g., “attaboys” with photos in the local paper).
_8 Provide home checklists for parents.®
§ Provide information on safe or recalled products (available from http://cpsc.gov).
E Develop a community §afety program,_mulch like a “community wa.tch.” Ha\_/e t_hem w_atph for
8 safe practices and equipment (cracks in sidewalks, adequate lighting), assist in modifying

playgrounds and check to be certain that playground equipment meets CPSC guidelines.
Have classes for parents and other caregivers (including babysitters).

Offer free classes for local schools (children often carry their learning home and teach their
parents).

(Sibert et al., 1999)

@ See Figures 8.23 and 8.24 also.

® For further information, please refer to Chapter 12 (Toys); Chapter 15 (Stairs); Chapter 17 (Vehicle Safety),
and Chapter 28 (Playgrounds).

¢ Especially where it attaches to the house and under the stairs.

4 See for example, checklists at http://cpsc.gov
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Figure 8.23 (Valerie Rice) Figure 8.24 (Valerie Rice)

While it is not always possible to “design out” all risk factors, it is important ~ Above right, a boy climbs atop a statue
for designers of products and places to consider how a child will view of a lion. While the area is matted,
them. Above, designers have placed a drain next to a set of stairs. There is if the child fell and hit his head on

no barrier between them. In the photo, the adults are using the stairs while the concrete statue or statue base, he
the children are climbing up (and playing on) the drain and the concrete could sustain a serious head injury.

area between the drain and the stairs. The area is steep and hazardous for
children, yet attractive as a “play area”

BURNS

INTRODUCTION

Burns are one of the most horrifying and painful injuries a person can experience. Rehabilitation
from burns can take months or even years of medical treatment, therapy, and counseling.

Resulting scar tissue can be fragile, influence joint movement, and interfere with normal
processes such as sweating. This means the scar tissue will influence a child’s ability to
exercise or spend time outdoors.

More people die in fires than all natural
disasters. Most could have been avoided. Burns are the third leading cause of uninten
Most burns to children are accidental. A child tional injuries among children under the age
reaches for her mother, pulls on her arm, and of 1; eighth among children under the age of
spills hot coffee. A youngster dashes through 4 (NCIPC, 2003).
the kitchen and hits the handle of the pan on | . Emergency-room practitioners treat nearly
the stove and hot spaghetti sauce spatters. A 100,000 children a year with burns. Most
2_vear-old pulls on a cord and a curling iron or of these involve thermal burns (>72), scalds

y e P _ . g (~%), and chemical and electrical burns.
clothing iron falls onto his skin. An adolescent . . T
“h " with his friends in his bedroom | ° Over 1000 children die from burn injuries
angs out- with n (KKH, 2005).
while waiting for his parents to come home
from work. They take turns seeing who can hold a lit match the longest, playing a deadly
game of “chicken”—but no one wins in this game.

We can prevent most accidental burns and scalds by changing the design of
environments and the way we do things (Safekids, 2005). Table 8.7 contains more infor-
mation about burn injuries among children.

Burns in the United States
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Table 8.7 Burn Injuries among Children

« House fires cause most deaths among children, while most burn-related
hospitalizations and outpatient treatments for burns result from scalds by hot liquids.

o Products that cause burns include hair curlers and curling irons, room heaters,
ovens and ranges, irons, gasoline, and fireworks.

o Each cause has different risk factors, but human error—judgment, behavior, or

Where and ; ) .
Why Do both—is the primary culprit.

Children « Children’s errors occur in innocence.

gﬂff:,’,' « Children are curious about everything. They reach; they run—if they can see it,

they want to try it! They do not have the same fears and understandings that older
children and adults have.

« Children are injured more often and more severely because their skin is thinner than adults.

« Children’s skin burns at lower temperatures and the burns are deeper than the skin
of adults who are exposed to the same temperature for the same time period.

« Children under the age of 2 are most likely to be admitted to hospitals for burn injuries
(Stockhausen and Katcher, 2001).

o These children are burned by scalds from spills or hot baths, contact with hot items
(e.g., clothing or curling irons), and direct exposure to flame.

o Less commonly, they are burned by corrosive chemicals, high voltage, and other

What Children conditions.

Are at . « Preschoolers sustain three out of four severe burns and scald injuries.
Greatest Risk? o ]
o These occur most frequently in kitchens and (secondly) in bathrooms.

« Older children tend to have more access exposure to fire.

- All children are at risk for electrical and chemical burns, particularly if homes lack
smoke alarms.

« Boys are at greater risk of burn injuries than girls.

FIRE
Most fire-related deaths occur in homes. In typical home fires, In the United States:
residents have only 2-3 minutes to get outside safely. . Four out of five deaths
Most home fires start in the kitchen or from heating equip- from fire occur in homes
ment. Kitchen fires can start from overheating cooking oil or g;ge{’ 2003 using 2002
accidentally placing something flammable near the cooking '
surface » Twenty percent of
: . L deaths from fire occur to
Most home fires occur in winter months, when occupants turn children (CPSC, 2005).
up the heat,. build ﬂr_es, and use portable heating devices (CDC, 5 @rating I el Bl
2005). Heating appliances, such as portable space heaters, can cause of death from
inflame items that are too close to the source of heat. home fires (NFPA, 2005).
Most victims of fires die from smoke or toxic gas inhala- . Alcohol use contributes to
tion, rather than fire. The effects of the inhalation can make it about 40% of fire deaths
more difficult to think, move, and escape (Hall, 2001). T NS (S, Jees))

* In the United States, 4,000 people die in a home fire annually (USCPSC, 2005a); someone dies in a fire nearly every 3 hours and an injury occurs every
37 minutes (Karter, 2003 using 2002 data). Among industrialized countries, Canada and the United States have two of the highest death rates from fires.
However, over the last 20 years rates have decreased in the United States more than in any other Western nation, now nearly equaling those in some
European and Pacific Rim countries (USFA, 2000).
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Figure 8.25 (Ursy Potter Photography)
Fire fascinates many children. While it is dangerous,
it is also a source of joy as Zan blows out his candles
or cooks over a campfire. Such mixed messages are
difficult for young children to reconcile.

Only children of 18 months and over can strike
a match.

Young children do not escape fires as easily as older children and adults. They frequently
hide under a bed, in a closet, or in a wardrobe to escape the fire. They are often afraid of
bright lights, loud noises, and uniforms of the firefighters, who try to rescue them.

CAUSES: Causes of fires include home heaters, kitchen cooking equipment, cigarettes
and matches, candles, and electrical elements (see Figures 8.25 and 8.26 and Table 8.8)
(USCPSC, 2005a).
Wood- or coal-burning stoves, and kerosene,
gas, or electrical space heaters cause about a fifth
of all home fires.” In all cases, read and follow the
instructions that come with the heater. All of these
heating systems are readily accessible to children.
Many sit on the floor, within children’s reach.
Children can touch them or lay things on them, not
realizing the danger of burning themselves.

Design a “kid-free” zone

» Never let children play close to heaters.
« Keep heaters out of children’s reach.

Table 8.9 displays values for 95th
percentile forward functional forward
reach for boys and girls. This measure
does not include stretching or moving the
body into specific postures to increase
the reach distance. Therefore, to be safe,
add several inches to the 95th percen-
tile—reach data.t

Figure 8.26 (Valerie Rice)

Space heaters are usually within children’s
reach. Children can touch them, lay things on
them, or pull them too close to their seating, not
realizing the risk.

* Room heaters are potential sources of carbon monoxide poisoning. Every home that uses any of the following should have a U.L. approved carbon
monoxide detector: unvented kerosene and gas space heaters, chimneys, furnaces, water heaters, wood stoves, or fireplaces. Carbon monoxide is colorless,
odorless, and the symptoms are similar to the flu, so most people would not recognize exactly what is happening, unless they have an alarm. See CPSC’s
Web site fire safety checklist at http://cpsc.gov

" For example, a 7-year-old child can add 10 cm (4 in.) by stretching and 19 cm (7.5 in.) by both stretching and leaning to reach an object, while a 12-year-old
can add 14 and 25.4 cm (5.5 and 10 in.), respectively. The added reach depends on the child’s size and balance.
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Table 8.8 Fire-Related Problems and Solutions

Problems

Solutions

« If there is a problem with the heater
or the pilot light is lit incorrectly, gas
can escape, accumulate, and ignite
explosively.

« Many sit on the floor, within
children’s reach. Children can
touch them or lay things on them,
not realizing the danger of burning
themselves. .

Gas-Fired Space Heaters

Read and follow manufacturer’s instructions on using
gas space heaters.

Do not use unvented heaters in small, enclosed areas.
This way, if there are problems with the heater, you
avoid carbon monoxide poisoning.

Propane heaters (LP) that have gas cylinders in the
body of the heater are prohibited in most states and
localities in the United States. Do not use them.

Light the pilot according to the manufacturer’s
instructions.

If matches are necessary for lighting the pilot, light them
before turning on the gas so you do not let gas buildup.
Keep matches out of reach of children.

Establish “kid-free” zone around heater (Table 8.9).

« Human error can result in an
accidental fire, such as:

o refueling while the heater is
operating, possibly starting a fire

o spilling flammable liquids, which
consequently catch fire

storing flammable liquids near the | .
heater or near where people
smoke :

Kerosene Heaters
o

« Heaters often sit on the floor, within
the reach of children. They can be y
knocked over and children can
touch them or lay things on them,
not realizing they may burn
themselves or start a fire.

Know your local and state codes and regulations for
using a kerosene heater.

Do not use gasoline in a kerosene heater.

Use containers with labels and check the labels before
use to avoid mistaking gasoline for kerosene.

Place heater securely, so it cannot be knocked over.

Place heater where, if it falls over or catches fire, it will
not trap you.

Only use grade I-K kerosene to avoid sulfur dioxide
emissions.

Check and recheck the pump if you buy kerosene from
a gasoline station. Use the kerosene pump, not the
gasoline pump.

Refuel the heater when it is NOT operating.

Refuel the heater outside so spills of flammable material
do not occur inside.

Ventilate the room where the heater operates (e.g.,
door open or the window ajar).

Do not store flammable liquids and fabrics near an
open flame.

If a flare-up occurs, do not try to move the heater or
smother the flames with a rug or a blanket. Use the
manual shutoff switch and call the fire department.

Establish a “kid-free” zone around the heater
(see Table 8.9).

Do not permit children to refuel or assist with refueling.
Lock flammable liquids where children cannot access
them.
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Table 8.8 Fire-Related Problems and Solutions (Continued)
Problems Solutions

« Do not keep combustible materials near the heater, place

. Most fire-related deaths and iniuries them a minimum of 0.91 m (3 ft) away. This includes
due t : rtable electric heat 'rJu ! clothing, towels, and papers. Do not place heater too
ogc?u:)ag?\i aht?/vﬁi?ecovsneerz gr: close to a bed. Making this part of the “kid-free” zone will

) sleeping 9 encourage the same behaviors from children.
% One problem mav be that portable - Do not use extension cords, if possible. If you use an
g ‘ eIectP‘c heaters rZ ‘e e tF:ans'on extension cord, read the power rating on the cord to
o cordslthat are bi q:r' thar)1(the ! make certain it is as high as the heater requires. Do not
= owners choose It%guse (to handle place anything on top of the cord, including rugs and
§ i rrent carpets. Use cord protectors to prevent children playing
[T & current). with or tripping over cords.
0 . .
% : gg&bﬁi'bfamsa;?ﬁz stored too « Do not place heaters on top of furniture, including
%' y cau re. tables, chairs, book cases, and cabinets.
= gfefrt]ﬁésresr']tv?/ﬂ;hczmglrjcvr\]"m'enn:eaCh - Do not use heaters to dry wet clothing or shoes.
knock them over, or lay things on « Place the heater where a person or pet cannot knock it
them that may be flammabile. over.

« Establish a “kid-free” zone around the heater (Table 8.9).

« Install wood-burning stoves in accord with building
codes.

« Inspect stoves according to the instructions that
accompany the stove, generally twice a month during
the months of use.

: ge?r;:rltJ?)tflt)tlr?er?\?)trﬁgaslfr&?grglgege « Have professional chimney-sweeps clean the chimney.
mistakenly placed near the stove, « Avoid smoldering fires to decrease creosote buildup.
causing a fire. « Protect floors at least 45.7 cm (18 in.) beyond the stove

o | Children may play in or near the using a code-specified or listed floor protector.
o stove, try to burn items in the wood .
2 stove. or touch the hot stove. + Locate the stove away from combustible walls (check
7 . stove instructions).
3 ’ mlér.nan error may contribute to a « Do not burn household trash in a stove, as this can
() ' cause the stove to overheat and children may try to
= o Burning trash in the stove “help” burn trash.
o Using flammable materials to « Do not use gasoline or other flammable liquids to start
start the fire wood-stove fires, as it can explode.
o Failing to clean the chimney « Do not use coal unless the manufacturer labels it as an
properly appropriate use.

« Teach children about dangers of combustible materials.

« Do not let children play around or use stoves without
supervision.

« Establish a “kid-free” zone around the stove (Table 8.9).

(continued)
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Table 8.8 Fire-Related Problems and Solutions (Continued)

Problems

Solutions

« Children are intrigued by the

moving, colorful flames and may
play with the fire, try and burn
things in the fire, or sit too close to

Keep fireplaces clean.

Use a fireplace screen.

Burn only wood (or other approved material).
Always have a responsible adult supervising the fire.

Young children do not realize the
consequences of their actions and
may try to reach over the candle or
knock it over inadvertently.

Human error sometimes results in
forgetting the lit candle and leaving
it for hours or going to bed while it
remains lit.

§ the fire (Figure 8.27). Use professionals to clean the chimney annually.
g,' Human error can contribute to fires: Be certain the fire is completely out before stopping the
ic » Burning trash creates sparks that supe.r%ns![gn (Ieanr_wg the house, going to bed, or simply
may escape and cause a fire ceasing to supervise).
» Failing to clean the chimney Teach children about fires and fireplace safgty. Store
properly ignition sources in locked areas or where children
cannot reach them (Table 8.9).
Establish a “kid-free” zone around the stove (Table 8.9).
Do not place flammable items on or near the range,
including pot holders, towels, plastic utensils, and
cookbooks (paper).
- Do not wear loose clothing while cooking. Fasten loose
f= . or long sleeves up with pins or elastic bands. They
< More than 100,000 fires a year catch on items and catch fire more easily.
o begin when people are cooking. It is ) i
o the main cause of home fires Do not reach across the range top while cooking.
-]
£ (Ahrens, 2001). Do not place items children might want over the stove,
@ Electric appliances account for such as candy or cookies.
2 | nearly twice the number of fires as A responsible adult should supervise cooking (Figure 8.28).
o gas appliances. . ] ) i }
g Teach fire safety to all family members, including things
like putting a lid on grease fires.
Turn pan handles inward, so they do not protrude into
the travel area in front of the stove and children cannot
accidentally bump them as they pass.
Children are attracted by the
flickering light produced by a
candle. They may reach for the
flame not realizing the danger. Keep candles and ignition sources out of reach of
As noted above, candles are children (Table 8.9).
associated with birthdays and Supervise the use of candles and put them out before
younger children may attempt to leaving the area or going to bed.
» blow them out, possibly either .
< knocking them over or spreading a Use sturdy holders that do not tip and are not
2 spark. flammable. Place them where people and pets cannot
S knock them over.

Never use candles near flammable material, such as
clothing, bedding, and papers.

Be especially careful during holidays. Fires due to
candles nearly double during Christmas (NFPA, 2005).
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Table 8.8 Fire-Related Problems and Solutions (Continued)

Problems

Solutions

« Electrical cords, extension cords,
and wall outlets can cause electrical
burns in children.

« Almost two-thirds of electrical burn
injuries happen to children 12 years
old and under.

« Improper installation or use of

Childproof outlets.
Place plastic plugs in electrical outlets.

Replace cords or plugs that are loose or fraying.
Replace appliances that spark, smell unusual, or
overheat.

Do not overload outlets.

© = !
2 electric wires and devices can also Use bulbs of the correct wattage for fixtures.
T cause fires. . )
§ _ _ Be careful about home repairs as fires can start from
w | - Children are curious and go through improper installation of electrical wiring or devices.
a stage when they like to insert . .
things (including their fingers, keys, Never run electrical wires under rugs.
spoons, and other items) into Never place lamps or night-lights so they touch
openings. flammable materials such as bedspreads, curtains, or
- Some older children even wonder clothes.
how “much” of a “shock” they might Establish clear “no-touch” rules for younger children.
get and try it on purpose.
Eh
g than others. See section below on clothing.
' erpnostt) a}(llsfltr)srsblnrﬁl?rt]hlpg Ceimkl Fabrics that are difficult to ignite and tend to
urn, but some bu ore quickly self-extinguish include 100% polyester, nylon, wool,
than others. .
and silk.
' .(r:]lé)lth(;gg thae};:gglsters]_mh(istoof;esn Cotton, cotton—polyester blends, rayon, and acrylic
Inclu paj , nightgowns, ignite easily and burn rapidly.
robes, shirts or blouses, pants or
slacks, and dresses. Tight weaves or knits and fabrics without a fuzzy or
_E’ . Clothing ignition starts most often napped surface ignite and burn slower than open knits
< othing ignition starts most ofte or weaves or fabrics with brushed or piled surfaces.
° from matches, cigarette lighters,
3 and candles; however, it can also Clothes that are easily removed can help prevent
start from close exposure ranges, serious burns.
open fires, and space heaters. , Lo .
Follow manufacturer’'s care-and-cleaning instructions on
« Deaths and injuries of children due products labeled “flame resistant” to ensure that their
to fire were reduced by 95% follow- flame-resistant properties are maintained.
ing the Flammable Fabrics Act in the . . . .
sleepwear be flame retardant. ! P pwear.
« Flammable liquids often cause fires.
8 Gasoline is the most frequent
‘5 cause, but others include acetone,
E benzene, lacquer thinner, alcohol, Store flammabile liquids outside the home or in specially
o turpentine, contact cements, paint designed cabinets for flammable materials.
o) thinner, kerosene, and . -
«Es charcoal-lighter fluid. Mgke certain flammable liquids are out of reach of
= children.
& |+ Theirvapors are invisible and can
T ignite by a simple spark at a fair

distance from the liquid.

(continued)

275



Ergonomics for Children: Designing products and places for toddlers to teens

Table 8.8 Fire-Related Problems and Solutions (Continued)

Problems

Solutions

« Many home fires start by cigarettes
or lit ashes falling onto upholstered
furniture. y

» No standards currently exist,
although the CPSC has long consid-
ered them. *

» Standard methods of testing and
classifying the ignition resistance of |*
upholstered furniture can be
purchased from NFPA.2 .

Upholstered Furniture and Mattresses

Furniture made in the last 10 to 15 years and furniture
that meets the requirements of the Upholstered Furniture
Action Council’s (UFAC) Voluntary Action Program have
greater resistance to fire of cigarettes. Look for a gold
tag with red lettering that states “Important Consumer
Safety Information from UFAC.”

Check furniture where smokers have been sitting for
smoking materials.

Do not place ashtrays on arms of chairs where they can fall.
Purchase furniture made primarily with thermoplastic
fibers (nylon, polyester, acrylic, and olefin). They resist
ignition better than cellulose-type fabrics (rayon or cotton).

High thermoplastic contents have greater resistance to
cigarette ignition.

Never smoke in bed. It is a frequent cause of fire deaths
in homes.

Place heaters or other fire sources at a minimum of
0.91 m (3 ft) from the bed.

Use only mattresses manufactured since 1973.

Do not glorify smoking or use of fire to children, so they
feel more “grown up” if they try either.

Try and limit smoking in front of and around children (this
can help with their respiratory health also). Never have
children responsible for empting ashtrays.

& NFPA Standards 260, 261, and 272 address flammability of upholstered furniture. NFPA Standard 284
addresses mattress flammability. See www.nfpa.org

Table 8.9 Forward Functional Reach Standing to Grip Recommendation for “Kid—Free” Zone around
In Home Heaters (360°)?
(Snyder, 1977; all measurements rounded up in cm)
Age n Boys and Girls [cm (in.)] 5th—-95th Percentile [cm (in.)]

2-3.5 62 39.70+3.1 (14.84+1.22) 35.50—45.40 (13.98-17.87)

3.5-4.5 77 43.10+3.6 (16.97+1.42) 37.80—49.70 (14.88-19.57)
4.5-5.5 74 45.40+3.4 (17.87+1.34) 40.4-51.5 (15.91-20.28)
5.5-6.5 76 48.50+2.9 (19.09+1.14) 44.2-53.3 (17.40-20.98)
6.5-7.5 74 50.70+3.2 (19.96 +1.26) 46.2-56.1 (18.19-22.09)
7.5-8.5 64 52.90+2.7 (20.83+1.06) 47.8-56.8 (18.82—22.36)
8.59.5 80 55.50+4.1 (21.85+1.61) 49.2-64.1 (19.37-25.24)
9.5-10.5 74 57.70+3.3 (22.72+1.30) 52.8-64.0 (20.79-25.20)
10.5-11.5 94 59.90+3.0 (23.58+1.18) 53.4—66.6 (21.02—26.22)
11.5-12.5 91 62.10+3.8 (24.45+1.50) 56.3-67.7 (22.17—26.65)
12.5-13.5 97 64.90+4.5 (25.55+1.77) 57.6-71.6 (22.68-28.19)
13.5-14.5 80 67.00+4.3 (26.38+1.69) 59.4-74.1 (22.60—29.17)
14.5-15.5 87 67.70+3.8 (26.65+1.50) 61.3-73.4 (24.13-28.90)
15.5-16.5 63 69.60+5.1 (27.40+2.00) 60.9-76.4 (23.98—-30.08)
16.5-17.5 70.6 70.60+5.0 (27.80+1.97) 62.0-78.7 (24.41-30.98)
17.5-19.0 44 70.70+£5.4 (27.83+2.13) 63.0—-80.90 (24.80-31.85)

@ This does not account for stretching or leaning.
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Figure 8.27 (Valerie Rice) Figure 8.28 (Valerie Rice)

Daniel works in front of the family room fireplace. Trying to be helpful, Kiran climbs onto

Although the fire is out, he sits much closer than a the kitchen shelf and reaches to turn off

“kid-free” zone would permit. the alarm above the stove. While avoiding
This fireplace has a retractable “screen” pulled back on the range top, she could easily slip, or her

both sides. It helps prevent sparks from flying out of the hair or clothing could catch fire. Adult

fireplace but can still get very hot. supervision requires constant vigilance

around an active “helpful” child.

SOLUTIONS:

Early warnings: smoke detectors (alarms)
Time is critical when there is a fire.
Depending on people to notice there is a fire can cost precious minutes as they may not
smell the smoke or they may be overcome by fumes. Time is lost when people try to put
the fire out themselves, investigate to see if it is “really” a fire, or assume it is a false alarm
(see Box 8.2 and Figure 8.29).
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Automatic systems save time: Although almost 92% of
. , American homes have
. Most automatic alarms change two steps (detection and smoke alarms, about
alarm) into a single step. g”e'th'rd goﬂno_t work
. . ecause batteries are
« Automatic alarms that also alert fire departments changg worn or missing (FEMA),
three steps (detection, alarm for those in the home, alerting

fire department) into one.”

BOX 8.2
What type of smoke detector?

» These basic types are fine:

° lon: Reacts faster to open flaming fires,
usually the least expensive

° Photoelectric: Reacts faster to
smoldering fires, reacts less to cooking

Does the power source matter?

+ A long life battery (lithium, 10 years)
means you do not have to replace it as
often.

» Regular batteries (typically 9 V) require
annual replacement or when the alarm
begins to “chirp” (often starts in the middle
of the night when the temperature drops).

» Household electrical power. A “redundant
system” helps, by having a battery backup

in case the main power fails. Figure 8.29 (Valerie Rice)
« “Hush” buttons let you turn sound off Two-thirds of home fires that kill children under the age
easily in false alarms. of 5 happen in homes that do not have smoke detectors

(USFA, 2005a).

» Smoke detectors with alarms reduce the risk of dying in a
home fire by 50%.

« Installing both a smoke detector and sprinkler system cuts
the chance of death by 82%."

* Although occupants must cancel the alarm when the fire is insignificant or false, it is an effective method of prevention. Automatic sprinkler systems
begin to fight fire even before the fire department arrives.

¥ A home fire-alarm system alarms doors, windows, and spaces within the home for break-ins; monitors for fire or intrusion by reporting to a security office
(and checking with the owner by calling their phone), where they report the information to your local police or fire department. They can be expensive and are
most often found in larger, more expensive homes. One benefit is that information is available for special circumstances, such as a disabled family member who
may need special assistance.
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Recommendations:

1. Install smoke detectors at home (Box 8.2).
Check local codes and regulations; some require specific detectors.

2. Use enough smoke detectors.

a. This may represent one on each floor, one near the bedrooms, and one near the
kitchen.

b. If you close the door to your bedroom when you sleep, put an alarm in the bedroom,
particularly if someone smokes in the bedroom or there is a TV, an air conditioner, or
other major appliances in the bedroom.

c. If the door is open when you sleep, an alarm close outside the bedroom will detect a
fire in the bedroom.

3. Placement: Smoke rises; place alarms on the ceiling.*

a. Place alarm at least 1 m (3 ft) from supply registers of forced air heating systems
(that might blow on the alarm preventing it from detecting smoke).

b. Place alarm at least 1 m (3 ft) from doors to kitchens or bathrooms that contain
showers (steam can set the alarm off).

c. Do not place alarms in kitchens and garages (cooking fumes and car exhaust are
likely to set them off when there is no fire).

d. Do not place alarms in unheated attics and crawl spaces—electronics do not work
properly when too hot or cold.

4. Test monthly to be sure they work.

a. If it uses regular batteries, replace them annually.

b. Select a day, such as “turn your clock, replace your batteries” or “spring clean your
batteries too.”

c. Replace detectors that “chirp.”

5. Never remove batteries to stop an alarm. Open windows and doors instead.

6. Clean smoke detectors. Excessive dust, grease, or other material may impair its function
(vacuum grill).

7. Replace alarms every 10 years or as the manufacturer recommends.
If you have persons with hearing disorders, get an alarm that also has a visual strobe.

* Alternatively, place it 15.2-30.5 cm (6-12 in.) below the ceiling on the wall, with the top of the alarm no closer than 10.16 cm (4 in.) or further than 30.5 cm
(12 in.) from the ceiling.
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Fire extinguishers (PASS):

1. Keep fire extinguishers where you can get them easily,
but keep them out of children’s reach (see Table 8.9

and Table 8.10).
2. Use them on small fires only, after calling the fire
department.

3. Have an all-purpose extinguisher on each floor (Box 8.3),

in the kitchen, basement, garage, and workshop.

All-purpose means you can use them on grease and

electrical fires. Use them properly (Box 8.4).

4. Know how to check them for function. Know when to

replace them (Figure 8.30).

o O

Many fire departments recommend keeping a fire
extinguisher in your car and boat.

BOX 8.3 SELECTING A FIRE EXTINGUISHER

Extinguisher types:

Class A: Ordinary combustibles: wood, cloth, paper, rubber,
and many plastics

Class B: Flammable liquids: gasoline, oil, grease, tar,
oil-based paint, lacquer, and flammable gas

Class C: Energized electrical equipment: wiring, fuse boxes,
circuit breakers, machinery, and appliances

1. Look for the independent laboratory testing seal.
2. Size product to your needs.
Portable extinguisher may empty in 8 seconds.

Do not fight a fire if you also have to fight to breathe.

Figure 8.30 (Ursy Potter
Photography)

Young children should not
operate fire extinguishers.
Place them conveniently.
Know how to use them. Have
them inspected regularly.

3. Match the type of fire extinguisher to its use.
Labels on extinguishers show list of which of the three
classes of fire it can extinguish:

a. A red slash through the fire signifies it cannot put out.

b. A missing symbol signifies the extinguisher was not
tested for that class of fire.

c. A number tells the size fire the extinguisher can put
out.

d. Larger numbers signify it can extinguish larger fires.

e. Multipurpose labels indicate you can use it for all
three.

4. Do not use extinguishers for Class A fires on grease
or electrical fires!

BOX 8.4 MEMORY AID FOR USING

FIRE EXTINGUISHERS

1. Pull the pin

Release lock with nozzle pointing
away from you.

2. Aim low

Point extinguisher to the base of
fire.

3. Squeeze lever slowly and evenly
4. Sweep nozzle from side-to-side
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Sprinklers Home fire sprinkler systems can activate while the fire is in its early stages.
These slowly discharge water from the home water system.

Homes do not flood as the result of discharging fire sprinkler systems. They are less
expensive when being put into a new home than when retrofitting an older home.* Even
with sprinkler systems, smoke alarms are necessary.

Escape plan Fires are emergencies. When it happens, there is no time to hesitate
and think about what to do and where to go. Therefore, design the plan and practice in
advance, so the process is automatic.

Table 8.11 Design a Plan for Escape

- Have two ways out for every room.

« Make certain the way out (egress) is clear of furniture or other objects. Have one escape ladder
for each upper-floor bedroom—for those who can use it.

« Screens and windows must open easily.

» Make certain it is easy to remove the window safety bar with a “quick release.”

« Establish a place to meet outside.

« Explain the plan to all family members; everyone must react automatically in a real fire.
« Write, diagram, and post the plan. Ensure babysitters see and understand it.

« Practice the plan.

Establish a Family Escape Plan

« Kids will enjoy the role-play, and it may save their lives. See if everyone can be out and at the
meeting place in 3 minutes, the time it generally takes to get out safely. Hearing the alarm during
practice will keep them from being afraid of the sound during a real fire.

« The plan (route and meeting place).
« To alter their route, if the first route is blocked by smoke or fire.

- To test the heat of a closed door by touching the back of their hand (lightly) to the top of the door,
the doorknob, and the crack between the door and doorframe.

- If the door feels cool, have them brace their shoulder against the door and open it slowly, if heat
and smoke come in, they should slam it closed.

» To low-crawl through smoke.
To stay in the room with the door closed if all routes of escape are blocked.
« Not to stop to try to get anything: no toys, no special games, just get out! Not to hide inside.

Teach Children

« To call 911 and give the home location.

° Young children can learn the important facts about their address and phone number if they
learn it in a song. It does not need to rhyme and you can use any easy, familiar tune.

« To stay out once they are out.
» Not to be afraid of firefighters. Let them see pictures or photos of firefighters in full dress.

« Whom to ask for if parents do not come out (relatives, neighbors).

* In the United States, current costs range per area of the country, but in general the cost is about $1.50 per sq ft in a new home and from $2.50 to $5.00
per sq ft for an older home.
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WHAT CHILDREN NEED TO KNOW:

BOX 8.5 POINTERS FOR CHILDREN ABOUT FIRE

« Fire is a tool, not a toy.

- Fire is fast, hot, dark (smoke), loud, and deadly.
« Never play with matches, cigarettes, or fire.

« Never play with candles or hot candle wax.

» If children find matches or lighters, tell an adult
rather than picking them up.

« How to stop, drop, and roll if their clothes catch fire.
How to smother flames, such as with a blanket or
with dirt, if outside.

» How to handle smoke: cover their mouths and
noses with a damp towel or piece of clothing while
leaving the building (but do not go look for
something if it will slow the process of getting out).

« How to look for fire exits in buildings and planes as
they enter.

- To avoid elevators if there is a fire.

» Not to go too close to heaters, stoves, fireplaces,
grills, and ovens and not to leave items that could
burn on, near or in them.

« Cook only with supervision.

» Not to play with electrical cords or sockets and to get
help plugging or unplugging things into wall sockets.

» Not to place blankets, toys, towels, clothes, or
anything else on top of a lamp, as the bulb can
cause things to ignite.

BOX 8.6 WEBSITES TO HELP TEACH
CHILDREN ABOUT FIRE

The United States Fire Administration’s Kids’
Web site at http://usfa.fema.gov shows a boy
(Marty) and his turtle (Jett). They guide
children through an interactive fire safety
program. Children find fire hazards in the
house, receive cheers for correct answers,
and can even earn (and print) a junior fire
marshal official certificate for themselves.

http://safetypub.com provides a Children’s
Fire Prevention handbook, free for individuals.
It includes quizzes on fire safety, pages to
color, and ideas for developing an escape
plan.

http:/redhotdots.net This site features Bud
the Dog, Dan the Fire Man, and The Red Hot
Dot.

http://firesafety.buffnet.net This site lists fire
prevention children’s activities that can
include hands-on activities. Any educational
program can use them, such as communities,
schools, or parents.

http://firepreventionweek.org This site uses
Sparky, the dog, to educate children about
fire safety. It has a section on sleepover
safety and many games featuring
Sparkyville, Danger Dog, and Tales from the
Great Escape.

ADULT CAREGIVERS:

1. Keep flashlights where you can find them: next to your bed or the children’s
bedrooms and in other strategic locations such as the living or family room or
basement. They are useful to help getting out, but also for signaling for help.

2. Make certain emergency personnel can read the address of your house easily
and quickly, day or night. Every second counts.

3. Put emergency numbers and your own address by your phone for children or
babysitters to read. They may panic and forget.

&

5. Never fight a fire if:

. you have to fight to breathe
. the fire may block your exit
« you do not have the right equipment

Get everyone out and call emergency services before trying to fight a fire.
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6. Stock a first aid kit. Include ipecac. Teach family members where it is and how
to use it.

Know basic first aid for burns.

8. “Fire-proof” your home. Build according to Code and:

~

. use flame-resistant materials on walls and ceilings, use flammable materials
sparingly

. purchase flame-resistant furnishings

. compartmentalize rooms (it limits the spread of fire and smoke) and have doors
that close off various areas of the home

. keep exit routes clear, without clutter

FIRE SAFETY AND PEOPLE WITH DISABILITIES: \While it is not known how many people
with disabilities are injured in fires, some estimate that 7% of fire victims have a physical
disability, 3% have physical and mental impairments of aging, and 2% have a mental
disability (NFPA CHO and NACFLSE, 2000).

Caregivers of children with disabilities must consider their child’s abilities when planning
fire prevention:

1. For children who have hearing difficulties or are deaf, use smoke alarms with
flashing or strobing lights. The intensity must be high enough to wake a sleeping
child.”

2. Purchase alarms with buttons that are large and easy to push. Those you can

test with a flashlight or television remote assist people with low vision and mobility

problems. Explain and demonstrate their use to children.

Make provisions for children with disabilities in the escape plan.

If quick mobility is a problem, seriously consider a residential sprinkler system.

o

US Fireworks Facts (USCPSC,
2005b):

« About 8800 people were

FIRECRACKERS
Fireworks are a traditional way of celebrating certain events,

such as the 4th July (American Independence Day) and treated in emergency rooms
New Year's Day. Some theme parks set off fireworks every for injury in 2002 (half of

. : . L them were under age 15).
evening to signal the end of the day and give visitors a spec- o
tacular view to end their outing. . 38;;//"3‘;'”1“”93 occur around

There are individuals that study the art of explosives and o

become professionals at creating stunning displays. Yet, |* Mostinjuries are burns to
. . . the hands, eyes, and head.
many people like setting off explosives themselves, adults Child g 4
: . . ildren under age

and children alike. . receive the most injuries

The US Consumer Products Safety Commission (CPSC) from sparklers.
regulates the sale of certain types of fireworks and after |, Boys aged 10 to 14 receive

7 years of data collection, their conclusion states: the most injuries from
fireworks.

* This follows UL. standard 1971 and a number of companies have these alarms available including Ace Hardware Corporation, BRK Electronics, Gentex
Corporation, Kidde Fire Safety,and Menards, Inc.
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“In instances where legal types of fireworks were involved in accidents, either from misuse or
malfunction, the resulting injuries were relatively minor and did not require hospitalization.”

lllegal fireworks cause about one-third of the injuries, which can be more serious. All fire-
works are potentially dangerous, even sparklers burn at over 1000° F. Children see only the
fun and excitement; they do not understand the danger. It is up to the adults to supervise
and protect children. Box 8.7 lists US Federal Regulations for Fireworks; Box 8.8 contains
some internet sources of information.

Recommendations (USCPSC, 2005b):

Leave the fireworks to professionals.

If you must use them, do so with extreme caution.

Read and follow all instructions that come with fireworks.

Check local and state laws, as many US states prohibit consumer fireworks of a
certain class.

Light fireworks in areas that are open and clear. Keep away from houses and items
that may “catch” a spark and ignite, such as dry grass or leaves.

Light one at a time.

Never hold any part of your body over the fireworks (in the line-of-fire).

Wear eye protection when lighting.

Keep water nearby for emergencies.

If a firework malfunctions, soak it in water and throw it away. Do not continue to try to light it.

Keep track of people who are around while lighting fireworks.

Do not use containers for fireworks, especially glass or metal.

Keep unused fireworks away from firing areas.

Read and follow all instructions for storage, typically store in a dry, cool place.
Never use homemade fireworks.

Never carry fireworks in your pocket.

Soak fireworks in water before throwing them away.

For Children:

Closely supervise children during fireworks.

Never let them play with or light the fireworks. Even sparklers can ignite clothing.
Make certain they are out of range before lighting fireworks.

Do not let children run around when using fireworks; confine their activity to a specific
and safe area.

Store fireworks out of reach of children.
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BOX 8.7 US FEDERAL REGULATIONS FOR FIREWORKS

Federal Hazardous
Substances Act

Prohibits the sale of dangerous types of fireworks to consumers

Large reloadable mortar shells

Cherry bombs

Aerial bombs

M-80 salutes

Larger firecrackers containing more than two grains of powder
Mail-order kits designed to build these fireworks

USPSC Regulation,
December 6, 1976

Lowered the permissible charge in firecrackers to no more than 50 mg of
powder.

Set specifications for fireworks other than firecrackers.
Fuses must burn at least 3 s but no longer than 9 s.

All fireworks must carry a warning label describing necessary safety
precautions and instructions for safe use.

USPSC Regulation,
March 26, 1997

Set requirements to reduce tipover of large multiple tube mine and shell devices.

BOX 8.8 FIREWORKS SAFETY RESOURCES ON THE WEB

http://nfpa.org

http://medem.com

1. The National Council on Fireworks Safety Web site contains injury statistics and US state laws.
http://fireworksafety.com

2. The Prevent Blindness America Fireworks Safety Web site provides guidance on injury prevention,
specifically blindness.

http://preventblindness.org
3. The Fireworks Safety Fact Sheet contains facts about safety, including a lesson plan for educating children.

4. This site by the American Academy of Ophthalmology concentrates on preventing eye injuries.

SCALDS

As a new Occupational Therapist, my treatment focus was children. A precocious black boy
was brought to me one day for evaluation and treatment. He was three or four years old, his
eyes sparkled, his laugh was infectious. The entire pediatric staff was in love with him. | was
no exception. | helped him with hand skills. Each of his fingers had been partially amputated
from being held under hot bath water. Yes, it was a punishment, but no, his caregiver had not
anticipated the result. They did not understand the skin and tissue vulnerability of a small child.

(Rice, 2006)

A severe scald can kill a small child because their skin is thinner and more vulnerable than the
skin of an adult. Exposure to hot tap water (140° Fahrenheit) for three seconds will result in a
third degree burn, meaning the child will require skin grafts. About 80% of caregivers with young
children in their homes do not know the temperature setting of their hot water heater.

(Safekids, 2005)

Table 8.12 shows scald injury information and potential solutions.
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Figure 8.31 (Valerie Rice)

Hot baths are the second most frequent cause of scalding burns among children.

More deaths and hospitalizations are due to hot tap-water than any other hot liquid.
Children’s skin is thinner than adult skin, so children can burn at temperatures that are
acceptable for adult bathing.

288



mjuries

Children and

"SOl10.) 84B0S U0 Juswysiund jou ‘uoneonpa pue Buljesunod pasu Usyo Ualp|Iyd asay L
(3n 00 a1e218)s0)0UOSN|d//:d1Y) sienesally BunoA yum Bupiom ao1nes e ‘snuenbyy 108[oid -
(n°B10°neainquonuasaiduos.ie//:diy) neaing uoluaAald UOSIY Y] -
(rnoB-ewayelsny/:diny) weiboid UolUBABIH PUB |0JJU0D UOSIY J9119Sall4 S|IUSAN( [BUOIEN Y]
:se yons sweiboud ol1oads wolj uonewloul ¥99s pue Jauoniioeld aied yyesy e }nsuod ‘sally 19s Ajg1elaqiiop 01 wWaas oym uaip|iyd 1o

‘(0861 ‘Auyey)) € jo abe ay) alo0joq HelS sWos pue
(0861 ‘uewsulq) skoq pjo-1eah-0| 0} -G SI S8jelS pajiun 8yl Ul sall spess jey) dnoib 1sebiel eyl (6661 ‘VSHS) SpIo-1eah-1| 0} -Z| Ajisow ‘a1 yum
pake|d aney Aay) 81els uspams Ul UaIp|IYd|o0yds Jo %08 AlUeaN (G661 ‘UBwauIH ‘6661 ‘YSHS) wopaiog 10 Alsound 0} anp os[e si Buimas aii4

(a500z ‘v4sSn) Aidwae ale jey; sbuipjing pue ‘sisysdwnp ‘spjaly uado ‘sjooyos ale syebue) [eaidAy Jiay |
"WISI|EPUEBA JO S10B Jay1o moys Aew pue sally Bumas jo Aioisiy e aaey Asyl seiels panun ayl uj 'shkog aq o} pudl 8sodind uo saui 18S oym uaipjiyo

(5002 ‘OHg) 81 abe Japun sAoq a1am Jeah yoes uosie
1o} Buiuiem e panssi Jo A)in6 punoy sjenpiaipul 8y} Jo jiey Ajgrewixoidde ‘6661 Pue G661 Usamiag seep\ pue puelbug ul (95002 ‘Y4SnN) 18bunoA io
sieak O] aJe %G pue SS9| J0 P|O SIBdA G| ale jjey Isow|e ‘Sjsalle Uosie |[B JO 9%GG dn ayew g jo abe ay} Japun uaip|iyod ‘saiels pauun ayl uj (6661
‘WYSHS) uaipiyo Aq 18s ale 9,08 pue %0G usamiaq ‘@sodind uo JeaA e sadly 000°0 | bl 81doad ‘uspamg uj “Aj1elaqIep S} UeIS Uaip|iyd swos

(05002 ‘Y4SN) Bumaes-auiy aininy 4oy Msu
8|3} 8reisuowap pue ‘suIb Jo sAog aq ued ‘siapasall) S,ualp(iyd | 0 %09 asudwoo ‘Q| abe Japun ‘snouind Ajjensn aJe Ajjeluspiooe sally Yels oym
ualp[iyD ‘pasiniadnsun ale uaip|iyd usaym ‘s}asojd J0 Swoolpaq ul Uels sally Auepy a1} yum pake|d aaey pjnom uaipjiyo |[e Jo ey ‘gl jo abe auyy Ag

(5002 ‘Vd4N) (uonendod o1 eAne|a.) selels perun 8yl ul uey) ueder ul Jajlews yonw

pue epeue?) ul Jajjews si saliy bumas Ajjeluspiooe pue yum BuiAeld uaipjiyo jo wajqosd syl "uaip[iyd |1 Feyl Salij 8u} JO %0g JOA0 18S ualIp|iyo ‘salels
pauun ay; uj "Apuanbaly 1Sow sally 9S8y} UBIS OYM SBUO By} ik SBA[aSWaUY)] SI89j00ydsald 'siajooydasald Buowe syieap palejal-ali jo asned Arewnd
ay} ate Aay] "G abe Japun uaip|iyo | Apsow seweb, asay] ‘sieybi| 1o sayorew yum Buikeid Aq Ajleluspiooe 1l op wiay} JO 1SO “Sall} L.l ualp|iyd

S34Id 14V1S OHM N3HATIHD :3SVI 1VIO3AdS V

289



Ergonomics for Children: Designing products and places for toddlers to teens

POISON

PROBLEM

Poisonings can occur from both naturally occurring environmental toxins (e.g., radon
and arsenic) as well as from human-made toxins (e.g., cleaning agents and medicines).
Children’s risk of poisoning increases because of their behavior, knowledge, physiology,
and exposures (see Table 8.13). As the Chairman of National Poison Prevention Week
Council, Soloway (2004) wrote:

Every day, parents, grandparents, and caregivers are faced with children who develop new skills,
seemingly overnight. We celebrate when children begin to crawl, walk, and climb. But those same
developmental milestones coincide with an insatiable curiosity to explore the world—and one way
that children explore the world is by picking things up and putting them into their mouths. Pills and
berries look like candy, liquid cleaning products and automotive fluids look like soft drinks, and wild
mushrooms just look like dinner.

(Soloway, 2004)

Other poisonings happen over time through passive environmental exposures. While
these are less understood or recognized among the general population, they are no
less damaging.

Figure 8.32 (Valerie Rice)

Children act quickly and so do poisons. Young
children explore by putting things into their
mouths. They cannot tell the difference between
food and poisonous materials.
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Table 8.13 Risk Factors for Poison-Related Injuries among Children

Behavior

Very young children explore their world by putting things in their mouths (even dirt and bugs).
Young children love to mimic their parents and other adults.

¢ They may eat medicines they see adults eat or ingest chemicals or cleaning agents their
parents use, because they do not know the difference.

Knowledge

Most poison-related injuries occur because children cannot tell the difference between toxic
materials and acceptable food and drink (Figure 8.33).

Physiology

Children’s bodies are less able to handle poisons because they are physically smaller and have
faster metabolisms and respiration.

Children absorb nutrients (and poisons) more quickly than adults, given the same exposure level.

° For example, since a child’s respiratory rate is faster, they inhale proportionally twice as much
as an adult who is exposed to the same level of an airborne toxin (EPA, 2005).

As organs, the nervous and musculoskeletal systems are developing, they are more vulnerable
to damage. Acceptable exposure guidelines, developed for adults, may not be acceptable for
children.

Exposure

Many contaminants are either in the soil or at higher concentrations at ground level—where many
children like to play, including radon, pesticide vapors, and mercury.

Since small children crawl and play on the ground, they may come into greater contact with
environmental toxins.

It is unknown exactly how early exposure to toxins will affect function in later life, yet scientists
are setting “lifetime exposure rates.”

This recognizes the fact that exposure to toxins, such as pesticides, may result in cancer many years later.

Table 8.14 Poisoning Statistics for Children

Deaths

« Annually, about 50,000 children up to 14 years of age die from unintentional poisonings
worldwide (WHO, 2002);2 In the United States, about two children under the age of 5 die each
month from accidental poisonings (Stratton, 2004).

« Low-income countries have more cases of unintentional poisonings of children because they
lack the product-safety regulations and more effective education and emergency response
programs found in more affluent nations.®

Injuries

« Most accidental poisonings occur in children.

« Every 7 minutes a US child under the age of 5 arrives at an emergency room for accidental
poisoning; this equates to 78,000 visits annually.

+ 90% of suspected exposures are from household products (CPSC, 2005).

- Children under age 6 are at greatest risk, as they account for over half of the poison exposures
(Litovitz, 2001). Even so, older children are also at risk; children over age 5 accounted for about
20% of emergency-room treatments during 2002 (NPPWC, 2005a,b).

Phone
Enquiries to
Poison Centers

« About half of all calls to poison centers in New Zealand are about children (NPC, 2001).

+ In the United States, emergency call staff receive 6500 emergency calls each day; half of
these involve children under the age of 6 (Soloway, 2004). Over 1 million calls a year are for
children under age 5 (CPSC, 2005).

@ Children’s deaths by poisoning account for about 5% of deaths by injury in less developed countries and
about 2% in developed countries (Bates et al., 1997).
b For example, the death rate is 20 times higher in Vietnam than in Austria, Australia, or Germany.
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WHEN AND HOW ACCIDENTAL POISONINGS OCCUR

Ninety percent of accidental poisonings occur in the
home (Litovitz, 2001, Box 8.9). Inthe United States, poison
control call centers receive the most phone inquiries
regarding poison exposure of children between 4 and 10
p.m. and during the warmer months. Both of these times
are when more children are at home and parents may be
busier, such as preparing meals and getting ready for
bed in the evening (NPPWC, 2005a,b).

Agents: Most deaths, injuries, and phone inquiries
regarding poisons are for children’s exposure to
household agents, that is, plants and medicines found
in and around the home (CPSC 2005; Box 8.9). This is
followed by cosmetics and agricultural agents (CPSC,
2005; NPC, 2001; NPPWC, 2005a,b). In the United
States, 60% of exposures are of nonpharmaceutical
agents; 40% are pharmaceuticals.

Figure 8.33 (Ursy Potter Photography)

Many poisonous products look like and come in similar
looking containers, to drinks or food. Cleaning agents and
juices often look alike, as do some candies and pills. Store
food, household, and chemical products in separate areas.
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BOX 8.9 COMMON

HOUSEHOLD POISONS FOR

CHILDREN

« Personal care products
(cosmetics)

o Cleaners

« Over-the-counter pain
relievers

» Hydrocarbons (lamp oil,
furniture polish)

- Plants

- Pesticides

« Art supplies
« Alcohol
« Supplements (vitamins, iron)

The risk of poisoning
depends on:

how easily children can
find and access the
product

its toxicity

how quickly the poison
acts

how long it takes to get
emergency assistance
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GENERAL SOLUTIONS

Preventing accidental poisonings requires design
changes at micro (product packaging) and macro
(national and community) levels.

The design changes include:

« Child-resistant packaging

. Labeling

« Product reformulation

. Caregiver education

- Nationally accessible poison control centers
- Appropriate interventions

CHILD-RESISTANT PACKAGING: Child-resistant
packaging will not keep all children out of containers
holding potentially harmful substances; some children
will find a way to open them. Even so, these designs
provide an additional barrier that helps slow children
down, enabling a caretaker to intervene and take the
substance from the child before they have a chance
to ingest it.

Poison Centers

The World Health Organization lists
worldwide poison control centers at
their Web site: http://who.int

In all areas of the United States, a
person can call a single number—
(800) 222—-1222—and talk with
local experts including nurses,
pharmacists, and physicians who
will answer questions or talk a
caregiver through helping a child
who has been exposed to a
potential poison.

There are 62 poison control centers
in the United States. These also
provide community education
through handouts, Web sites, and
on-site talks.

The lack of child-resistant packaging products and the

For children aged 4 and
under who have ingested
oral prescription drugs
(NPPW, 2005b):

« 23% of the medications
belong to someone who
does not live with the child

« 17% belong to a parent or
great-grandparent®

misuse of packaging increase risk. For example, many daily
and weekly pillboxes are not child resistant. Adults may not
believe children can reach or ingest medications.

Packaging misuse occurs when adults take medications
(or other household products) home and repackage them in
nonresistant containers. Sometimes child-resistant tops are
difficult to open, so adults leave the top slightly ajar. The con-
venience is not worth it when small children are in the house.

Poisonings also occur when children visit homes that do

not normally have children living there, or when visitors who
do not live with children come to visit a home with children.

* In the US, two million children live in a households headed by a grandparent (Cosby et al., 2004), so there could obviously be other reasons, in addition

to children not being around as frequently, that contribute to this statistic.
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Child-Resistant Packaging
The Poison Prevention Packaging Act*

Goal: Reduce accidental poisonings by providing a barrier to access for
children under the age of 5.

Regulation: Packaging must prevent at least 80% of those children tested
from opening the container during a 10 min test, according to the US
Consumer Product Safety Commission (USCPSC).

The Environmental Protection Agency requires that most pesticides be in
child-resistant packaging.

Has child-resistant packaging helped? Absolutely. The USCPSC
estimates that since the requirements went into effect (1972), about
900 lives have been saved. The estimated fatality reduction is 45%.

Does this solve the problem? No! No packaging or cap can totally
prevent children’s access. Parents and other caregivers need to be
careful to lock products where children cannot reach them and carefully

supervise children when the products are in use.
National Poison Prevention Week Council FAQs

http://poisonprevention.org

LABELING: Labels provide information
to users on how to use a product, as well
as information on ingredients and poten-
tially harmful effects.

In the United States, labels for hazardous
materials must include:

» the words Warning or Caution

- alist of the ingredients that are at a
hazardous level

« a description of possible harm, if the product is
used improperlyt

« instructions on how to use the product properly
and safely

« a phone number for information (usually the
manufacturer)

- if the product is not appropriate for children, the
label must say so

Overall Prevention Tips

Physical designs are the best, because they
eliminate human error. However, no label or
packaging design will be 100% effective in preventing
accidental poisonings. Education can help prevent
mistakes due to lack of knowledge. Box 8.10
shows some common misconceptions about
preventing poisonings among children.

* Products covered include aspirin and aspirin substitutes (acetaminophen, Tylenol), oral prescription drugs, drugs and dietary supplements containing
iron, ibuprofen, antidiarrhea medicines (loperamide), preparations containing lidocaine and dibucaine (anesthetic medicines), mouthwash containing 3 g
or more of ethanol (alcohol), naproxen, ketoprofen, certain types of liquid furniture polish, oil of wintergreen, drain cleaners, oven cleaners, lighter fluids,
turpentine, paint solvents, windshield washer solutions, automobile antifreeze, fluoride-based rust removers, minoxidil, methacrylic acid, and hydrocarbons
(hydrocarbons are in many automotive additives and degreasers and cosmetics such as baby oils and nail polish remover).
" In an attempt to help children who are too young to read and understand labels, the Children’s Hospital of Pittsburgh invented Mr. Yuk. Parents and
caregivers can explain the meaning of the symbol, obtain them from poison control centers, and place them on objects within the home. These stickers are free.

See Chapter 14 on Warnings for more details about “Mr. Yuk.”
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Additional tips to prevent accidental poisonings:

Keep poisonous products out of reach and in locked areas (Table 8.9 and Table 8.10

provide reach information for children).

Keep toll-free nationwide poison control center number (in the United States: 800-222-1222)

and other emergency medical service numbers near every telephone.

° Information to include: the child’s age, height, weight, and health history; what, when,
and how much was ingested (inhaled or splashed on the skin); whether the child
vomited and the child’s current behavior. If told to go to the hospital emergency room,
take the poison with you.

Keep activated charcoal at home—use on advice of a poison control center or a

physician only.

Keep ipecac (ip-eh-kak) at home—use on advice of poison control center or a

physician only.

Stay informed.

- Know which household products are poisonous. For example, the alcohol content in
mouthwash can make it poisonous, if ingested in large amounts.

Be cautious; supervise children esp. when adults are using poisonous products.

Use extra caution during mealtimes or during disruptions of the family routine, many

poisonings occur during these times.

Know symptoms of poisoning (Box 8.11) (NSKC, 2005).

Figure 8.34 (Valerie Rice) Figure 8.35 (Valerie Rice)

Often the instruments for measuring out dosages are difficult to read or use. One report revealed that 70% of parents
or caregivers were not able to measure the correct dose when giving over-the-counter medicines to their children
(NPPWC, 2005a,b).
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BOX 8.10 COMMON MYTHS

Myth

Reality

As long as | keep medications in
child-resistant containers, my children
are sufficiently protected.

There is no such thing as a childproof container. Child-resistant
containers are designed to slow a child’s opening the container,
S0 a caregiver can intervene before the child can ingest the
contents.

Children will not drink or eat items that
smell or taste bad.

Children eat and drink items that have strong, unpleasant odors
and tastes, including pine oil cleaners, bleach, gasoline, and
diapers.

As long as | am there, my children will
not pick up things they should not to
eat or drink. It is only when they are
alone that | have to worry.

Most poisonings happen while the product is in use. Keep an
eye on your child when cleaning or using cosmetics.

If | place cleaning products and other
poisonous substances up high, my
children will be safe.

Parents often believe they are placing items high enough,
however:

« Children often climb in order to access cabinets, even those
above the stove and refrigerator.

» Parents underestimate children’s reach, climbing abilities, and
curiosity.

COMMUNITY APPROACH

Steps that can affect poisonings on a

local level:

1. ldentify poisoning trends in your

community or school.
2. Raise awareness among

communities about local and

national trends.

BOX 8.11

The child:

« is sleepy though it
is not bedtime or
naptime

SYMPTOMS OF POISONING

« cannot follow you
(or another object)
with their eyes

« experiences

3. Teach parents, caregivers, and
children how to identify causal
agents and prevent accidental
poisonings, and teach their
children about poisons.

4. Participate in a National Event:

« National Poison Prevention Week
annually in March. Community-
and school-based activities are
available at http://aap.org

. National Lead Poisoning Week
in October. Information is
available at http://epa.gov
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nausea, dizziness,
vomiting, diarrhea,
rapid heart rate, or
low blood pressure

may have a rash
or burn

The child’s:

eyes may go back and forth or in circles

vision may be double or they may have no vision
mouth appears burned or stained

breath smells strange

behavior may be different from normal
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SPECIFIC CAUSAL AGENTS AND SOLUTIONS

Appendix A contains a poison supplement on causal agents and solutions. These include
lead, arsenic, carbon monoxide, art supplies, and household items (Figure 8.36).

Figure 8.36 (Valerie Rice)

Children at greatest risk of accidental poisoning from
eating plants are toddlers and young children who are
still experimenting with putting items in their mouths.
Ingestion of plants or plant parts can cause minor illness
or risk of death, depending on the plant and the size and
susceptibility of the child. Some cause highly allergic
reactions. The best solutions are to know your plants
and not keep poisonous plants in or around the home. If
you must have them, fence them so that children cannot
reach them (see Appendix A for more information).

CHOKING

INTRODUCTION

In the United States, mechanical airway obstruction from
choking, suffocation, and strangulation is the leading

My son had choked on a hot dog

cause of unintentional injury, resulting in death of chil- and | just couldn’t believe it. He
dren under a year old (Box 8.12). It is the fourth leading was gone within 5 or 6 minutes.
cause of death in children aged 1 to 9 years, surpassed Joan Stavros Adler
only by motor vehicle injuries, drowning or submersion,

. Her son Eric was only 4
and fire or burns (NPIPC, 2000).* years old.

Children less than 3 years of age are at highest risk of
death and injury from mechanical airway obstruction. This is
due to their immature anatomy and developmental stage.
Young children:

Eric Stavros Adler Web site
http://ericadler.net

. do not have a fully developed set of teeth for thorough chewing

. have airways of a smaller diameter and their swallowing mechanism is immature and
less effective than an adult’s

. lack experience and cognitive skills to avoid choking (for example, they forget to eat
slowly and chew well)

. have a natural tendency to put everything in their mouths

* Some progress in the prevention of deaths from unintentional suffocation has been made through federal regulation and public education. In the United
States, the death rate from unintentional suffocation for children aged 0 to 4 years has fallen from 3.46 in 1981 to 2.78 per 100,000 in 1998 (NCIPC, 2000).
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Figure 8.37

Figure 8.39

298

Ergonomics for Children: Designing products and places for toddlers to teens

(Valerie Rice)

(Valerie Rice)

Figure 8.38 (Valerie Rice)

Children under age 1 are most at risk of choking. Children
choke on everyday items, including common foods. It happens
in a matter of minutes and more often than most people think.
The implications are serious; choking can cause death or
permanent brain damage.

The child above puts a noisemaker into her mouth and then
crawls with it in her mouth. Although cute, it is small enough
for her to choke on. Toys small enough to choke on will
generally fit through a 1.25 in. (3.2 cm) circle or are shorter
than 2.25 in. (5.7 cm) long for children under 4.

A Detter idea is to give children items that they can easily grasp,
but are too big for them to choke on, such as the teething ring
on the left.
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BOX 8.12 CHILDREN AND CHOKING

Definitions

» Choking—the interruption of respiration by internal obstruction of the airway, usually by food or
small toys in young children.

 Suffocation—obstruction of the airway from an external object that blocks the nose and mouth,
such as a plastic bag.

« Strangulation also results from external compression of the airway from an object, such as a
string caught around the neck.

Facts

» There were over 17,000 visits to US emergency rooms for nonfatal choking in children aged 14 or
younger (60% on food and 31% on nonfood items).*

Sixty-two percent of toy-related fatalities are from choking and suffocation or asphyxia.

The greatest risk is among children under age 1; risk decreases as children grow older.

Injury from unintentional suffocation is more common in males than in females.

About every 5 days, a child in the United States dies from choking on an object.

WHY DO CHILDREN CHOKE?

MOUTHING: One reason why young children choke is because they put so many things into

their mouths. Young children mouth items to explore their environment. It is a natural and

normal part of their development (see Chapter 2 on developmental stages in children).
Children under age 3 and especially those under the

age of 1, spend the most time mouthing objects. They What happens when a child

also put the greatest variety and number of items in their chokes?

mouths. - Air enters the lungs via the
Children will put almost anything into their mouths, with- trachea (windpipe). Choking

occurs when an item goes into

out qlscrlmlnatloq, mpludmg their own diapers, restraints, the trachea instead of the
bathing and cooking items, even furniture and safety gates. esophagus (food pipe).

The risk for choking increases when they begin to craw| . Coughing may remove the
and walk, as they have greater access to household items item if the object is not too far
(DTI, 2002). into the trachea (epiglottis).

« It is a medical emergency
when an item totally blocks the

EATING: Many parents do not realize that some foods airway.

are hazardous for their children, even some of the more
common foods that children like, such as hot dogs and
lollipops. Yet, these foods, as well as others, pose a danger to children (Table 8.15).

Young children’s mouth muscles are not as strong as adults. Their molars (for grinding
foods) come in at about 12 to 18 months of age, but it can take another 2 years or more
until they are fully in. If they cannot chew their food, it means they will try to gulp their food
and swallow it as a whole, putting them at risk of choking.

* Based on 2001 data. In this year there were 169 choking deaths among children ages 14 and younger (30% on food and 70% on nonfood items).
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Some teething medications numb mouth and throat muscles. This could make it more
difficult for children to swallow. Children may also eat too quickly, walk or talk while they
eat, or gulp their food due to hurrying or distractions.

Some foods fit exactly into a child’s windpipe, effectively blocking their breathing. Hot
dogs are an example. They are soft and mold somewhat to fit the windpipe, especially
when cut horizontally.

PREVENTING CHOKING
Prevention is the first line of defense for any hazard.

FOODS: Most childhood choking injuries occur while eating. Children are most likely to
choke on small, round foods (Rimell et al., 1995). Table 8.15 lists food types that may pose
choking hazards, Table 8.16 lists common foods children choke on and suggests choking
prevention measures. Table 8.17 lists general prevention strategies (also see Figures 8.40
and 8.41).

Some children will try to pack many small items into their mouths at once, such as raisins.
Cooking them until they are soft and mushy will prevent them from being a choking hazard.

Figure 8.41 (Ursy Potter Photography)
Each of the foods pictured above is a favorite of children:

Figure 8.40 (Valerie Rice) popcorn, grapes, hard candy, carrots, and hot dogs. Yet, each
Teach children the international symbol for can also be a choking hazard. Table 8.16 and Table 8.17 give
choking (above). suggestions on choking prevention with these (and other) foods.

While prevention is the first line of defense
for any hazard, preparation for emergencies
can save a life. Know basic emergency first
aid and cardiopulmonary resuscitation
(CPR) techniques.*

Emergency medical treatments for infants
and young children differ from those for
adults.

* The American Academy of Pediatrics recommends the American Heart Association’s Pediatric Basic Life Support course (800-242-8721) or the American
Red Cross’s Infant and Child CPR Course.
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Table 8.15 Characteristics of Foods that Pose Choking Hazards

Food Characteristic

Danger Examples

Firm, smooth, and slippery

foods

Slides down a child’s throat before

they have a chance to chew it Nuts and hard candies

Small, dry, and hard foods

Difficult for children to chew and

they may attempt to swallow them Popcorn, raw vegetables, hard

whole pretzels

Get stuck in airway and do not Peanut butter, sticky candies (taffy,
Sticky or tough foods break apart easily for removal caramel), gum, meat, dried fruits,

from airway marshmallows

Fibrous, tough foods

Meats (steak, roast, and other
fibrous meats, including meat
jerky), bagels

Hard to chew so children may try
to swallow them whole

Table 8.16 Serving Suggestions to Prevent Children from Choking on Foods

Foods

Suggestions

Hot dogs and sausage
links

Cut hot dogs lengthwise and then horizontally, not in round slices

Hard candies including
jelly beans

Do not serve to children under age 52

Grapes

Remove seeds, slice into 0.6 cm (0.25 in.) pieces and crush

Nuts

Chop into small pieces or avoid for children under age 5

Raw vegetables or fruits

Cook until soft and mash®

Popcorn

Do not serve to children under age 5

Raisins

Cook until soft and mushy

Fruit with seeds or pits

Remove seeds, chop into 0.6 cm (0.25 in.) pieces or cook until mushy

Meat

Remove bones, cut into 0.6 cm (0.25 in.) pieces. Serve only very tender meats

Frozen banana pieces

Do not serve to children under age 5

Cheese chunks

Cutinto 0.6 cm (0.25 in.) pieces

Peanut butter

Never serve on a spoon, spread thinly over bread or crackers

Note: In general, caretakers should cut food into pieces that are <0.6 cm (0.25 in.) for infants and <1.3 cm

(0.5in.) for toddlers and children aged 5 and under.

a Some health care professionals suggest breaking the candies into smaller pieces, which a child can suck
on, but this is not recommended.

b These include carrots, broccoli, cauliflower, and apples.

301




Ergonomics for Children: Designing products and places for toddlers to teens

spJezey Bupjoyo asod jey; spoo} jo Buljege «

sjusploul Bujoyo pooy Jo eseqelep [euoleu B ysijqeis -

[[eoa. oy Ayoyine uonensiuiwpy Bnig pue poo -

:9pNjoul 0} UaJp|Iyod 1o} spiezey Bupjoyo asod jey) spooy o} suonenbal dojpasqg

suolsabbns J8yi0
O
‘Aemuie ue ¥00|g o} AjoyI| 10U ale Jey) SaIoua)IsISU0D 10 ‘sazis ‘sadeys ojul (1ayaid uaip|iyo asoy) Ajjeloadss) spooy ubisopay - M.
S
‘pezey Bujoyd e asod jey) Spooyj uo siaalbales 1o} suonsabbns ind - W
"uaJp|Iyd Joj saunjoid ul pue sianibaieo Joj abenbue| ejeudoidde ur sbulueming « | 3
"uaJp|iyo BunoA o} psezey Bupjoyo jueoiiubis e asod jey spooy uo sbuiuiem ing - m

$180NP0Id P00

"awin Ul plIyo Buijoyd e 1sisse 0] 1aA0 |ind 0} pue BuIoyd PJIYD B 82110U 0] JSALIP B 10} 1NDIIP SI 1| "Sied Ul 1es 0] ualp|iyo Bunok moje jou oQ

‘Buimojems pue Buimayos ajiym ybne| 10 Yjel ‘uni yem ‘ysni o} uaipjiyd Moje Jou oqg
‘Bunes Jiayl 0} uonuane Aed pue umop mo|s ualpjiyod djsH
‘Bunesa ajiym suonorIISIP SZIWIUIN

suonoesiq

‘Alybnoloyl mayd pue saliq [[ews axe} 0} Uaip|iyd yoes |

‘Bunes s[iym s uaip|iyo aneH

‘BuiAio Jo Buiybne| ate Asy} ajiym sjuejul pes} Jou 0

‘sjaunpjuel) pue sebesnes wolj suys ybnoy enoway «

'so0a1d [jews Olul 8S88YD pue Jeaw 1)

‘uaJp|iyo BunoA 1oy spooy piey ploAe 1o ‘ejelb ‘ysew 300D

‘G bk 01 dn si9|ppo} Jo} ("ul G'Q) WO £°| ‘Slueyul 40} (*ul Gg'0) WO 9°0 :1s9q aJe sadald Aull ul ale U0 AjIsea aA|0SSIp 1By} SpPoo
"9A0QE pauoiuUaW suoliepuswwodal Buinies sy mojjo4

buinies

'spoo} areudoiddeur uaipjiyo
JabunoA pasj Ajuayelsiw 1o Aliadoid pooj 1nd Jou op uayo Aayj ‘uoisiaiadns Jnpe Inoyim ualp|iyo JabunoA pasj o} sbuligis moje 10u oQq

"ualp|iyo 0} a|gejieAe Ajisea aiow pue o ale syoeus adAl-}npe usym sbuuieyieb Buunp |njeleos Ajeloadse ag

Mw  dn-uds, umo J1ayl uo axoyd ued Ageq
e Jo Aemiie s piyo e %00|q ued gnog dn-paddoid e se ‘seoq Buisn saiqeq sepnjoul siy| “Buiies aie Asy ajiym ualpiyo asiniedns shemy

uoisiniedng

sionibaien

poo4 uo Bupjoy) jusaald 0} suonsabbng jeleusy) /1'g djqgel

302



Children and injuries

TOYS AND OTHER NONFOOD CHOKING

HAZARDS: Children also choke on

items

other than food. Most often, these include
small items left around the house or small
toys or toy parts (Table 8.18). Although most
choking injuries occur in children under age
3, older children also put things in their
mouths and choke on them (Figure 8.42).*

Table 8.18 Children Choke on
These Nonfood ltems

Household Iltems

Arts and crafts | Ballpoint pen

materials caps

Ball bearings Buttons

Coins Jewelry
Pieces of plastic

Paper clips packaging or
bags

Pieces of

paper, foil, .

plastic, or Safety pins

metal

Small pieces of
hardware
(screws)

Watch batteries

Small Toys o

r Parts of Toys

Toy cars with
removable
rubber wheels

Plastic “bricks”
such as Legos

Plastic beads

Small balls
(including
marbles)

(balloon string
strangulat

Deflated balloons

s can also be a
ion hazard)

Figure 8.42 (Valerie Rice)

Choking injuries occur most often among children
under age 3 and particularly among those under age 1
who are still “mouthing” Yet older children also put
objects in their mouths, such as this little girl holding
a guitar pick in her mouth.

In the United States, the Child Safety Protection
Act (CSPA) bans toys that children under age 3
might choke on, breathe in, or swallow.t For similar
toys for children from ages 3 to 6, the CSPA requires
warning labels on the packaging. Toys small enough
to fit through a 3.2 cm (1.25 in.) circle or toys that
are smaller than 5.7 cm (2.25 in.) long are unsafe for
children under 4.

* The risk of choking is higher in homes where there are older brothers or sisters. This may be because toys with small parts are more available.
T Other countries have similar standards, such as Australian Standard AS1647. See Chapter 12 on toys.
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Table 8.19 Prevention of Choking on Non-Food Items

Parents and Caregivers

Purchasing

Adhere to recommended age ranges when purchasing toys.

Some parents purchase toys that are not appropriate for their children, in spite of labeling (see
Chapter 14). Reasons include:

o Some parents do not understand why a toy is hazardous and view the warnings as informational
only (Langlois et al., 1991).

o Some parents think their children are more mature than the “average” child and therefore are
able to handle products for older age children.

Do not use pacifiers or rattles that will easily break (be especially aware of using items not
specifically made for use as a pacifier or rattle).

Be careful about purchasing toys from manufacturers that do not adhere to specific standards
(such as from other countries or homemade toys). Ask the maker about the safety, breakage,
and small parts.

Consider purchasing a “small parts tester” to evaluate whether small toys or other items may
present a choking hazard. In general, toys that fit through a toilet paper tube (smaller than
3.17 cm x5.71 cm (1.2 in. x 2.2 in.)) are hazardous for young children.

Be careful of toys from vending machines, they may not adhere to the same safety regulations
for size nor do they have age-appropriate warnings.

Supervision

“Childproof” the house:

Inspect children’s toys for lost parts.

Keep small items off the floor and make frequent checks for small items (including behind
cushions and under furniture).

Regularly inspect old and new toys for damage.

Teach older children to keep their toys off the floor.

Never let a child under the age of 8 play with balloons without adult supervision.
Never let children chew on balloons or balloon pieces.

Keep small items out of reach.?

Do not let young children play with toys designed for older children.

Adhere to the safety labels on children’s products and toys.

Be careful of beanbag chairs or toys stuffed with polystyrene beads, children can easily inhale
the beads should the covering rip.

Storage

Keep plastic disposable diapers out of reach of children; cover the diapers they wear with
clothing.

Hang mobiles and toys out of reach.
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Table 8.19 Prevention of Choking on Non-Food Items (Continued)

Manufacturers

+ Design products in the safest manner possible to prevent choking hazards for young children,
that is:

o Adhere to standards regarding size of toys and toy parts.

o Anticipate the use and potential misuse of toys and toy parts by children.

o Consider the physical and cognitive development of the target (child) audience.
o Conduct user tests with toys.

Although children will put nearly anything into their mouths, especially when they are younger,
there are some design principles that manufacturers can consider. These include:

Design

o Color: Design items that do not target young children, that is, use less desirable colors (not in
the bright, primary colors young children prefer).

o Taste and smell: Although taste and smell may not deter very young children, unpleasant
tastes and odors may keep slightly older children from putting items in their mouths.

o Texture: There is no information available on appeal (or lack of appeal) of different textures for
children during mouthing. Research might reveal some useful information for design.

« Label products with safety warnings when it is not possible to design toys or toy parts to prevent
choking or the product is for an older child that needs the smaller parts to match their developmental

g level (see Chapter 14 on Warnings).
% » Warnings that specifically explain why a recommendation is made are more effective.
= . Consider using an additional warning with a picture to designate that the product is for older
children. Make the warning recognizable by children.
Community
+ Provide information to prevent choking through community wellness programs or health care
S professionals.
§ « Well-baby clinic staff can give parents information on:
i o Mouthing at the 4th to 6th month visit.
S o Safe foods at the 6th month visit.
< o Suggestions for childproofing the home as children gain mobility at the 9th to 12th month visit.

» Parents are not the only caregivers who need this information. Daycare providers and
babysitters also need to understand choking hazards, prevention strategies, and first aid.

Daycare Providers &
Baby sitters

@ These include jewelry, buttons, safety pins, and hardware such as nuts, bolts, and screws.
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Figure 8.43 (Ursy Potter Photography)

This warning label appears on a box of Legos, which contains small “bricks”
for building. The large “4+” makes it clear the toys are for children aged 4 and
over. It is also clearly offering a choking hazard warning. Yet, the smaller print
states “small parts, not for children under 3 years” Some parents may become
confused about whether their 3-year-olds can use them safely.

DROWNING

INTRODUCTION
The story is familiar:

“l went into the kitchen to get some iced tea. It just took a few seconds.”
“I looked away for a minute; | turned the burgers on the grill, turned around and....”

“In children, a lapse in adult supervision is the single most important contributory cause for
drowning”
(WHO, 2005)

Most caregivers do not realize that young children do not tend to splash or cry out
when they get into trouble in the water. Instead, they slip away quietly and without warning
(CPSC, 2003; Brenner, 2003) (Figures 8.44 through 8.47).

While there are many contributing factors, alcohol consumption and falling into water
are common contributory factors in childhood and adolescent drownings in many countries
(WHQO, 2005; Howland et al., 1995; Howland and Hingson, 1988). Water clarity can be a
factor, as lifeguards and caregivers may not be able to see children who need help in muddy
waters. Large crowds of people also make supervision difficult.
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Figure 8.44

(Valerie Rice)

Children and injuries

Figure 8.45 (Valerie Rice)

It takes only seconds for a child to drown and childhood drownings (or near-drownings) often happen while a
parent or caregiver is present. There is simply a momentary gap in supervision.

Figure 8.46 (Valerie Rice)

Figure 8.47

(Ursy Potter Photography)

Definitions

Drowning: Death by suffocation within
24 hours of immersion in water.

 Wet Drowning: The drowning
victim inhales water, interfering with
respiration and causing the collapse of
the circulatory system.

 Dry Drowning: The victims’ airway
closes due to spasms caused by
water. While less common than wet
drowning, about 10% of submersed
people become asphyxiated without
ever inhaling water (WHO, 2005)
(Fiore and Heidemann, 2004).

Facts about Drownings

o It takes 2 minutes after submersion for a child to
lose consciousness.

It takes 4-6 minutes for irreversible brain damage
fo occut.

Children who survive are typically rescued within
2 minutes after submersion (92%).

Most children who die are found after 10 minutes
(86%).

Nearly all who require CPR die or suffer from
severe brain injury, if they live. (NSKC, 2005)

307



Ergonomics for Children: Designing products and places for toddlers to teens

PROBLEM

While information on childhood drownings are not collected in
the same way in all countries, it is the fourth leading cause of
death among 5- to 14-year-olds and the 11th cause of death
among children under 5 years (Krug, 1999). Boys drown more
often than girls, perhaps due to greater exposure and greater
risk taking.

About 9 out of 10 children
who drowned were being
supervised, usually by a
family member (SafeKids,
2004).

Although drowning deaths have decreased (Branche, 1999), drowning remains the second
leading cause of unintentional injury-related deaths among US children from ages 1 to 14 and
the third leading cause for children under the age of 1. Most drownings occur in residential
swimming pools (single-family homes or apartment complexes), yet children can also drown in

any available water (CDC, 2002; Figures 8.48 through 8.50).

Figure 8.48 (Valerie Rice) Figure 8.49 (Ursy Potter Photography)

Children can drown in as little as 1 in. of water. Infants often drown in bathtubs, toilets, and buckets. Younger
children (1 to 4 years old) drown in swimming pools, wading pools, spas, and hot tubs. Older children drown
more often in swimming pools and open water, such as oceans, lakes, and rivers (Brenner, et al., 1995).

Other US facts (NKSC, 2005):

« Four children are hospitalized for near-drowning for every
child who drowns.
o 15% of hospitalized children die
o ~20% suffer severe, permanent disabilities

« Four children receive emergency-room treatment for every
hospital admission.
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What is the cost?

 Medical costs for a single
near-drowning incident can
range from $75K for
emergency room treatment
to $180K for long-term
care in the United States.

 Estimated costs for
drownings and
near-drownings of US
children, 14 years old and
younger, is $6.2 billion
annually.
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Who is at risk?*

« Children aged 4 and under account for
about 60% of child-drowning deaths.

» The drowning rate for boys is two to four
times that of girls.

« Girls drown in bathtubs twice as often as
boys.

« Black children aged 14 and younger drown
twice as often as white children.

» White children aged between 1 and 4
drown twice as often as black children,
mostly from residential-pool drownings.

« Low-income children drown more often,
from nonswimming pool incidents.

» Drowning fatalities are higher in rural areas,
perhaps due to less access to emergency
medical care.

(CPSC, 2003)

Facts about specific causes within
homes (NSKC, 2005):

o About 10% of child drownings
take place in bathtubs, most when
there is temporarily no adult
supervision.

o Since 1984, approximately 300 US
children have drowned in buckets
used for household cleaning. Most
of these children were between
7- and 15-months-old and from
61 to 78.7 cm (24 to 31 in.) tall.

Figure 8.50 (Valerie Rice)

* See CDC (2005); Rodgers (1989); and NKSC (2005).
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GENERAL SOLUTIONS FOR PARENTS:

« Know how to swim. Teach children how to swim (Figure 8.51).

« Never leave children without adult supervision when near water, even for a few
seconds.

« Do not drink alcohol while supervising children’s swimming or boating activities.

« Know how to give CPR.

. Swim where there are lifeguards.

« Have children wear life jackets if they have low swimming-skills.

« Teach children to swim with a friend. Have them learn water safety, including buddy
rescue, as they mature.

. Be aware of water safety, including attempting activities that are beyond their
capabilities.

« Know the water depth, especially before diving. Children (and adults) have sustained
skull and neck fractures from diving into shallow water.

« Drowning occurs in the winter, too. Avoid walking, skating, or riding on weak or thawing
ice on any body of water.

Of US children who drowned,
74% did not know how to
swim (Safekids, 2004).
Infant swimming or water
adjustment programs do not
guarantee an infant can swim,
make appropriate decisions,
or fail to panic in the water.
The age to teach children to
swim is the same as to ride a
bike, age 5. Children under
the age of 4 usually are
not developmentally ready
for formal instruction in
swimming.

Figure 8.51 (Valerie Rice)
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SOLUTIONS

HOMES: Table 8.20 lists potential problems and solutions in homes for bathrooms, buckets,
coolers, fish tanks, wading pools, spas, hot tubs, and whirlpool baths. Swimming pool
suggestions follow.

Children and injuries

Table 8.20 Suggestions for Preventing Home-Based Drowning among Children

Bathrooms, Buckets, Coolers, Fish Tanks,
and Wading Pools

Problem

Solutions

Parents/Caregivers

Manufacturers

Toddlers can easily
lose their balance
while exploring a
water-filled
container and fall in.
Their arms are not
strong enough to
push and lift
themselves out.

Young children should not have
free access to bathrooms, includ-
ing toilets, sinks, and bathtubs.
Place latches high on the bath-
room door, above the reach of
children.

Install childproof locks on toilet lids
(similar to cabinet door locks).

Supervise children’s bathing and
toileting. Never leave a child under
age 3 alone in a bathtub, even
while in a “bathing ring.”

Supervise children closely and limit
their access while using five-gallon
buckets. Empty the containers
filled with liquids immediately after
use (Figures 8.52 and 8.53).

Place wire mesh over fishponds
and aquariums or place barriers
around them (Figure 8.54).

» Place warning labels and
instructions on infant “bathing
rings.”

« Place warnings on products for
children (wading pools) as well
as other products (coolers, fish
tanks).

» Adhere to USCPSC voluntary
guidelines for five-gallon
buckets, for education, and for
labeling.

Spas, Hot Tubs, and Whirlpool Bathtubs®

The USCPSC
reports of the
leading causes of
deaths in children
aged 4 or under in
spas and hot tubs
include:

« Children’s hair
being pulled into
the suction fitting
drain of a spa, hot
tub, or whirlpool
bathtub, causing
their heads to be
held under water.

» Strong drain
suction causing
body part entrap-
ment.2

Provide each spa or hot tub with a
locked safety cover for when not in
use.

o If missing or broken, drain and
do not use the spa until the
cover repair is complete.

o Covers designed to retain heat
are not sufficient protection
(children can slip into the water
in spite of the cover).

Teach children to wear long hair
up, to wear a bathing cap, and to
keep their hair away from drains.

Each user (including children)
should know where the cut-off
switch is located (for the pump).

Keep water below 105°F.
Supervise children, always.

+ Adhere to the US voluntary
standards for drain covers
(ASME/ANSI A112.19.8M-1987
and Safety Vacuum Release
Systems (ASME/ANSI
A112.19.17) to avoid risk of hair
entrapment.

o Safety vacuum release
systems automatically shut off
a pump upon detection of a
blocked drain.

o Dome-shaped drain outlets
and dual drains decrease the
intensity of suction found with
a single drain.

« Locate cut-off switch in close
proximity to users, that is, easy
to reach and turn-off in an
emergency.

3 The USCPSC 2005 publication #363: Guidelines for Entrapment Hazards: Making pools and spas safer
contains guidelines as well as a list of applicable standards.
b CPSC Documents #5067 and 5112.
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Figure 8.52 (Valerie Rice) Figure 8.53 (Valerie Rice)
A child can drown in a few seconds. Caregivers must closely supervise children at all times when playing in
water. Empty wading pools and buckets when not in use.

Figure 8.54 (Copy Berg)

Backyard fishponds are a source of delight to
children. They can also be a drowning hazard.
Consider placing wire mesh over them or
barriers around them.
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Swimming pools Most US childhood drownings of 1- to 4-year-olds occur in home
pools (Brenner, et al., 2001) owned by parents (65%) and friends or extended family

members (33%) (CPSC, #362) (Figure 8.55).

Most parents think that their
homes are safer than they are:

A US study by the National
Safekids Campaign found that of
parents who own pools or spas
(Safekids, 2004):

+ 98% felt they had taken adequate
measures to ensure children’s
safety, yet most had not made
essential environmental changes.

« About 61% did not have isolation
fencing around their pools or

than 2% of drownings (CPSC, #362).

spas.

+ 43% had no self-closing and Figure 8.55 (Valerie Rice)
self-latching gate. In the United States, at the time of drowning, almost half of all children

« Installation and proper use of were last seen in the home. Most were missing for less than 5 minutes (77%)
four-sided isolation fencing and in the care of one or both parents (CDC, 2005; SafeKids, 2005; Present,
could prevent 50% to 90% of 1987).In 69% of cases, caretakers did not expect the children to be in or
residential pool drownings. around the pool (CPSC, #359). Trespassing into pools accounted for less

Above ground pools may be somewhat safer, as their construction serves as an addi-
tional entry barrier (Rodgers, 1989). Yet, there are unique concerns such as their shallow
depth (eliminating diving activities) and side construction that does not support walking or
sitting. One way to decrease pool access is to remove steps and ladders when the pool is

not in use.*

Barriers  While all swimming pools in Australia are required
by law to be fenced, each state in the United States can have (or not have) its
own regulations on fencing barriers. Barriers do not guarantee children’s
safety, but they do give parents additional time to find their child and possi-
bly prevent a drowning. The CPSC has guidelines for barriers surrounding
pools and some US localities have incorporated these into their building
codes (CPSC, #362).

Children should not be
able to get to a pool by
going over, under, or
through a barrier.

* Parents and caregivers should always keep a phone with emergency numbers, as well as rescue equipment, near any pool. The equipment should include a

shepherd’s hook, safety ring, and rope.
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Alarms and Covers Door alarms, pool alarms, and automatic pool covers (power safety covers) add
an extra level of protection (Fior and Heidemann, 2004).* Underwater pool alarms sound when something

hits the water.
Table 8.21 provides guidelines for barriers, covers, and alarms.

Figure 8.56 (Valerie Rice)
Establish layers of protection for pools and water-
play areas. For example, in this water-play area, there
is a double barrier of thick bushes as well as a chain
link fence.

There is a small ratio of life guards/supervisors
to children and only a certain number of children
can be in the area at any given time.

* Tt is best if alarms and pool meet standards such as those by the American Society for Testing and Materials (ASTM). For example, ASTM f-13-1491
applies to power pool covers.
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Figure 8.57 (Ursy Potter Photography and Valerie Rice)

 The diamond shaped openings in
chain link fences should be less
than 3.8 cm (1.5 in.) (some suggest
1.75 in.) in diameter.

« A strong gauge mesh can cover the
openings or slats to reduce their size,
fastened at the top and bottom of the
fence.

« Ifastrong mesh covers the chain
link, it must be fastened securely
and tight enough so that children
cannot put their feet or hands into
the openings.

Figure 8.58 (Valerie Rice)

Figure 8.59 (Valerie Rice; compilation with CPSC data by

Ursy Potter Photography)

Space between vertical members should be less than 4.45 cm (1.75 in.),
to reduce the possibility of a child getting a good foothold and climbing
the fence (decorative cutouts should also be less than 4.45 cm [1.75 in.]).
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BOATING: US data on injuries and deaths among children involved in boating-related
incidents are seen in Table 8.22 (including yachts, canoes, Jet Skis, and other boats).

Also see Figures 8.62 through 8.68.

Table 8.22

Suggestions for Preventing Home-Based Drowning among Children

Important Facts

Most (85%) of children in drowning deaths were not wearing a personal flotation device (PFD)

(ARC, 2005).

Twenty-eight states have boating safety laws requiring children to wear PFDs at all times when on
boats or near open bodies of water (varying in age requirements, exemptions, and enforcement)

(ARC, 2005).
Air-filled swimming aids, such as water wings, cannot substitute for a PFD.

Properly fitting life vests could prevent ~85% of boat-related drownings (Safekids, 2004).

Figure 8.60

(Valerie Rice)

Figure 8.61

(Valerie Rice)
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Figure 8.62 (Ursy Potter Photography) Figure 8.63 (Valerie Rice)

Most US states and territories (except
Hawaii, Idaho, and Guam) have
mandates for wearing life jackets
(PDFs). However, they vary in
specifics and requirements for age.
Some other countries do not have
such mandates.

Over half of US boating incidents
involve problems involving operator
error, often through lack of attention,
inexperience, unsafe speeds, or lack
of caution. Boat operators had not
attended boating safety courses
in approximately three-fourths of
boating-related deaths (ARC, 2005).*

Figure 8.64 (Ursy Potter Photography)

Guidelines:

. Have children wear coast guard—-approved PFDs at all times while boating.
« Have rescue aids available while boating.
« Train crews in rescue procedures and provide clear information to passengers.

OPEN WATERS AND FARM PONDS: Figure 8.65 through Figure 8.68 depict issues and
solutions for open-water and farm ponds.

* The American Red Cross’ Web site at http://redcross.org includes many water-safety guidelines. These include specific suggestions for locations (beaches,
boating, pools, lakes, rivers, oceans, and waterparks), types of watercrafts (boats, Jet Skis, Windsurfers, and rafts/tubes), and activities (snorkeling, scuba diving,
swimming, tubing, rafting, and water skiing).
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Figure 8.65 (Ursy Potter Photography)

Dangers in open waters, such as the ocean, include swimming in
conditions that are beyond a child’s ability, such as large waves, strong
tides (riptides), offshore winds, and going out too far in the water.

Figure 8.66 (Ursy Potter Photography) Figure 8.67 (Ursy Potter Photography)

A child can still drown wearing a life jacket if it does not fit properly. In the photos above, a mother
rescues her child when the jacket held him afloat, but did not keep his head out of the water. Float
rings (that surround a child) can also be a problem as a child can slip out of the float. In some cases,
children have turned upside down while in a float ring and have been unable to right themselves.
Close supervision is always necessary.
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CARETAKERS: Although this chapter
focuses on injuries to children,
caretakers also experience injuries
sometimes due to their care-giving
duties. For example, mothers sometimes
experience musculoskeletal injuries
associated with lifting and carrying their
children.

Figure 8.69 (Ursy Potter Photography)
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Figure 8.68 (Ursy Potter Photography)

Most accidental drownings in farm ponds happen to
children aged 4 and under. Children lose their balance
and fall, step into deep holes while wading, or fall
through thin ice (Murphy and Steel, 2005).

« Place barriers around the ponds.

+ Post NO TRESPASSING signs, with pictures of the
hazard.

« Eliminate hazards such as steep banks and submerged
objects.

+ Mark drop-offs.

» Keep arescue post by the pond with an attached rope, a
buoy, and a sign with emergency numbers.

» Fill abandoned wells, if possible. If not, solidly cover
abandoned wells and check them regularly.

Table 8.23 Childcare Practices that may Contribute to
Musculoskeletal Symptoms and Injuries?

Practice

Carrying a child in car seat

Carrying a child on one hip

Carrying a child while bending down

Lifting a child up to or off a changing table
Lifting a child into or out of a crib with high sides
Lifting a child from the floor

Standing, bent over to wash the child
Changing a child on the floor, crib, or playpen
Opening baby-food jars and cans

Pushing a child on a seated toy

Breast feeding in awkward positions

Bottle feeding in awkward positions

Note: Most high-risk practices entail the use of the

body, particularly the back or neck, in an awkward
posture, often repetitively. An awkward posture is
one that deviates from a neutral position

(i.e., head upright, maintenance of vertebral
curves, shoulders at one’s side, elbows flexed

to 90°, forearms not rotated, and wrists straight).

@ Based on literature and expert opinion
Kroemer and Grandjean (2001); Sanders, (2004).
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CONCLUSIONS

This chapter included a few of the more prevalent causes of unintentional injuries among
children and adolescents. Certainly, the inclusion of additional sources and descriptions
of injuries would be beneficial, such as overexertion and motor vehicle accidents or even
unintentional injuries. Not including them is neither a comment on their gravity or a statement
on the design implications for prevention. Instead, it is an acquiescence to time and space
limitations.

The reasons children are at greater risk for injury are many and this chapter men-
tions each at least once. Knowledge of these reasons and risks are necessary to
prevent children’s injuries.

Children are curious—it is their “job” to explore, try new things, and learn through investi-
gation. Exploration necessarily incurs surprises and discoveries—and some of them hurt.

For example, children of all ages test their physical prowess through jumping. At
age 2, they jump from a step, at 8 they may leap from a swing, at 14 they take a running
bound over a picnic table, and at age 16 they leave the ground and defy gravity on their
skateboard!

Their actions seem to say, as Dr. Suess might: / can jump. | can leap. | can jump
with both my feet. | can jump with one or two. | can jump from high, can you? | can jump
from a stair. | can jump from a chair. Over a bench, over a table. My jumps are great, my
leaps are stable!...until they fall, of course, and they will fall as it is part of the learning
process.

Children are also more at risk because they are developing their muscles, tendons,
bones, and nervous systems. This means their coordination is improving as they strive to
harmonize their bodies and their minds into a fluid response. They may not react as quickly
or accurately and if they are hurt, the injury may impact their development.

They are also developing mentally through trial and error experiences, as well as
learning to trust the experiences of others as relevant to themselves. For a time, they
will lack the ability to express themselves adequately. Later, they may fail to express
themselves because of fear of loss, fear of punishment, or from a belief that no one will
listen. Also, children do not understand the full consequences of their actions until they
become young adults. Each of these puts them at additional risk of injury, intentional and
unintentional.

Even their size increases their risk, as children are not easily visible from moving
vehicles, and the design of much of their environment focuses on adult needs and use.
Many of the tasks they do and the sports children play were developed for adults.

Adults easily misinterpret children’s motivations and many discount their youthful
opinions. Still others fail to recognize their physical, cognitive, and emotional strengths—
and limitations. Whether children are seen as less or more competent than they are, both
are failures to see them realistically and both put a child at greater risk.

Children depend on adults. If the adults (designers, caregivers, teachers) are
unaware of dangers (and resolutions) associated with childhood injuries, how will the
child avoid injury? For example, in the United States approximately 6% of children
between ages 4 and 8 ride in booster seats, yet this is the recommended safety seat
for this age group. This need cannot be answered by the children themselves. The
answers must come from the adults who surround them.
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Figure 8.70 (Valerie Rice)

Injuries also occur during play around the home.
Children do not understand the consequences
of hiding under, in, or on top of objects in and
around the home.

Perhaps as children age, they will learn about and attend to injury information. However,
they will need guidance for many years, as neurological brain development continues into
their early 20s. Perhaps this is why:

« only 35% of high school students report they always wear their seat belt and
. alcohol is a major factor in 50% of drownings among young males
(US data, NCIPC, 2001)

How do we protect infants, children, adolescents, and teens from inevitable injury?
By design.

. By designing products and places that fit their abilities, while challenging them to
improve those same abilities

« By designing to eliminate human error when we can

. By designing safety and education programs so the right audience can take the
information in, learn, remember, and act on it

. By designing the tasks to fit the child
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APPENDIX A: POISON SUPPLEMENT

CAUSAL AGENTS AND SOLUTIONS

Lead. Programs in developed countries, such as the United States, UK, and Germany
have greatly reduced the incidence of lead poisoning. However, the problem does still
exist. For example, in the United States, over 3 million children aged 6 or under have
toxic blood lead levels (Homesafe, 2005). In the United States, children who are at great-
est risk are financially poor and live in large metropolitan areas or older homes. In
developed countries, most exposures are due to inhaling dust from lead-based paints
(Box 8.A1).

Other exposures are more transitory. In 2004, four importers voluntarily recalled 150
million pieces of toy jewelry available from vending machines across the United States
(in cooperation with the US Consumer Product Safety Commission). Half of these items
contained dangerous levels of lead.

Lead poisoning is the top childhood environmental disease in developing countries.
The World Health Organization estimates there are 15-18 million children in developing
countries with permanent brain damage due to lead poisoning (SINAHS and TGF, 2001).
The occupational and environmental exposures include inadequate emission controls from
lead smelters, battery recycling plants, and automobile exhaust.”

PHYSICAL RESULTS AND SYMPTOMS:
Consider this scenario:

Paul lives in the projects. He is 10 years old and already a failure in everyone’s eyes. He is prone

fo "acting out” and becomes angry and aggressive when frustrated. He is small for his age. He still
cannot read and has difficulty grasping concepts and remembering things. Neither his parents nor
his teachers can figure out if he deliberately ignores their instructions or if he really cannot remember
them from day to day. He does not feel good physically. He feels tired almost all the time.

While Paul’s problems could be the result of a number of causes, one possible cause is
exposure to lead. It causes brain, kidney, and liver damage, resulting in lower intelligence,
reading and learning problems, behavioral difficulties, and slow physical growth.

This is a child, who was born normal and is now damaged because of the products
and environment around him. Treatment can lower blood lead levels, but any damage is
permanent. Who knows how many assistive-care facilities or even detention centers house
children from these circumstances?

Some say there is no safe level of lead in the body. Long-term effects occur with
exposure to extremely small amounts, while having no definite, distinct symptoms. Table
8.A1 contains recommendations to reduce or eliminate lead exposure.

* Elimination of leaded gasoline resulted in: 77% reduction in blood lead levels in the United States in 10 years. A 50% drop in gasoline lead levels in the UK
was associated with a 20% drop in children’s blood lead levels. Yet, in India (as other developing countries) the permissible limits (0.56 g/L) are much higher than
limits in developed countries. Information available at: http://leadpoison.net
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BOX 8.A1 LEAD

What is it? Lead is a heavy metal. It is used in many materials and products. Unfortunately, it is not
biodegradable and persists in the soil, air, and drinking water unless properly removed.

What does it do when absorbed? When absorbed into the body, it is distributed to the liver, brain,
kidneys, and bones. It is toxic to organs and systems, especially to neurological development. Lead
causes anemia by impairing oxygen-carrying molecules, beginning at exposures of around 40 ug/dL.
Even at low levels it can reduce a child’s 1Q score (intelligence quotient) and attention span. It is
associated with reading and learning disabilities, hyperactivity, slowed growth, hearing loss, sleep
disorders, and other health, intellectual, and behavioral problems. High exposures can cause mental
retardation, convulsions, coma, and death.

Who is most at risk? Children under six because they absorb up to 50% of the lead they ingest. It
interferes with the development of their organs, systems, and their brain. By the time symptoms show
(headache, lethargy or hyperactivity, nausea, stomach pain, vomiting, and constipation, but no
diarrhea), the brain has suffered damage. Women of child-bearing age and pregnant women are also at
risk because lead ingested by a mother can cross the placenta and affect the unborn fetus.

How does exposure occur? Lead can be ingested, inhaled, or absorbed through skin. In countries
where lead-based paint is no longer used, primary exposure is through lead-contaminated dust from
deteriorating lead-based paint in older homes, from children putting paint chips in their mouths (lead
compounds taste sweet and a few chips the size of a thumbnail can raise levels to 1,000 times the
acceptable limit), or from soil contaminated by flaking exterior lead-based paint (or sand/blasting). Soil
contamination occurs from leaded gasoline disposal. Playing in the dirt can result in accidental ingestion
and vegetables grown in the soil can absorb the lead. Older lead pipes or pipes soldered with lead
leach lead as they corrode (faucets or fittings made of brass also contain lead). Those who work in
construction, demolition, painting, with batteries, in radiator repair shops, lead factories, or with a hobby
that uses lead can bring lead home on their clothing (such as painting and remodeling; working with
auto radiators or batteries; auto repair; soldering; making sinkers; bullets; stained glass; pottery; going
to shooting ranges; hunting; or fishing?). Rare exposures include food and drink storage in leaded
crystal, lead soldered cans, or lead glazed ceramics.

Worldwide, exposures include gasoline additives, food can soldering, lead-based paints, ceramic
glazes, drinking water systems, cosmetics, and folk remedies.

How do I know if my child has been exposed? A blood test shows recent exposure. Lead only stays
in the blood about three weeks. Most is excreted in urine and the remainder goes into the bones.

Can an exposed child be treated? Yes and no. Damage that has been done can not be reversed.
Medications can reduce high levels of lead in the body.
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Table 8.A1

What to Do About Lead Exposure

Lead-Based
Paint?

Check to see if paint is chipping or peeling.

Check for places where surfaces rub together and potentially make lead dust: windows,
doors, steps, and porches.

Dirt and dust:

o Keep the places where children play clean and dust free. Regularly wet-wipe floors,
windowsills, and other surfaces that may contain lead dust.

o Wash children’s hands, pacifiers, and toys often to remove dust.

o Have children play on grass instead of bare dirt. Take off shoes when entering a
home to avoid tracking in soil that may contain lead.

Design your work carefully when doing renovations and repair. Seek professional
guidance on sealing off the work area, covering ducts and furniture, and keeping
children away from the work site and the work itself, including scraping, sanding, and
using heat guns on paint before repainting. For example, suggested processes include
using 6 mL plastic for sealing off the area, misting surfaces before working on them,
cleaning dust and chips with wet rags soaked in trisodium phosphate or phosphate-
containing powdered dishwashing detergent, wearing rubber gloves, and properly
disposing of cleaning materials.

Cooking,
Eating, and
Drinking

Know what kinds of pipes supply your water®
Have the water tested for lead content.
If home pipes have lead in them:

o Do not use water that has been sitting over 6 hours in the pipes. For example, let the
water run for at least 2 minutes. After letting it run, put some in a container in the
refrigerator for later use.

o Hot water dissolves lead more easily. Use only cold water for drinking, cooking, or
making baby formula. Run the water until it feels colder. Do not use folk remedies or
imported, old, or handmade pottery to store food or drinks.

Provide meals high in iron, vitamin C, and calcium that help prevent young bodies from
absorbing lead.

Work and
Hobbies

If you work with lead in your job or hobby, change clothes and shower before you go
home.

Note: If your children are at risk, have their blood lead level tested (Box 8.A2). Have a certified inspector
assess your home
@ Lead paint was banned in US residential paint in 1978. France started banning lead paint in the 1870s.
Germany, Australia, Japan, and some other countries began banning in the early 1920s. According to US
Housing and Urban Development: 90% of pre-1940, 80% of pre-1960, and 62% of pre-1978 buildings have

lead in them.

® The Safe Drinking Water Act was enacted in the United States in June 1986, with states having until 1988 to
comply. It requires the use of lead-free pipe, solder, and flux for plumbing systems connecting with public
water systems. Before that, most solder contained about 50% lead. There is suspicion that some plumbers
continued to use lead solder beyond that date. Faucets or fittings made of brass, lead pipes, or copper
pipes with lead solder all contain lead.
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BOX 8.A2 HOW MUCH LEAD DOES IT TAKE TO GET LEAD POISONING?

The amount is incredibly small: 10 pg/dL of blood.
If you are metrically challenged, here is a way to visualize what that means.

o

A deciliter is about half a cup

o A packet of sweetener (either the pink or blue) is 1 gram

o There are 1 million micrograms in a gram

o So, divide the stuff from one packet into one million piles (pretend!)
o Now, discard 999,990 of those “piles”

o Take the remaining 10 piles and mix them into half a cup of liquid.
This is the amount of lead that can cause poisoning.

Blood lead levels of only 10 ng/dL have been associated with negative effects on cognitive
development, growth, and behavior among children aged 1 to 5 years (CDC, 2000).

http://leadpro.com

Do home testing kits work? Yes, but they may not be reliable for detecting lead
paint buried under layers of newer paint. They are useful for testing toys, pottery, and
household items.

Do high efficiency particulate air (HEPA) filters work? HEPA filters trap small
particles of dust, often too small for a regular vacuum. They will also collect lead dust.
Thus, they may help, but are not a “cure” for lead dust in the air.

ARSENIC

Arsenic occurs naturally in the environment. It is in rocks, soil, water, and air and is released
during events such as forest fires and volcanoes. It is carcinogenic to humans. Most indus-
trial arsenic in the United States is found
in pressure-treated wood, as a preserva-
tive. It is sometimes present in dyes and
metals.

Pesticide-treated wood contains
arsenic, in the form of chromated copper
arsenate (CCA), to deter insect damage
and decay. Some children are at greater
risk of lung or bladder cancer as a result
of playing on arsenic pressure-treated
playground equipment (EPA, 2005; Figure
8.A1). A child playing on an arsenic-treated
playset would exceed the lifetime cancer
risk in only 10 days (according to US
Federal Pesticide Laws) (Sharp, 2005). Figure 8.A1 (Valerie Rice)

Wood recently treated with CCA has  In the United States, pressure-treated lumber for playground
a greenish tint that fades over time. In all e g 8 P ers and occasiomly for
likelihood, CCA-treated wood was used playground equipment. The pesticide (arsenic) can leach into

if the playground was not made of cedar  the soil or children touch and accidentally ingest it by putting
or redwood. their hands in their mouths or eating after touching it.
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Drinking water is the greatest
worldwide public health threat of  Figure8.A2 (Valeric Rice)
arsenic. Absorption through the Following are the methods
skin is minimal, therefore using  to reduce therisk of arsenic
the same water for bathing and poisoning in children (EPA, 2005):

laundry should be safe. . Bgild playgrounds and decks
Child with cedar, redwood, locust, or
' liaren arel more . SIUS— composite wood or use plastic
ceptible to arsenic in drinking or “plastic lumber.”
water because their bodies . applyan oil-based,
are developing (higher heart semi-transparent stain to
rate and respiration), but also I a0 VOl e 676672
because they drink approxi-  + Wash childrens hands
mately 2Vs times as much water Usioecyilly el bl dmauiiiac:
, with the wood, especially before
as adults (proportionally). eating or drinking,
Unfortunately, most exposure | 5. . 4 picnic tables
standards are based on adults T Iy e
(EPA, 2005). wood, so never lay food
Long-term exposure from dlre'ctly on the wood and do
- C not inadvertently touch wood
contaminated drinking water while eating,

can cause cancer of the skin,
lungs, urinary bladder, and
kidney, as well as peripheral vascular diseases (black foot disease in China). First though
are skin pigmentation changes, followed by hyperkeratosis.*

The World Health Organization’s (WHQO) Guidelines for Drinking-Water Quality establishes
0.01 mg/L as a provisional guideline value for arsenic (WHO, 1993).*

CARBON MONOXIDE (CO)

Carbon monoxide is an odorless, colorless gas. In the United States, approximately 3500
children receive emergency room treatment and 24 die annually from CO exposure (CDC,
2005). Carbon monoxide poisoning results in more fatal unintentional poisonings in the
United States than any other agent (CDC, 1999).

The problem is particularly evident in colder climates during the winter, since some
space heaters or malfunctioning heaters emit CO. If sufficient ventilation is not available,
CO poisoning can result. Other sources can include water heaters, gas-operated dryers,
stoves, and fireplaces; clogged chimneys or corroded flue pipes; wood-burning stoves
and cars left running in a closed garage. The difficulty is not having sufficient ventilation to
let the CO escape. For example, snow can cover a vehicle and block the tailpipe causing
exhaust fumes to put a family inside at risk.

* Hyperkeratosis—a thickening of the outer layer of the skin. The thickening can occur as part of the skin’s defense system.

' Arsenic levels in drinking water can be measured. Although the technology for removal from piped water exists, it requires technical expertise, can be
relatively expensive, and may not be easily applied in some urban and many rural areas. Chemical household water treatments are being tested. Other
suggestions include rainwater harvesting, pond-sand-filtration, and piped water supply from safe or treated sources (WHO, 2004). Countries with
concentrations greater than the guideline value include Argentina, Australia, Bangladesh, Chile, China, Hungary, India, Mexico, Peru, Thailand, and the
United States. Negative health-effects have been found in Bangladesh, China, India (West Bengal), and the United States.
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Another source of danger occurs while camping. Carbon monoxide poisoning kills
approximately 30 campers a year. Improper use of portable heaters, lanterns, and vehicles
can result in CO poisonings (Safekids, 2005).

CO poisoning symptoms are similar to those of flu (headache, fatigue, nausea, and diz-
ziness), but without fever. Exposure can cause both neurological damage and death. Once
again, children are particularly at risk due to their higher respiratory and metabolic rates, result-
ing in the gas accumulating in their bodies faster than in adults. Unborn children have an even
greater risk of birth defects if exposure occurs to their mothers when they are pregnant (see
Figure 8.A3).

Figure 8.A3 (Valerie Rice)
CO detectors may prevent up to half of the deaths due to CO
exposure (CDC, 2005; Safekids, 2005).*

Every home should have CO detectors in each sleeping area
of the home 457 cm (15 ft) from fuel-burning appliances.'

+ Never stay in a home after a CO alarm goes off, instead get out
and seek medical attention.

 Have fuel-burning appliances inspected and chimneys cleaned
each year.

Do not let car engines run while parked in a garage or covered in
SNOW.

Do not use charcoal grills or hibachis inside a closed space (home
or garage).

« Do not use an oven to heat a home.

ART SUPPLIES

Another source of accidental poisoning is art supplies. Poisoning can occur when children
put the items in their mouths directly, put their fingers in their mouths, or rub their faces
while working with projects, or eat without washing their hands.

The Labeling of Hazardous Art Materials Act (LHAMA) requires toxicological evaluation
and labeling of art materials sold in the United States. The labels must conform to the labeling
standard, ASTM D 4236 and include information on safe use, and potential acute and chronic
health effects (Box 8.A3).

* Several states and some cities in the United States require CO detectors in homes.
" The Recreation Vehicle Industry Association requires CO detectors/alarms in motor homes and in recreational vehicles that can be towed and have a
generator or are prepared to use a generator.
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BOX 8.A3

The Art & Creative Materials Institute, Inc. (ACMI) is a nonprofit association of 210
manufacturers of art, craft, and other creative materials. ACMI was organized to
assist its members in providing products that are nontoxic. ACMI sponsors a
certification program for children’s art materials. Certifications ensure that the
products are nontoxic and meet voluntary standards of quality and performance.

Certifications that include performance also meet material, workmanship,
working qualities, and color requirements, and labeling is recognized by the
American National Standards Institute (ANSI) and the American Society for
Testing and Materials (ASTM).

The CL Seal certifies products are properly labeled according to a toxicological
evaluation by a medical expert for health risks and that the safe and proper use of
these materials is included. These two seals appear on only 15% of the adult art
materials in ACMI’s certification program and on none of the children’s materials.

Additional information on working with arts and crafts materials can be found at
http://acminet.org

Labels used with permission from ACMI.

General recommendations for arts and crafts work with children:

« Buy only art supplies labeled as safe (nontoxic) for children.

« Never eat, drink, or smoke while using art and craft materials.

. Wash hands after using art supplies.

« Use products according to directions. Do not use products for skin painting or food
preparation unless labeled for that use.

« Never put art materials in other containers.

HOUSEHOLD ITEMS

Table 8.A2 and Table 8.A3 describe household items that can be poisonous to children.
Table 8.A4 and Table 8.A5 list outdoor items (pesticides and plants). Adhere to general
recommendations to avoid accidental poisonings that are also listed in this chapter, such
as “Mr. Yuk” labels and reach tables.”

*  See Chapter 14 on Warnings for a detailed description of “Mr Yuk”
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Table 8.A2 Household Items that Can Poison Children

Iltem Examples Solutions
« Iron—found in vitamins? Design—Storage and Placement:
« Acetaminophen® - Keep out of reach of children. Use reach guidelines
. Antacids mentioned in this chapter and Chapter 3—Anthropometry.
. . - Store in separate, locked areas. Never store medicines
C\llérgg :nedlc;rlles on bedside tables or in bedside drawers.
- el t O_SS PHIS _ « Manufacturers should use child-resistant containers and
« Prescription drugs (especially include warnings, even on products for adults.
antidepressants and medications for Safetv:
the heart, blood pressure, and arety:
diabetes) « Keep purses or diaper bags containing medicines,
E . Eye drops, nasal sprays, and vitamins, or cosmetics out of children’s reach.
g inhalers » Put medicines stored in the refrigerator in a special plastic
= container in the back of the refrigerator (out of reach of
2 children).
= » Supervise children when taking vitamins or medicines.
@ Never encourage a child to take vitamins or medicines by
£ referring to it as candy.
% + Refrain from taking medications in front of children.
(V]
= « Throw away old medicines by flushing them down the toilet.

» Read labels, follow instructions, administer medicines by
weight and age, and use the dispenser that comes with
the package.

« Turn the lights on when administering medications. If
some medicine spills or a child vomits, be careful not to
give additional medicine that could cause an overdose.

» Purchase only the amount of medicine needed and keep
track of the amount of medicine in the bottle.

+ Be especially careful when normal household routines
change, such as vacations and holidays.

Cigarettes, cigars, snuff, or gum Design—Advertising and Storage:
containing nicotine « Advertising should appeal to adults, not children (such as
o talking animals and cartoon characters).
= + Keep out of reach of children. Use reach guidelines in this
3 chapter and Chapter 3—Anthropometry.
= Safety:
+ Clean ashtrays immediately after use.
» Never let children clean ashtrays.
» Beer, wine, and liquor, as well as Design—Adyvertising and Storage:
;L]ftt;br'snhgasg;o:ﬁclj’ Srg?nu;hg/:/)?os hr’] es » Target advertising to adults, not children (such as talking
DA 9 _ animals and cartoon characters).
s I Ba(qunlg mggedletntstsuch aslvamlla - Keep out of reach of children. Use reach guidelines
o anad almond extracts may aiso mentioned in this chapter and Chapter 3—Anthropometry.
L] contain high levels of alcohol . . .
< - Store in separate, locked areas and original containers.

Safety:

» Take special care during holidays and parties when adults
may leave drinks around the house.

(continued)
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Table 8.A2 Household Items that Can Poison Children (Continued)

« Check ingredients in cologne,
perfume, hair spray, hair dye,
shampoo, artificial fingernail remover,
fingernail polish remover, deodorants,

Design—Storage:

» Keep out of reach of children. Store in locked cabinets
and original containers.

(7]
.g creams, lotions and baby oil, herbal « Use Mr. Yuk stickers.
g products, and baby powder. Safety:
w L] i . . . . . .
Q Toqthpaste in large amounts can be |, Supervise children’s use of cosmetics, including brushing
o toxic. teeth
' M.Lr’]fglre r';fns g?rr::gmlrllgsgll'lco[ate and |° Explain possible poisoning from ingesting these products
winterg methy! salicy when children are old enough to comprehend.
products containing camphor.
+ Mineral oil—found in furniture Design—Storage:
polishes. » Keep out of reach of children. Use reach guidelines
@ |+ Hydrocarbons—found in paint mentioned in this chapter and Chapter 3—Anthropometry.
= . . !
() thinners, lamp oils, gasoline, and « Store in locked cabinets and original containers.
o lighter fluid.
(] .
@ |+ Lye orsodium hydroxide—found in Use Mr. Yuk labels.
g oven cleaners. Safety:
& |+ Cellusolve (ethylene glycol butyl « Supervise children’s use of cleaning products.
o ether)—in concentrated glass . .
o cleaners and solvents « Take special care when using these products, know
- ' where small children are at all times.
9 . Bleach—in cleaning agents. Also:
o dishwashing detergents, window
cleaners, and toilet bowl deodorizers.
« Swimming pool chemicals.
« Ant and roach sprays, roach Design—Advertising and Storage:
Sr;)cr);s:sénftlje?bgnmdbggk powders, » Keep out of reach of children. Use reach guidelines
ys, ' mentioned in this chapter and Chapter 3—Anthropometry.
» Materials designed for yard work: ; . . . S
weed killers, fertilizers. . Storeiln areas that are inaccessible to children, in original
containers.
@ | Mothballs. Safety:
2 |. See additional information below . .
= ' « Keep children and toys from the area where pesticides are
- used, according to package label recommendations. Keep
o children away while working with pesticides, even if you
ventilate the area by opening windows and turning on the fan.
» Do not let children in recently sprayed areas.
» Never leave pesticides unattended when you are using them.
+ Set a good example: wear protective clothing and never
mix products.
[72]
_ © | Antifreeze, oil, de-icers, windshield . .
8 _g washer fluid, leather and upholstery gﬁeiﬁgugoogt;?ggrhsof children, store in locked areas and
£ |cleaner, wax, and gasoline. 9 '
£ | Paint, paint thinner (even a small . . .
_% amount of paint thinner can be deadly sﬁeipr)‘:lugoor:t;?gg:\sof children. Store in locked cabinets and
& |to a child). 9 '
[72]
‘c |Household plants and berries from Know which plants are poisonous and do not keep them in
E plants can be toxic (see below). your home or outdoor garden (see Table 8.A3).

2 A child can die swallowing as few as five vitamins containing iron.
® In asprin-free pain medicines, decongestants, aspirins, and nonsteroidal anti-inflammatory drugs.
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Table 8.A3 Miscellaneous Household Items and Issues Regarding Poisons

Item What Happens Solution
Miniature Tiny batteries, such as those in watches, calculatqrs,
“Button” | c&meras, and hearing aids can pass _through a chlld_
Batteries without problem, but they can cause internal burns if they
get lodged in the esophagus or intestinal tract.
 Fire salts, used in fireplaces to produce colored flames, Keep out of reach of children.
are poisonous.
Holidays
» Artificial snow sprays to decorate can cause lung
irritation if inhaled.

Table 8.A4 Pesticides and Children in the United States (EPA, 2005)

Information Risk Symptoms Solutions

+ ~79,000 children were « The main pesticide Dizziness « Use pesticides when
involved in common exposure for chil- Vomitin children are not home or
household pesticide dren occurs during 9 restrict their access to
poisonings or exposures home pesticide use, Headaches garden and lawn areas
in 1990. including lawn and , free of pesticides.

. garden care. Sweating .

« 47% of homes with . « Store pesticides out of
children under 5 years « Some pesticides, Fatigue reach of children:
old, store at least one including some used Skin, eye, or > In locked cabinets,

pesticide product within
reach of children.

« 75% of homes without
children under age 5
store at least one
pesticide product within
reach of children.

+ 13% of pesticide
poisonings occur in
homes other than the
injured child’s own
home.

in homes, are likely
carcinogens.

« As with other
poisons, children
are at greater risks
than adults.

respiratory tract
irritation

over 4 ft off the
ground.

o See Table 8.9 and
Table 8.10 for reach
guidance.

« Wash fruits and
vegetables that may
have been exposed to
pesticides thoroughly.

Note: A product stored less than 4 ft (122 cm) off the ground in an unlocked area is typically “within a child’s

reach.”
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Table 8.A5 Poisonous Plants and Children

Typically

» Gladiola

» Holly

+ Hyacinth

» Hydrangea

. lIris

+ Jimson weed
« Juniper

» Larkspur

+ Lantana

» Lily of the valley
« Mayapple

+ Mistletoe

« Monkshood
» Moonseed

« Morning glory
+ Nightshade

» Oak

» Oleander

+ Poison ivy

» Pokeweed

« Water hemlock

Philodendron
Rosary pea

Typically Outdoors Indoors Solutions
« Azalea/Rhododendron Amaryllis - Know and label plants by name.
- Black locust Arrowhead - Put poison stickers on the labels of plants that are toxic
. Boxwood Caladium (such as Mr. Yuk, mentioned above).
. Buttercups Candelabra « Move poisonous plants out of children’s reach.
. Caladium cactus « Teach children not to eat plants (leaves and berries) or
mushrooms outside.
» Castor bean Cyclamen
. gy « Know symptoms of poisoning, symptoms may be
) g}ﬁ\rgtéges (wild or Devil's ivy immediate or delayed by several hours.
. Chinaberry Dumbcane o Nausea, stomach cramping, vomiting, and diarrhea.
. Daffodil Eucalypius ° Some cause burning of the mouth and tongue, along
Jerusalem with swelling of the tongue, irregular heartbeat,
- Elderberry cherry nervous excitement, and mental confusion.
« English ivy Lily of peace o Some can cause death, such as the rosary pea or
. Foxglove—Digitalis Pencil castor bean, foxglove, larkspur, daphne, rhubarb leaf
_ enci blade, golden chain, lantana, laurels, rhododendrons,
+ Giant Elephant Ear cactus

azaleas, jasmine, oak foliage, and acorns, foliage of
wild cherries.

« If you suspect poisoning:
o Call the poison control center.

o Take a leaf or stalk of the plant the child has ingested
to the doctor’s office with you.

http://ansci.cornell.edu/plants
http://aggie-horticulture.tamu.edu/
http://chw.edu.au/
http://chppm-www.apgea.army.mil/
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DEFINING THE ISSUES

Many people associate adaptive equipment with a mysterious territory of wheelchairs,
hospitals, inability, and dependence. They may believe adaptive equipment is cumber-
some, complex, expensive, and used only by people with disabilities. Such perceptions
reinforce differences among people rather than similarities.

The goals of adaptive equipment are to equalize, coalesce, and include. Many of
these devices can be inexpensive, easy to use, and can seamlessly interface with one’s
environment, blurring lines between disabled and able-bodied, the cans and the can
nots. Able-bodied people use adaptive equipment every day (Box 9.1).

BOX 9.1 PRODUCTS INVENTED AS ASSISTIVE TECHNOLOGY

The typewriter was created in 1808 to help a blind woman write legibly.

The tape recorder was created in 1948 as a “low-cost talking book
machine for the blind.”

Both leveled the playing field for persons with disabilities.

Both are used worldwide by persons without disabilities.

WHAT IS A DISABILITY?

The word disability often conjures up images of people who are unable to “do things.” Often
“disability” has a negative connotation associated with it. However, disabilities are common and
a natural part of life. In the United States, one out of five people has a disability. In India, this
figure is approximately one in 30. Approximately 20,000 people with disabilities in Afghanistan
receive assistance in rehabilitation and education (Turmusani, 2004). In Africa, one in 16 has a
disability and only two percent have access to rehabilitation (Onasanya, 2004).

We move in and out of dependent and independent states throughout our lives. Infants
are totally dependent on others to satisfy their needs. As adults, we may be relatively inde-
pendent or we may experience injuries that render us temporarily or permanently unable
to function without assistance. As we age, we may become dependent due to age-related
illnesses. These times of dependence are times of dis-ability.

BOX 9.2 DEFINITION OF DISABILITY

. . 1. A physical or mental impairment that substantially limits one or more of the
A_merl_c_aps with major life activities of the individual;
Disabilities Act 5 A d of hi ) .
(2004) - Arecord of such impairment; or _
3. Being regarded as having such an impairment.

United Nations Any restriction or lack (resulting from an impairment) of ability to perform an
(1993) activity in the manner or within the range considered normal for a human being.
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Dis-ability also occurs when external environments interfere with our ability to function.
For example, children who are unable to hear due to loud construction outside the class-
room are as disabled at that particular time as children who are physiologically incapable
of hearing. Each instance leads to functional deafness.

We minimize our differences when we see people as having a spectrum of abilities
(Box 9.3). Doing so allows us to focus on the most effective way to enable each child to
become independent.

Implementing an appropriate adaptive plan for a child with a disability can enable the
child to thrive, foster independence, and help cultivate skills that contribute to society. The
absence of a well thought-out plan can result in the child abandoning new technology,
resulting in frustration, discouragement, and fear.

No single technology configuration is right for all people with a specific disability.
Usually, a range of options is available. Important considerations in choosing among alter-
natives for a child include the child’s needs and abilities, objectives, the environments
where the technology is used, and available alternatives.

BOX 9.3 THE ONUS OF DISABILITY

Shift the Focus of Disability from...
...an individual with a deficit, to
...an individual with a performance deficit, to
...an environment that contributes to or removes performance barriers.

(NIDRR, 2004)

WHAT IS ASSISTIVE TECHNOLOGY?

Assistive technologies are items that enable people with disabilities to participate in activi-
ties of daily living, helping to ensure equal opportunities (Krug, 2004). These range from
highly technological to everyday products and include wheelchairs, adapted vans, com-
munication devices, and modified computers.

Assistive Technology assists

individuals in participating more | BOX9.4 DEFINITIONS FROM THE TECHNOLOGY-RELATED
fully in society. It levels the | ASSISTANCE ACT OF 1988

playing field between disabled Assistl Technology designed to be utilized in an
children and their able-bodied ssistive assistive technology device or assistive techno-

Technolo .
counterparts (Box 9.4). Proper 9 | logy service.
tqols .e.n.able children who _have Assistive
disabilities to compete in a | Technology
broader range of environments. | Service

They can excel at school and Evaluating, providing, and maintaining the
eventually at work as capable Services product(s) and coordinating other services with
peers assistive technology and training.

A service that helps disabled individuals choose,
obtain, or use the device(s).

* US Public Law 100-407, the Technology-Related Assistance for Individuals with Disabilities Act, was signed into law in 1988 and amended in 1994. The basic
purpose of the law is to provide financial assistance to the states for needs assessments, identifying technology resources, providing assistive technology services
and conducting public awareness programs.
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AVAILABILITY OF SERVICES

The availability of services for the provision of assistive technologies varies from country to
country. For example, the United States guarantees access to technology for the disabled
(Box 9.4), yet many countries do not offer equal civil rights. Table 9.1 lists some govern-
mental regulations from several countries that influence access to these services.

Approximately 98 percent of disabled children in developing countries do not receive
an education (CRIN, 2004). Organizations including the United Nations Children’s Fund
(UNICEF) and the Child’s Rights Information Network (CRIN)* work to protect all children,
advocating to ensure children, including those with disabilities, receive an education.

The United Nations’ Convention on the Rights of the ChildT requires countries to “provide
free, compulsory basic schooling that is aimed at developing each child’s ability to the
fullest.” Doing so requires that children have access to schools and high-quality education
(UNICEF, 1999).

Table 9.1 Provisions to Ensure Education and Services
Country Reference What it Says
The Commonwealth This Ia\_N to comba_lt .discrimination includes discrimination in
Disabilit education and training.
G Discrimi¥1ation Act
1992 (DDA) Draft Disability Standards are being created to clarify the
goals of the DDA by describing how to comply with the Act.
These are general antidiscrimination laws. There are no laws
Charter of Rights and | to mandate accommodating children with disabilities in
Freedoms and the schools.
PRl Canadian Human
Rights Act While there are “programs” and “policies” to support inclusion,
participation is voluntary and varies among provinces.
E A project is underway, | This project entails examining the need for standards to
uropean : . . ; . S
Union with the't|t_lt'e increase access to information and communication
“Accessibility for All” technologies.
Law 238 provides compulsory education for children with
Law 238 disabilities.
AELED Law 89-486
Law 89-486 reaffirms Law 238 and further states that priority
must be given to schooling in a mainstream environment.
United Education Act 1996 This Act states that children with special education needs are
Kingdom to be educated in mainstream schools.
Children who qualify for special education are entitled to
United States | Public Law 100-407 receive adaptive technology services. In order to obtain
services, a series of steps is required.2

@ These steps include (1) a written request from the parent/guardian to the school stating the child’s assistive

technology needs, (2) the school’s response including a proposed assessment plan, and (3) written consent
from the parent or guardian agreeing to the school's plan. The school and the parent each have 15 days for
their respective responses. Once consent is given, the school has 50 days to complete the assessment and
hold an Individualized Educational Plan or IEP.

* CRIN is a global network that disseminates information about the Convention on the Rights of the Child and child rights among nongovernmental organiza-
tions (NGOs), United Nations agencies, intergovernmental organizations (IGOs), educational institutions and other child rights experts.
 This has been ratified by every country except the United States and Somalia.
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BOX 9.5 U.S.LAWS THAT ADDRESS THE NEEDS OF INDIVIDUALS WITH DISABILITIES

The following is a list of notable laws enacted in the United States to address the needs of people with

disabilities:

+ Rehabilitation Act of 1973

« Education for All Handicapped Children Act of 1975 (PL 94-142)

» Rehabilitation Act Amendments of 1978 (PL 95-602)

» Education of the Handicapped Act Amendments of 1986 (PL 99-457)

» Rehabilitation Act Amendments of 1986 (PL 99-506)

» Developmental Disabilities Assistance and Bill of Rights Act Amendments of 1987 (PL 100-146)
+ Technology-Related Assistance for Individuals with Disabilities Act of 1988—“The Tech Act”—(PL 100-407)
« Americans with Disabilities Act of 1990—“ADA”—(PL 101-336)

« Individuals with Disabilities Education Act of 1990—“/IDEA”—(PL 101-476)

» Rehabilitation Act Amendments of 1992 (PL 102-569)

» Technology-Related Assistance for Individuals with Disabilities Act of 1994 (PL 103-218)

» Individuals with Disabilities Education Act Amendments of 1997 (PL 105-17)

EXAMPLES OF ASSISTIVE TECHNOLOGY

The proliferation of computers has led to a corresponding rise in assistive technology
device (ATD) software and hardware designed for educational and therapeutic purposes.
Most assistive technologies address functional needs such as communication, mobility,
and accessibility. Such ATDs include alternative keyboards, speech-recognition software
(voice input), word prediction, hands-free mice, and text-to-speech software (software that
“reads” computer screen text and information).

Augment
To make or become
greater in size,
amount or intensity.

Augmentative Communication products allow children who are
unable to speak to communicate with others. An example of a low-
tech augmentative communication product is a picture board that
enables users to communicate by pointing to objects or processes.
A high-tech alternative provides real or synthesized electronic

speech that articulates dynamic (developed
at that time) or predefined sentences (Figure
9.1a through Figure 9.1c).

Figure 9.1a (Mayer-Johnson LLC)

A Symbol Overlay for Augmentative Communication.
Symbol Overlays can be purchased or even made at home,
to identify a child’s commonly used words and phrases.
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Figure 9.1b and Figure 9.1c (Mayer-Johnson LLC)

Children, caregivers, and therapists can select the pictures to include on a picture board.
Matching what a child generally needs or wants with their method of communication gives
the child a sense of control over his environments.

SELECTING AN ASSISTIVE TECHNOLOGY DEVICE

Selecting the appropriate assistive technology device is crucial. The wrong product may
be more harmful to a child’s well-being than not providing any assistive technology. The
proper choice requires an understanding of the child’s current and potential future needs
including the child’s prognosis, the ease and cost of maintaining the device, and the
product life cycle.

Understanding the child’s specific situation and its impli-

Criteria to evaluate the ease cations is necessary to evaluate a plan’s costs and benefits.
O e S EEEEE dEs For example, computers may cost from a few hundred
- Easy to understand dollars to a few thousand dollars, with a broad range in
- Easy to transport system capabilities, component qualities, warranties, and
- Easy to operate upgradeability.

DEVELOPING A PLAN

A good technology plan considers four aspects of design. These include the consumer’s
desired outcomes, preferences, abilities, and the environment in which the technology will
be used. Results are matched with available devices.

THE CHILD USER’S DESIRED OUTCOMES: Client-centered approaches in occupational
therapy intervention that consider patient objectives are more effective than therapies that
exclude patients from the decision-making process. Similarly, integrating the child’s input
into the technology plan can help empower the child (Figure 9.2).
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Figure 9.2 (Karl Dean and Hull & East Yorkshire Hospitals)
Children have their own wants and desires, and they should play a
primary role in selecting assistive devices. Children may want to read
and write, but they may also want access to the games their friends play.

THE CHILD USER’S ABILITIES: Children are not their disabilities. A child’s chance for
success cannot be presumed by his diagnosis. Assessments by caregivers, physical,
occupational, or speech therapists tell us what a child can do on an everyday basis, at that
time. These assessments can facilitate the development of a strong team approach with
common goals.

THE CHILD USER’S PREFERENCES: We all have likes and dislikes that influence our
choices. A child’s ideas about how products “fit” into his life will affect whether he uses
them. He may resist products for several reasons, including not being involved in choosing
the technology.

Realistic expectations are also important. Children need to understand in real terms
what the device will and will not do. They need to know how long it will take to become
proficient to avoid becoming discouraged and quitting.

Although the child will be the primary user of the technology, family members
may also be involved in choosing, assisting the child in using, and maintaining the
technology.

THE CHILD USER’S ENVIRONMENT: The environment should influence the design.
For example, if the child intends to use a wheelchair outdoors, identify the specifications
that will best meet the environment. Lighter wheelchairs’ special design features let a
child turn and move quickly, so he can race or participate in sports, while other
wheelchairs will let him ride in the sand at the beach (Box 9.6, Figure 9.3a and Figure 9.3b).
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Table 9.2 Questions to Ask When Developing a Technology Plan

1. What does the child wish to accomplish in utilizing the technology?
2. What would the family, teachers, or therapists like the child to achieve?
Chi , 3. Can the technology help in areas where the child cannot function independently?
ild User’s . e . - .
Desired 4. Will 'Fhe technology address major life issues that are important to the child’s physical
Outcomes and intellectual development?
These may include the ability to play, participate in school, interact with family and
friends, and control his environment. Older teenagers or young adults may also
consider securing and maintaining gainful employment.
Child User’s 1. Does the ch!ld possgss fine and/or gross motor skills?
Abilities 2. Does the chlld have independent locomotion?
3. Can the child hear, see, and speak? If so, how clearly?
1. Were the child’s preferences considered when choosing the technology?
Child User’s 2. Does the child want the specific assistive technology product?
Preferences 3. Does the child perceive the technology to have negative connotations associated
with it?
1. Will there be exposure to variations in weather, such as rain, snow, or sand?
Child User’s | 2. Will the environment need to remain quiet (e.g., a classroom)?
Environment | 3. Will there be background noise?
4. Will there be electrical or other interference?

BOX 9.6 THE CHALLENGE OF SAND

(@) (b)

Figure 9.3 (Both pictures by Deming Designs, Inc.)

In the mid-1990s, Hawaii lagged behind other states in the United States in availability of ATDs. A conference was
designed to introduce Assistive Technology Devices while addressing needs unique to their region. Much of Hawaii
is comprised of beaches where family and community recreation takes place, but traditional wheelchairs are not
conducive to use on the sand. The beach wheelchair was introduced (a and b), which had thick tires for riding over
sand and canvas seating to withstand water. This example demonstrates how the environment made it impossible to
use an established ATD but, with modifications dictated solely by the environment, an ATD could be successful.
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Figure 9.4a (Tash, Inc.) Figure 9.4b (AbleNet)
An Accessibility Switch that requires very light pressure. A General Purpose Accessibility Switch.

CONSIDERING THE FUTURE

Children’s capabilities change over time, as they grow and mature or as their disabilities
progress or lessen. These criteria will influence the selection of the technology.

Understanding the prognosis and disease process is essential. For example, a child
with a degenerative illness may initially access his or her environmental control unit using
a general purpose accessibility switch (requires 100 to 200 g pressure to activate (0.22 to
0.44 1b)), but in six months or a year may require a switch that requires a very light touch
(5 g pressure (0.011 Ib)) to compensate for reductions in upper extremity strength (Figure
9.4a and Figure 9.4b).

The future of the technology also influences the selection. Each child’s plan should
distinguish between a minimum acceptability and a recommendation. When selecting
devices, minimum requirements represent the bare minimum capabilities the hard-
ware must possess in order to use the products on the computer. However, these
specifications may not be sufficiently powerful to achieve optimal or even acceptable
results.

For example, historically, each new generation of speech recognition software needs
more computer speed and power. A child may initially use speech recognition software on
a minimally acceptable computer, but the computer may not accommodate future software
upgrades. Further, a minimally acceptable system that enables software installation may
not meet broader objectives, such as system response time or stability during hours of
continual use.

COMPUTER PRODUCTS

Computers streamline workflow for adults and children with and without disabilities.
However, while an able-bodied child may be comfortable using standard computers, it is
often necessary to adapt computers with additional hardware and software to accommodate
a child with a disability. While the following is not a complete list of types of adaptive com-
puter products, it underscores the broad range of technologies that assist individuals with
disabilities.
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KEYGUARDS

A Keyguard fits over traditional or adaptive key-
boards (Figure 9.5). Usually plastic or metal, there
are two types of keyguards, one with cutouts and
another offering a protective layering.
Cutouts. Keyguards with cutouts have holes
that fit over keys on the keyboard. After placing
the keyguard on top of the keyboard, users can
only strike unprotected keys.
This product works well for individuals who lack
fine motor control. It enables them to use a stan-
dard keyboard with greater accuracy because (1)
some keys may be blocked from use and (2) users
must do more than touch the keys to implement the
keystrokes. They have to put their fingers inside
the hole on the keyguard and exert pressure on
the key to implement the choice.
Protective layering. The second type of key-
guard provides a protective layer between the
keyboard and the environment. It may have
multiple colors to distinguish among types of keys Figure 9.5 (Viziflex Seels, Inc.) -
on the keyboard or it may blank out certain keys gxampleffofac‘ﬁ.‘igt Cygrend Tty
) evice offers a child more control over his
that can distract users. These keyguards protect keystrokes by requiring the child insert his
the keyboard from damage due to spills or excess finger into the opening to strike a key.
moisture, including saliva.

HEAD POINTERS

Head Pointers are sometimes referred to
as Hands-Free Mice. These are not point-
ing sticks or mouth sticks. Hands-free
mice are products that use infrared tech-
nology to simulate mouse movement.
To use head pointers, users put a
reflective device on one’s forehead,
glasses, or headband. Moving one'’s
head moves the cursor on the screen.
Additional technologies such as dwell
selection software and accessibility
switches implement mouse clicks.
Dwell Selection Software allows users
to implement mouse clicks using soft-
ware instead of a mouse. For example,
a child can move the mouse cursor over
an object using a head-pointing device, Figure 9.6 (AbleNet, Inc.)
and by leaving the pointer over the object  An accessibility switch provides a means for children to
for a specified amount of time (dwelling), control devices. Pressing the acce.ssibility switch may replace
. . . the need to turn a knob, flip a switch, or click a button.
the object is automatically selected.
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Children use Accessibility Switches to implement choices on devices including wheel-
chairs, computers, or communication devices. For example, an accessibility switch may
be a push plate, a radio transmitter, or pneumatic switch (also referred to as a sip/puff
switch), by which children activate the switch by controlled breathing into the product.

JOYSTICKS AND TRACKBALLS

Joysticks and Trackballs provide alternatives to computer mice. Most people who play
computer games or visit video arcades are familiar with these controls.

Joysticks are vertical stick-like controls that direct the mouse cursor up, down, side-
ways, and diagonally. Trackballs are essentially upside-down mice. Rather than holding
one’s hand on a mouse while rolling it over a surface, trackballs remain stationary while
the user rolls the ball. Trackballs help some users who experience neck, shoulder, or arm
discomfort caused by mousing. Trackballs can also benefit individuals who have limited
neck, shoulder, or arm movement because users can place the trackball in their laps,
eliminating the need to hold their arms up.

Trackballs enable the user’s wrist to be held in neutral. It is important to be aware of
finger fatigue when using a trackball and not simply exchange one form of fatigue for
another.

ON-SCREEN KEYBOARDS

On-screen keyboards simulate standard
keyboards by providing a graphical user
interface (GUI) that portrays the keyboard
on the computer screen (Figure 9.7). The
user clicks the pictures of the keys. This
enables students to key without having to
use their hands or mouthsticks to key on
a standard keyboard. Traditional mouse,
joystick, hands-free mouse, touch screen,
and dwell selection software work with
on-screen keyboards.

On-screen keyboards benefit children o "
with fimited deXter!ty or fine motor strength. Oﬁgife2;17Ke§rggzgsie;aTb?e c)hildren to type using
Many of these devices offer dwell selection. a Graphical User Interface instead of a traditional
With dwell selection, users set the hover keyboard.
time from a fraction of a second to several
seconds. A child who has good head control but finds it difficult to hold his head steady
needs a short dwell time when using a hands-free mouse. Children with poor head control
need longer dwell times. Child users will need to experiment to find the delicate balance
between clicking the wrong key (when the dwell time is too short) and fatigue from sitting
in fixed postures for longer than necessary (when the dwell time is too long).

Some on-screen keyboard programs allow users to customize keyboard colors, which
is helpful for children with visual impairments and learning disabilities. This feature also
encourages children to explore the software. For example, a child may customize the
keyboard so it has a purple background, lime green keys, and red letters.

Allowing children to customize the look of the on-screen keyboard does not change
the colors of the printed text. Additionally, children with disabilities do not typically use the
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keyboard for extended periods of time, and they often have little opportunity for creative
expression. Enabling children to change the colors on the keyboard provides an opportunity
for creative expression and facilitates interest in using the technology. There may be a
trade-off between user preferences and professional recommendations on visual fatigue
and readability of multicolored screens.

WORD PREDICTION

Word Prediction Software helps children increase typing speed. As the child types, word
prediction software anticipates what the user wishes to key next and suggests a list of
words on the computer screen. As each additional letter is typed, on-screen word choices
change to reflect the new cues. When the word the user is typing appears in the word list,
the user inserts the selection in the document. Word prediction software begins to predict
the user’s next word, based on the child’s word patterns (Figure 9.8).

Another common feature in word predic-
tion software is Abbreviation Expansion. This
feature allows children to program the sys-
tem, assigning a series of letters, words, or
sentences to one or a few keystrokes. When
the child types the abbreviation, the software
inserts the preprogrammed information into
the document. For example, a user can set
his system to expand HAYT to “How are you
today?”

Some word prediction programs pro-
vide auditory feedback by speaking the let-

ters, words, or sentences the child types. Figure 9.8 (Kurzweil Educational Systems)

Word Prediction Software helps children find words

This feature can help auditory learners, chil- and phrases more quickly by anticipating what they
dren with visual or learning disabilities, and are going to “say” (type). In some programs, clicking
children with brain injuries. Many on-screen individual words enables children to hear choices or

) 7 a definition of the word before making their word
keyboards include word prediction, how- e . s

ever word prediction software can be used
without an on-screen keyboard.

SCREEN ENLARGEMENT

Screen Enlargement software magnifies the images on the computer screen, enabling
individuals with low vision to use computers. Children can adjust magnification levels and
choose text and background colors that help them distinguish images.

TEXT-TO-SPEECH

Children with visual impairment and blindness often use text-to-speech software with screen
enlargement software. Text-to-speech software can read menus, dialog boxes, document
names, and text. It can even announce the time, using the time and date settings in the
computer.

Text-to-speech software helps children with dyslexia and other learning disabilities
by reading letters, words, and sentences aloud as the child types. Some texi-to-speech
software will also highlight the words as they are read. This feature allows the student to
follow along with the computer, reinforcing reading and spelling skills.

350



Assistive technologies

Table 9.3 Speech-Recognition Timeline

Mid-1980s | Speech recognition required users to speak one letter at a time.

Discrete speech programs enabled users to dictate complete words but users were

1995 required to pause between words.
1997 Continuous speech programs enabled users to dictate without pausing between each word.
2005 Speech recognition capabilities, including increased recognition accuracy and intuitiveness

of commands, continue to improve.

In the future, the software may be easier to use, include commands that are more intuitive, and we may be
given the ability to dictate using conversational speech.

SPEECH-RECOGNITION

Speech-recognition software is an input device, just as keyboards, mice, and joysticks
are input devices. Speech-recognition software enables children to use the computer by
speaking instead of typing on a keyboard or using a mouse. Child users with upper extremity
limitations, visual impairment, learning disabilities including dyslexia, and brain injuries
may benefit from speech-recognition software.

There are two types of speech-recognition software: discrete speech and continuous
speech.

DISCRETE SPEECH VS. CONTINUOUS SPEECH: Discrete speech programs require
users to pause between words (usually for between 1/10th and 2/10th second). Continuous
speech programs understand speech without distinct pausing between words. Individuals
with profoundly affected speech often have less difficulty using discrete speech programs
but discrete speech software is no longer available. It is therefore important to retain the
services of a private consultant who has experience with discrete speech software and
continuous speech software. These experts can teach children with affected speech
methods to increase recognition accuracy, and they can modify continuous speech
software to be more conducive for use by children who lack speech clarity.

AUGMENTATIVE AND ALTERNATIVE
COMMUNICATION

Augmentative and Alternative Communication
Devices (AAC) provide language for those
unable to speak. The two most important fac-
tors for people who rely on augmentative com-
munication are to be able to say what they want
to say and to say it as fast as they can.
AAC uses three language representation
methods: Minspeak, spelling, and single-mean-
ing pictures. Minspeakor Semantic Compaction
is the fastest and most common method. It
consists of symbols strung together in short  Eioure 9.9 (Prentke Romich Company)
sequences. Fluency with its use can exceed Augmentative and alternative communication
that of spelling and word prediction within a  devices enable children to communicate.
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few hours of instruction (Gardner-Boneau and Schwartz, 1989; Hill and Romich, 1999).
Children with language capabilities of a two-year old can use it successfully (Romich,
1999). This method allows users to say exactly what they want because they create their
sentences spontaneously, rather than using preprogrammed sentences.
Minspeak-Based Semantic Compaction is a language in itself. It may help to compare
learning Semantic Compaction to learning Shakespeare or the shorthand court reporters
use. Semantic Compaction uses fewer than 100 icons in combinations of no more than
three pictures, making it possible to create more than 6000 words. For example, child
users who want to eat might press the Apple icon and Verb icon, where the Apple icon
represents food and the Verb icon represents action. A user could specify kiwi as the food
by pressing the Apple icon two times and the Dog icon (because it is brown and furry).

EDUCATIONAL SOFTWARE

Educational software assists children in learning a wide variety of skills. Educational
software can teach children how to use switches. This might represent teaching children
cause and effect relationships (pressing the switch to achieve a result) or it can help them
practice motor and cognitive skills (pressing the switch at the appropriate time).

Literacy software is a type of educational software that benefits children with learn-
ing disabilities and attention or hyperactivity disorders. These children may have difficulty
with memory, writing, or comprehension. Literacy software incorporates word prediction,
speech recognition, and text-to-speech technologies, providing a multisensory approach
to help children process information more effectively.

Children who find it difficult to write may benefit from software programs that develop
keyboard skills through picture mapping, letter recognition, word building, etc. Additional
software helps students develop and organize ideas.

Math programs help children learn basic mathematical skills. Such programs teach
skills such as number sequencing, telling time, and adding and subtracting.

SWITCHES AND MOUNTS

Switches come in almost every size
and style imaginable to accommodate
nearly every disability. Children use
switches to control computers, wheel-
chairs, and augmentative communica-
tion devices. There are several types
of switches. Their classifications are
based on the amount or type of force
required to produce an effect (see Box
9.7 for information on selecting switches
for a particular child or need).
Switches that require more force are
often larger and allow individuals with
gross motor skills tq hit the §vvitch usilng Figure 9.10 (AbleNet, Inc.)
heavy pressure. Children with good fine Switches can be used to implement choices and control devices.
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motor skills or less movement often | goy97 FACTORS TO CONSIDER WHEN IDENTIFYING

benefit from smaller, lighter switches | AppROPRIATE ACCESSIBILITY SWITCH(ES)
that require a delicate touch. For _ - _
What is the goal in using the switch?

example, an eyebrow SWItCh, can be What type of movement does the user have to be able
mounted on a lightweight, adjustable to engage the switch?

visor. Activation occurs with a slight How much force can the user exert to execute the

, _ action?
upward movement of the user's eye What areas of the individual’s body can be used to

brow. Children with movement limi- implement the switch?

N —

>

tations can also use a tongue switch, 5. Is it convenient and easy to use without interference?
which is placed in the child’s mouth 6. Can more than one area be used to implement a

. switch?
and pressed with the tongue.

Mounts (Figure 9.11) enable users to
attach switches, keyboards, touch screens,
and other devices in places that are easy
to reach. For example, some mounts can
position devices or switches without losing
space. Switch mounts can allow for easy
and precise adjusting of switch positions
and mounts with goosenecks.

Figure 9.11 (CJT Enterprises, Inc.)
This type of mount has an angle attachment and
positions easily.
TRAINING

A child must modify his existing processes and learn new skill sets when he receives assis-
tive technology. To be successful, the child must have appropriate training to learn how to
make these modifications. Just as we would never purchase an automobile for our child
before he learned how to drive, children should not be given assistive technology without
training and ongoing technical support. The training should be provided by an expert in
the specific technology the child is using. This will increase the probability of successful
implementation.

For example, properly implemented, speech-recognition software enables children with
disabilities to match or even exceed the typing speed and accuracy of their able-bodied coun-
terparts. However, speech-recognition, like many other technologies, is not an out-of-the-box
solution. Studies have shown that nearly two-thirds of adult users abandon speech-recognition
software because it does not perform to their expectations (Box 9.8). Children may have even
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greater difficulties and be quicker to abandon | Box 9.8 DO USERS USE THEIR PRODUCTS?

the technology than adults. _ ) _
Technologies, including speech-recognition (AS§FT\AN‘32368¥)Emkay TG (Hielies” (ieuek

software, must be taught in settings that allow | . Fewer than three percent of their respondents
children to work with the product properly. used the software for one hour or more, three
Experts in the nuances of the technology help to five times per week.

the child user develop realistic expectations, |« At least half of these respondents abandoned
minimize frustration, and use the product their software shortly afier purchasing it

correctly.

« Most (62%) were not using the software.

SIMILARITY AWARENESS

When children with disabilities are integrated into “regular” classrooms, their needs are
identified, adaptive technology devices are provided, and additional resources are made
available for the classroom. However, often little or no preparation is provided for the able-
bodied children.

, _ , The first time able-bodied children have contact with
%fé”dsizgﬁmt’gg fglior‘]"t':rggl{kijr:ean a person who is disabled may be in the classroom. Itis
regular classroom setting in therefore as importantto sensitize the able-bodied children
which they may be included for about disabilities, as it is to prepare the disabled child
all or part of the school day. with assistive technology.

Figure 9.12a and Figure 9.12b (Valerie Rice)
Temporary disabilities, like permanent disabilities, require adjustments be made to the child’s environment.

* Embkay Innovative Products is a microphone manufacturer. Their parent company is Knowles Electronics. Their findings were based on a survey of
more than 13,000 people who purchased speech recognition software.
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Mainstreaming (integrating students with disabilities into regular classrooms) is an
opportunity to introduce children to concepts of ability, disability, separation, and inclu-
sion. While exploring these terms, we can empower children with an understanding
that, depending on how we define each of the above-mentioned terms, each of us can
be considered disabled in one manner or another. Children can become aware that
people can choose between terminology that separates and alienates or includes and
supports.*

TECHNOLOGICAL ADVANCES

Technological advances continue to offer opportunities for people with disabilities but,
because people with disabilities represent a relatively small market share (and children
with disabilities comprise an even smaller market), research and development costs often
make assistive technology products cost-prohibitive. As technology advances and the
able-bodied community incorporates assistive technology and Universal Design into
everyday life, the research and development costs will decrease, making the products
more financially affordable.

SIMPLIFYING USE

People with disabilities who incorporate assistive technology into their lives may still need
assistance assembling and maintaining the technology. Some students need aides to
accompany them to class on an ongoing basis.

As products evolve, the responsibilities of the aides may decrease. For example, plug
and play products make setup easier. Modulated products, especially those that self-
diagnose problems, permit removal and replacement of a malfunctioning module. Wireless
products, including Bluetooth technology, can simplify installation of environmental control
units. They require a less invasive installation, without extensive wiring and involvement in
household construction.

Multimodal devices give users more than one way to access information, which can be
helpful for people with disabilities. For example, Tablet PCs offer flexibility by integrating
a speech-ready system into a unit with a touch screen. Users can input data by traditional
means (mouse and keyboard), by touching the screen with a stylus or one’s fingers, or by
voice.

The term multimodal can be misleading. A product can be multimodal without including
redundancy in the design. If manufacturers incorporate redundancy, products will have all
of the access options embedded in the device and users will simply activate the mode they
wish to utilize. If a product is multimodal but does not offer redundant input, the device may
require users to type, speak, and use a stylus, making the product more difficult or impos-
sible for a disabled individual to access.

* Note from the editors. Chapter 9 reviews related issues in the context of developing countries.
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UNIVERSAL DESIGN

Universal design is the design of products and environments so as many people can
use them as possible. While it is primarily about function, it also includes consideration
of attractiveness, affordability, and accessibility. Incorporating universal design makes
products easier to use (Table 9.4).

Table 9.4 Principles of Universal Design?

Examples of Universal Design®

1. Equitable Use

The design is useful and marketable
to people with diverse abilities.

A computer that incorporates speech
recognition (speech input), text-to-speech
(speech output), and graphical user
interface (GUI).

The design accommodates a wide

Software that provides for alternative

skills, or current concentration level.

2. EI::'b'"ty in range of individual preferences and ways to execute tasks (e.g., a keyboard
abilities. or a mouse or accessibility switch).
Use of the design is easy to under-
3. Simple and stand, regardless of the user’'s « Instructions that include text and images
Intuitive experience, knowledge, language to direct the user.

4. Perceptible
Information

The design communicates necessary
information effectively to the user,
regardless of ambient conditions or
the user’s sensory abilities.

An LED display on a telephone answer-
ing machine that indicates the number of
messages, and a light that blinks when
there is a message and a tone that
announces when there is a message.

5. Tolerance
for Error

The design minimizes hazards and
the adverse consequences of
accidental or unintended actions.

Computer programs:

With an “undo” function

That requires users to confirm an action
before performing it (e.g., “do you really
want to delete the selected file?”).

6. Low Physical
Effort

The design can be used efficiently
and comfortably with a minimum of
fatigue.

Keyboard enhancements such as
StickyKeys, RepeatKeys, and SlowKeys.

Word prediction software that reduces
the amount of keying required.

7. Size and Appropriate size and space is - Smaller keyboards, designed for children.
Space for provided for approach, reach, .
Approach manipulation, and use regardless of « Larger keyboards, designed for
and Use user’s body size, posture, or mobility. individuals who lack fine motor skills.

@ Copyright ©1997 NC State University, The Center for
Universal Design. www.design.ncsu.edu/cud
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CHANNELS OF DISTRIBUTION

Assistive technology is a specialized field, just like physical therapy, occupational therapy,
and medical disciplines. Doctors, counselors, educators, and therapists spend countless
hours remaining current in their fields of expertise. So does the expert in assistive technology.
Because assistive technology is a field in itself, doctors, educators, and others cannot be
expected to be experts in assistive technology.

The increase in the amount of special product knowledge required to integrate assis-
tive technology into a child’s life has made distribution networks increasingly important.
Although some health care professionals and teachers may have knowledge of assis-
tive technology, when incorporating assistive technology into a child’s education plan, an
assistive technology expert needs to be included to ensure the child is receiving appropriate
technology and services.

CONCLUSION

It is an exciting time in the world of assistive technology. Automatic speech recognizer
systems enable child users to control applications by voice. Children can navigate phone
systems by voice, touch-tone, or live operators. Biometrics, devices that use unique bio-
logical properties to identify individuals, including voiceprint, thermography, fingerprint,
and retina scans, are more widely available. Such technologies allow individuals to access
information and locations without the use of one’s hands or eyes to swipe an identification
card or type a password.

Voice over Internet Protocol, which converges multiple communications channels,
enables people to use their computers to communicate telephonically. A blind individual
can listen to e-mails using text-to-speech. A person who is deaf or hard of hearing can
read the contents of a voicemail after converting it to text.

Understanding that all individuals encompass a spectrum of abilities, the only reason
to label children as disabled is for access to the government programs and products
they need to lead more productive lives. As technology becomes more widely used and
accepted in mainstream environments and as we improve awareness and inclusion, the
need for this label will diminish. We will live in a “What | Choose To Use” world in which
all of the access options are built into the technology: speech-recognition, text-to-speech,
word prediction, on-screen keyboard, touch screen, stylus, wireless, traditional mouse,
and keyboard. It will be up to each individual to use the access that works best at any
given moment in time. It will be a world that is accessible to all.
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RESOURCES

Table 9.5 Resources on the Web

Center

Web site

Australia

Australian Legislation

www.legislation.act.gov.au

Canada

The Canadian Human Rights Commission

www.chrc-ccdp.ca

International

World Health Organization (WHO)

www.who.int/en

Center for International Rehabilitation

www.cirnetwork.org

United Kingdom

Her Majesty’s Stationery Office (HMSO)

www.hmso.gov.uk

Special Education Needs and Disability Act 2001, Chapter 10

www.hmso.gov.uk

United States

Centers for Disease Control

www.cdc.gov/ncbddd

Individuals With Disabilities Education Act Website

www.ed.gov/about/offices/list/osers

Americans With Disabilities Act Website

www.ada.gov

United States Website for Disability Information

www.disabilityinfo.gov

The Center for Universal Design (TCUD)

www.design.ncsu.edu/cud

Disability World: Bimonthly Web-zine of International Disability
News and Views

www.disabilityworld.org

Mainstream products originally created as assistive technology for

people with disabilities

www.accessiblesociety.org
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GOODNESS OF FIT

In the villages of third world countries, no one talks about “ergonomics” and few know what
it means. Even the term “appropriate technology” must be used carefully. In countries
branded as “less developed,” villagers wonder if “appropriate” means they are expected
to settle for second-rate solutions, because what is appropriate in one setting is not neces-
sarily appropriate in another.

Assistive technologies for disabled persons in developed countries are increasingly
specialized, elaborate, and exorbitant. These advanced technologies are often ineffec-
tive or irrelevant in villages and low socioeconomic environments. Unfortunately, low-
cost low-tech solutions developed from simple local resources are often overlooked and
undervalued.

Helping users in these environments requires working with them to develop solutions
that provide a “goodness of fit,” i.e., matching solutions with their life circumstances, cul-
ture, and environment. Although they may be unfamiliar with the discipline of “ergonom-
ics,” this matching is the essence of designing to fit the person (i.e., ergonomics).

SEEING THE BIG PICTURE

What makes a solution work (or not) for a given circumstance depends on many factors
including the local cultural, environmental, and economic conditions. Macroergonomics
involves studying the “big picture” together with its parts to understand how each part
might contribute to problems and influence the effectiveness of a solution.

This does not mean the microergonomic perspective is lost; it is merely one part of the
whole. The individual user’s needs, abilities, and limitations remain central to the macro-
ergonomic perspective, but the conditions in which the individual lives and functions are
also part of the solution.
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A child’s “job” is to learn emotionally and intellectually, to hone skills and capabilities,
and to grow and develop into a healthy, productive adult. Children accomplish this through
play as well as chores at home, in the community, and at school. Children’s ability to make
this transition is affected by their family, community, and government policies as well as the
resources available. Disabled children are challenged in each of these arenas.

RESOURCES

UNDERSTANDING THE IMPOVERISHED COMMUNITY

Poverty often limits children with disabilities more than their disabling condition. Their
needs are clear only within the context of their family and larger community. This means
individuals who work with them must gain an understanding of their environment, culture,
and the demands of their day-to-day lives. Framing potential solutions within their resource
limitations yields a more successful resolution.

Involving the disabled individual (and their family) harnesses their ingenuity and

empowers them within their home environment. It also helps ensure that local conditions
are considered in the therapeutic process.
For example, in many poor countries and
communities, severely disabled children—
and even many moderately disabled chil-
dren (especially girls)—do not survive past
early childhood. Rehabilitation professionals
and social workers may reprimand destitute
parents for neglecting disabled children or
giving preferential treatment to healthier chil-
dren. Rather than helping the situation, this
can result in alienation (Figure 10.1). Instead,
workers must collaborate with the family to
find solutions to problems, within the context
of their environment.

In their typical environment, rehabilitation
workers may. no_t have 1o think ab.OUt basic Figure 10.1 Rehabilitation professionals and
needs of their clients such as housmg, food, extension workers often ignore the larger picture
and water. However, these issues may be of when conducting “outreach” services in poor
vital concern to families and disabled chil- communities. While focusing on the physical, mental,
dren in developing counries. For exemple, st OTidiery mpsiments f he diatled bl
worldwide, malnutrition is a major cause of child’s and family’s basic needs.
disability, especially for mothers, fetuses, and
young children.*

* Chronic undernutrition (long-term hunger) before and during pregnancy increases the risk of premature birth, complications of labor, and postpartum crises.
Each of these can cause brain damage that may delay development and lead to cerebral palsy, deafness, blindness, epilepsy, or multiple disabilities. Nutritional
deficits during pregnancy can cause congenital syndromes such as cretinism from iodine deficiency as well as blindness and lowered resistance to infections
from a shortage of vitamin A. Poverty contributes to under nutrition, poor nutrition, infectious disease, and lack of adequate health care—all of which impact
the frequency, severity, and complications of disability, as well as the availability of rehabilitation.
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ANALYZING AND HARNESSING THE SITUATION

WHEN IS A PERSON “DISABLED”?

As seen above, poverty is both a contributing
cause of disability and an obstacle to meeting
disabled people’'s needs. As the song goes
“every cloud must have a silver lining,”™ we must
find such “silver linings” by looking for special-
ized and unique opportunities for including and
rehabilitating disabled children.

For example, a person with mild to moderate
mental retardation may not be seen as disabled in
a poor farming community. This person can play
an important role such as performing simple and
repetitive jobs (Figure 10.2).

Children with impairments are more limited
in some environments than others (Figure 10.3).
Mentally slow children may fit well in poor farming
communities, where livelihood depends largely on
physical activities. On the other hand, slow chil-
dren may find it difficult to adapt in middle-class
city neighborhoods, where schooling is needed
for a meaningful role in society.

Figure 10.2 Edgar, a teenage boy with
Down’s syndrome, helped support his family
by selling drums of water he hauled from the
river. This gave Edgar great pride and let him
contribute to his family and community. In
time, a new public water system was built that
benefited the community as a whole, but put
Edgar out of work.

Figure 10.3 Depending on their disability, some children find it
easier to adapt to one setting (rural or urban) than another.

* From Melancholy Baby by George A. Norton. www.bartleby.com/66/55/42655.html
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WHEN IS A DEVICE “FUNCTIONAL”?

HIGH TECHNOLOGY IS NOT ALWAYS THE BEST SOLUTION

Low-income neighborhoods and rural areas provide unique opportunities to develop
low-cost yet highly functional assistive devices using locally available materials. These
devices are designed to adapt to the possibilities as well as limitations of the local
situation.

Although costly rehabilitation equipment may look more impressive, simple locally
made equipment, thoughtfully adapted to the specific child and situation, often works as
well or better. Once again, the key is to take a larger viewpoint for evaluation, assessment,
and intervention.

A CASE STUDY EXAMPLE—MOBILITY: Most large metropolitan areas in developed
countries attempt to provide some accessibility of public buildings for people with
disabilities. While the equipment to promote accessibility works well in those situations, it
may be less functional in a rural environment.

Mike Miles, a writer experienced in Community Based Rehabilitation, tells the following
story about a town in Bangladesh.”

Two people set out one day to mail a letter at the post office. First to arrive was a disabled young
woman, obviously well-to-do. She pulled up near the post office in her big adapted van, lowered
her electric wheelchair on the built-in lift, and buzzed up to the post office. There she encountered
four steps. No ramp. Cursing the inaccessibility, she wheeled back to her van and drove home, her
letter unmailed.

Next came a boy, both legs paralyzed by polio. Wanting to mail a letter, he climbed onto his
homemade skateboard and hitched a ride by hanging to the back of a truck. On reaching the post
office, he saw the four steps. No problem! He scuttled on his backside from one step to the next,
dragging his skateboard behind him. At the top, he hopped back on his board and rolled into the
building. Bypassing a line of people, he wheeled under the counter and purchased stamps from
the clerk, who obligingly mailed his letter.

Mike then asks:
“Which of these two disabled persons is more independent?”
“Which mobility aid is more appropriate?”
“What barriers were involved: Physical? Cultural? Psychological?”

“Would the answers be the same in other countries or circumstances?”

* Referenced from a lecture by Miles, M. (September 2001). Community based rehabilitation, Amsterdam.
363



Ergonomics for Children: Designing products and places for toddlers to teens

Figure 10.4 depicts
a similar scenario.

Figure 10.4 (Photos from Nothing About Us Without Us, by David Werner.
Available online in several languages at www.healthwrights.org)

Two mobility aids used by children in India. Which is more appropriate? What might
happen if the children swapped their vehicles?

A CASE STUDY EXAMPLE —“TECHNOLOGY” FROM THE GROUND UP: Uneven dirt floors
impede some disabled children. Yet earth floors and courtyards are useful when constructing
rehabilitation aids such as parallel bars, standing frames, and special seating.

For example, children with scissoring of the legs caused by spasticity may benefit from
special seats that enable them to sit with their legs widely spread. In the United States or
Europe, such children might be fitted with expensive and elaborate molded plastic seats.
Equally functional seats can be made in village homes or yards by pounding wooden
stakes into the ground (Figure 10.5 and Figure 10.6).

Figure 10.5 Child with Figure 10.6 Seating for a boy with cerebral palsy
cerebral palsy “scissoring legs” and “scissoring legs.”
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KEEP THE DISABLED CHILD IN THE FAMILY AND COMMUNITY “LOOP”

The psychological and emotional health of disabled children and their relationships to family
and community are important, even when considering a rehabilitation device or activity. It
is important to ask: “Does this therapeutic device or exercise help integrate or exclude the

child from the day-to-day life of their family?”

It is best to avoid isolating children from their community and even rehabilitation exercises
can ultimately isolate a child and emphasize how they are “different” from their peers. Figures
10.7 through Figure 10.9 show examples of keeping the child involved with their community.
By creating work-based therapeutic activities for the child, you keep them involved, accom-
plish therapeutic goals, and build on strengths rather than limitations (Figure 10.10).

LESS
APPROPRIATE

Instead, find ways for her to exercise while taking part in daily activities:

Another child
can help
lower the
grinder.

MORE
APPROPRIATE

If the grinder is too
heavy to lift, add
more weight to the
other side.

Figure 10.7 Create therapies that include disabled children in their family’s everyday life.

Figure 10.8

hard.

In places where people
grind grain with a hand mill, it can

be used for exercises. So can grinding
grain on a stone dish. The resistance
of a mill can be adjusted from easy to
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Figure 10.9 Therapeutic exercises to strengthen arms and shoulders can
separate a child from family and community. Instead, develop exercises that
enable the child to take part in daily family and community activities.

Figure 10.10 Build
on strengths instead of
weaknesses.

DESIGNING LARGE-SCALE INTERVENTION PROGRAMS

COMBINING THE BEST AND THROWING OUT THE REST

Large-scaleintervention programs are most successful when they follow amacroergonomics
approach using similar premises to those listed above:

1. Integrating interventions within each system that affects the child, such as the
economic, health care, social, and educational systems.

2. Taking the local culture, resources, and environment into account.

a. Define disability according to the culture, resources, and environment.

b. Define function according to the culture, resources, and environment.

Keep the disabled child involved in the activities of their family and community.

Involve the child with the disability in the rehabilitation process.

o
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For large-scale interventions, two additional principles are added:

1. Involve the individuals with disabilities, their families, and their communities
throughout the process.

2. Educate the individuals with disabilities and their communities so they can
independently run their own programs, calling upon outside experts as subject
matter experts only.

Two international initiatives were recently introduced in third world countries. These are the
Independent Living Movement (IL) and Community Based Rehabilitation (CBR). Each
has strengths and weaknesses, given in Table 10.1.

Table 10.1

Two Large-Scale Intervention Programs

How it began

Strengths

Weaknesses

Launched by
rehabilitation
experts working
with the World
Health

Tries to reach all
disabled people,
particularly the poorest
and most needy

Disabled individuals are often not
involved in decision making, organizing,
and leading efforts that affect their lives.

Local supervisors, who are the

Independent
Living
Movement (IL)

disabled people in
industrialized
countries

It has gradually
made headway in
poorer countries
through organiza-
tions such as
Disabled People
International
(DPI).

activists.

Disabled people
determine the direc-
tion of its organiza-
tions and services.

Provides social action
for equal
opportunities

Its rallying slogan has
become “Nothing
About Us Without Us”
(Figure 10.11).

Community o - Often seeks home- nondisabled facilitators of the process,
rganization : ; - .
Based ; based alternatives to often receive minimal training.
. (WHO) in the R
Rehabilitation institutions Therefore, they do not always know
early 1980s . A
Plan is inclusive enough to help disabled individuals
. ; ’ meet their greatest needs effectively.
involving both
government and
private initiatives
Started by Led by disabled Largely a middle-class movement that

often neglects the poor.

Tends to leave out vulnerable groups
such as the mentally retarded, mentally
ill, and children.

Outreach often assumes the needs of
the third world poor resemble those of
disabled people in Western countries.

“Living independently” on one’s own is
a Western concept; living “interdepen-
dently” may be more appropriate for
societies rooted in extended families
with a strong sense of community.

Figure 10.11 The Independent Living Movements slogan.
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The challenge for rehabilitation workers and disabled individuals is to find ways to
combine and adapt the empowering self-determination of the ILM with the broad outreach
of CBR. The Program of Rehabilitation Organized by Disabled Youth of Western Mexico,
known as PROJIMO, is a program that combines the best of the two programs listed in
Table 10.1. Projimo is the Spanish word for neighbor.

The goal of PROJIMO is to promote self-determination while working within the person’s
cultural and socioeconomic environments. It does so by training individuals in the com-
munity, who have disabilities to be “crafts persons.” When persons with disabilities learn to
design and make assistive equipment and to include the user in the process, it helps both
the creator and the recipient of the equipment.

PROJIMO AS AN EXAMPLE OF A SUCCESSFUL INTERVENTION PROGRAM

Sometimes, the best programs develop from a “grass roots” need.
PROJIMO grew out of a villager-run health program in the Sierra
Madre in 1981. A number of mountain villages selected a local per-
son with a disability to be trained as their village health worker. As
years passed, others with disabilities became health workers.

Individuals with disabilities are some of the best health workers. Their health work is
not just a job; it is a chance to gain importance and respect in their communities. Through
their own experiences, they understand and relate to others in need. By becoming health
workers, their weaknesses became their strengths.

Over time, some health workers with disabilities became leaders in the village health
program. However, they wanted to know more about helping other persons with disabilities.
This led to the formation of PROJIMO, a sister organization to the village health program.
PROJIMO is primarily run and staffed with village health workers with disabilities and other
village youth with disabilities who were invited to participate.

Today, nearly all the leaders, rehabilitation workers, and crafts persons in PROJIMO
are disabled persons. Most came to PROJIMO for their own rehabilitation. They liked the
program and stayed to learn skills and help others, eventually becoming capable rehabili-
tation workers themselves. Some returned home and started similar (but always uniquely
different) community-based programs in their own towns or cities.

Having a disability provides team members with unique insight, creativity, and compassion
when working with other disabled people—especially those with disabilities similar to
their own. (Box 10.1 contains additional comments on the benefits of having individuals with
disabilities as staff. Other types of rehabilitation efforts use this concept, such as Alcoholics
Anonymous.)

Birth of a Program
Growing out of Need

BOX 10.1 BENEFITS OF DISABLED STAFF MEMBERS AND TECHNICIANS

Rehabilitation workers with disabilities of their own often have a deep understanding of the direct effect of
disability on a person’s life as well as its social, environmental, and emotional considerations. They see
the person and not just the “impairment.” Rather than looking at weaknesses, they encourage and build
on strengths.

In the same way, technicians who are disabled (brace, limb, and wheelchair makers, etc.) appear more
likely to make certain that assistive devices and therapeutic measures really fit the needs of the disabled
child user. Because of their own experience, they think of a whole range of factors and possibilities that a
nondisabled technician may be less likely to consider.

Finally, the success of the workers encourages the success of those they assist (Figure 10.12).
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PROJIMO  workers receive
hands-on training as apprentices. A
wide range of rehabilitation profes-
sionals visit, teach, and learn from
the program participants. These include physical
and occupational therapists, brace and limb mak-
ers, rehabilitation engineers, special educators,
wheelchair designers, etc.

The programmatic distinction between visiting
professionals teaching rather than merely provid-
ing services is important. Every consultation is a
learning opportunity for the village rehabilitation
workers, the family members, the child, and the
visiting professional. That way, when visiting pro-
fessionals leave, they leave a team with upgraded
skills, rather than creating dependency.

The PROJIMO team evaluates

Training

Figure 10.12 Ralf Hotchkiss (center), a
paraplegic wheelchair designer, helped start
PROJIMO’s wheelchair shop. He has since
helped disabled groups start shops in over 30
developing countries.

the needs of children and adults with a wide range of disabilities. They teach
Mission families about assistance, provide physical and occupational therapy, and
custom design a wide range of low-cost assistive devices such as orthopedic
appliances, prosthetics, special seating, and wheel chairs. Government

rehabilitation centers in cities also contract with PROJIMO to make prosthetics, orthotics,

and other assistive devices.

As the team members are also members of the local community, they are familiar with
the needs, personalities, and culture within the community. The team provides a wide
range of skills training and conducts community awareness events. These include child-
to-child activities to help children without disabilities accept and welcome the child with a
disability. Schoolchildren sometimes help make educational toys or assistive devices for
disabled children whom they befriend. Again, the programs are unique to the needs of that
community. Box 10.2. shows two books that describe PROJIMO.

BOX 10.2 THE BOOKS SHOWN IN THIS BOX DESCRIBE PROJIMO’S

PHILOSOPHY AND APPROACHES. AVAILABLE ONLINE AND IN SEVERAL

LANGUAGES AT WWW.HEALTHWRIGHTS.ORG
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CASE STUDY EXAMPLES

#1 MARIO’S STORY: PARTNERS IN PROBLEM SOLVING

BOX 10.3 PARTNERS IN PROBLEM SOLVING

Mario Carasco, a
former street boy
who became
paraplegic from a
bullet wound,
became a PROJIMO
carpenter (left).

He includes children
in the problem
solving process as
friends and equals

(right).

#2 MARCELO’S STORY: THE TOTAL PICTURE, FROM DISABILITY TO ABILITY

Marcelo’s story demonstrates the success of the intervention program on an individual on
a personal level. The story begins with his injury and follows with his selection as a health
worker, training with PROJIMO, and finally to his employment with PROJIMO. Through this
program, Marcelo became one of the local experts, treating others, and creating assistive
devices for them.

| first met Marcelo years ago when he was 4 years old, in a remote village. He was sit-
ting in the dust outside his family’s hut, unable to walk because polio had paralyzed his
legs as an infant (Figure 10.13).

Figure 10.13 Marcelo, at 4, sits next to his brother.
Marcelo had polio. Marcelo’s brother (standing in
photo) was injured when a tree fell on his leg.
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Figure 10.14 As a health worker at
14, Marcelo taught his fellow villagers
about dehydration and rehydration

using a “gourd baby””

The village health workers did what they could for

Marcelo. They helped him learn to walk with braces and
crutches. They arranged for him to go to primary school.
When he was 14, they trained him as a village health worker.
Marcelo returned to his village and served his community
(Figure 10.14).
In 1981, when PROJIMO was just beginning, the team
invited him to join the program and arranged for him to
apprentice in an orthotics (brace making) shop in Mexico
City. He further extended his learning from the visiting
professionals and in time became a first rate orthotist and
prosthetist (Figure 10.15).

Marcelo’s secret to finding working solutions is his car-
ing, humble approach. He relates to anyone, including
children, in a friendly and cooperative way, always ready
to listen and explore suggestions. Marcelo considers the
people he assists to be his partners in the problem-solving
Process.

Figure 10.15 Marcelo and
Conchita make limbs for a
girl who had both her legs
amputated.
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#3 BENO’S STORY: DEVELOPMENT OF A “LOW-TECH” ASSISTIVE DEVICE

Beno’s story demonstrates why solutions may fail when physical side effects are not taken
into account. It is important to observe children with disabilities in their own environments
and to reobserve over time. Solutions that work in a rehabilitation setting may not work in
home environments or may not continue to work successfully over time. In such situations,
“low” technology solutions may be more functional for the children and their circumstances

than “high” technology solutions.

Beno was born with spina bifida, a spinal defect
that partially paralyzes the lower body. When he was
4 years old, he visited a rehabilitation center in a large
city. There, a specialist prescribed a metal walker
for him (Figure 10.16). Beno would halfway sit in the
walker, while he pushed himself around. This walker
cost Beno’s family one-third of their yearly wages.
Unfortunately, the walker was counterproductive for his
physical condition.

Figure 10.16 Beno with his metal
walker.

As happens with many children who have spina bifida,
Beno was developing hip flexion contractures that kept him
from walking upright (Figure 10.17). One of his PROJIMO
workers, Mari, noted that the walker, instead of straighten-
ing his hip contractures, was making them worse. His thighs
were nearly at a right angle to his body! Spending prolonged
time in this position would strengthen the contractures, rather
than stretching them out to permit him to straighten his legs

Figure 10.17 Developing and stand.

contractures.

To help Beno begin to stand and walk, another of
Beno’s PROJIMO workers, Marcelo, developed a set of
parallel bars for him. The purpose of parallel bars is to
offer an area for a disabled person to walk in, develop-
ing lower body strength while they support themselves
with their arms (Figure 10.18). Marcelo adjusted the
parallel bars to straighten Beno'’s hips as he walked.
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Once Beno could stand more upright, Marcelo helped
Beno’s father make him a wooden walker (Figure 10.19). Over
a period of months, he began to stand straighter and his walk
improved.

Although the metal walker, provided as an assistive device,
was more sophisticated than the crude parallel bars and
handmade wooden walker, the rustic aids better met Beno’s
needs.

Figure 10.19 Beno in his
wooden walker.

#4 LINO’S STORY: CHILDREN WITH DISABILITIES DEVELOP ASSISTIVE DEVICES

This example demonstrates how having individuals with disabilities as workers can improve
the development of assistive devices, along with treatment outcomes.

Lino was born with spina bifida. He was fortunate because his family stretched his hips
regularly since he was a young child, thus helping him avoid contractures (Figure 10.20).
He had enough strength above his knees to bear most of the weight on his legs. This even-
tually enabled him to learn to walk.

Several local PROJIMO leaders have spinal cord injuries, which helped them under-
stand the needs and possibilities of children with spina bifida. When Lino was 3, PROJIMO
workers taught him to use a walker, hoping this would later enable him to graduate to
crutches.

Figure 10.20 One way to stand with spina bifida.
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Marcelo was one of the PROJIMO workers who helped
Lino (see first example for an introduction to Marcelo). Having
a disability himself, Marcelo understood how terrifying it can
be for a child with weak legs to give up a walker and start
using crutches. A walker provides stability, while crutches feel
unstable. Crutches wobble and children may take some nasty
falls as they learn to use them.

To spare Lino from such trauma, Marcelo designed a
walker that gradually converts into crutches. This consisted
of two forearm crutches, joined with cross struts held in place
with butterfly nuts. Its bolts were gradually loosened, making
the walker more wobbly. Over time, the cross struts and side
supports are removed one by one, until only the crutches are
left.

Lino's walker can gradually
be converted into crutches.

#5 DAVID AND RICK WERNER’S STORIES: PARTNERS IN PROBLEM SOLVING

These two examples demonstrate how results tend to be better when service providers
work together with disabled clients as equals to solve problems. While these examples are
of adults, the process improves outcomes with children also.

Third world programs run by disabled villagers are sometimes more effective than
those run by highly trained specialists. Several reasons for this are: they listen, work
with the individual who is disabled as a partner, and keep adapting the product until
it works.

DAVID’S STORY

| have a hereditary muscular atrophy called
Charcott Marie Tooth Syndrome. As a young
boy, nobody knew what | had. | began to develop
a strange waddling gait. Often | fell and twisted
my ankles. Other kids at school nicknamed me
‘Rickets” and teased me by waddling behind me
in a duck gait (Figure 10.21).

Figure 10.21 Duck gait of Charcott
Marie Tooth syndrome.
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When | was 10 years old, my parents took me to a
specialist. Finding my feet weak and floppy, he pre-
scribed arch supports (Figure 10.22). | hated the things!
It was harder to walk with them than without. By pushing
up the arch, they tilted my weak ankles outward. | fell
and sprained my ankles more than ever.

Figure 10.22 Arch supports.

My walking steadily worsened, so the doctor prescribed metal
braces (calipers) (Figure 10.23). These held my ankles firmly
but made me more awkward than ever. They were heavy and
uncomfortable, once causing deep, painful sores that took months to
heal. | stopped wearing them.

Figure 10.23 The
author as a child with
metal braces.

As the years went by, my feet became deformed (Figure
10.24). Decades later, while working at PROJIMO, Marcelo* sug-
gested that | might walk better with plastic leg braces.

“Leg braces!” | exclaimed, “I know they help some kids walk
better, but they made me walk worse!”

“‘Maybe the braces you had as a child didn’'t work because
you weren't included in developing them,” said Marcelo. “What
do you say if you and | design your braces together? We can
keep experimenting until we create something that works. And if
they don’t work, at least we’ll have the adventure of trying.”

Figure 10.24 My left
foot.

* Marcelo is PROJIMO’s brace and limb maker. See Case Study #1.
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Figure 10.25 and Figure 10.26 Developing ankle-foot orthoses as a team.
Four hands are better than two when making the cast (Figure 10.25).

So we worked together making plastic ankle-foot orthoses (AFOs), by trial and error,
learning from our mistakes (Figure 10.25 and Figure 10.26). Because of my lateral defor-
mity and contracted foot drop, it was challenging to develop a functional support that was
also comfortable.

Through trial and error, we succeeded. We found that rigid braces with no ankle flexibility
provided the least painful and firmest support. However, the rigidity caused an awkward,
choppy gait, and tended to push my ankles backward at the end of each step (Figure 10.27).

We experimented with footwear until we came up with rocker bottom shoes with inward-
sloping soles. | now walk better than | did 30 years ago; | can even climb mountains
(Figures 10.28 and Figure 10.29b).

Figure 10.28 A
provisional wooden wedge

Figure 10.27 The final was used to experiment
product, a functional with a rocker-bottom sole
ankle-foot orthosis! In an for a smoother gait.

early trial, the rigid braces
caused an awkward,

choppy gait.
Figure 10.29b
David Werner climbs
. a mountain with
F.1gure 10.29a Efrain Zamora.
Finally, the most

comfortable rocker-
bottom design was
fixed into the sole.
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RICK’S STORY

My brother Rick had this same hereditary muscular atrophy. One night, while crossing
the street on his crutches, a car ran over him. One leg had many fractures. The other was
amputated. A prosthetist had an expensive artificial leg made for him. A year later, his
prosthesis still did not function.*

PROJIMO, the community rehabilitation program in rural Mexico, agreed to help. On
his arrival, they fitted him with a new prosthesis. This prosthesis needed a series of adjust-
ments (as did his prior device). But this time Marcelo was readily available as needed.

Rick was soon walking on his new prosthesis: first on parallel bars, then on crutches
(Figure 10.30a, Figure 10.30b and Figure 10.31). The team made a set of steps for him
to practice climbing on.

Figure 10.30a Figure 10.30b Figure 10.31
Rick begins walking, first in between parallel bars, then with crutches, and then on stairs.

In keeping with the PROJIMO philosophy of improving self-determination of the dis-
abled individual, they involved Rick in the community, by encouraging him to teach English
to village schoolchildren. Thus, he partnered in his own rehabilitation and the well-being of
the entire community (Figure 10.32).

Figure 10.32 Rick teaching English
to village children.

* Medicare paid the costs for this prosthetist, who made him an expensive artificial leg. A year later, his prosthesis still did not function. Because of all the red
tape, adjustments on the leg that should have been completed in a couple of days were delayed for weeks and sometimes months. As a result, more than a year
passed and Rick still did not have a functional prosthesis.
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#6 CARLOS’ STORY: FROM HELPLESS TO HELPER

This story demonstrates how community-based programs promote flexible,
innovative, and holistic approaches that are often difficult to achieve in
large rehabilitation institutions.

In small, community-based programs where disabled persons and
mostly disabled staff live together and relate as friends, problem solving
often becomes a creative adventure. Breakthroughs come in unexpected
ways, because doors are left open and the world is exciting. Even the

child with multiple disabilities can become a source of encouragement and assistance for
another child.

Carlos is the son of poor migrant farm workers in Oaxaca, Mexico. When he was 10 years
old, he was hit by a truck. Brain damage left him physically disabled, mentally impaired,
and almost blind. His family abandoned him. Social workers took him to PROJIMO, which
became his new home.

A wheelchair was built and adapted to Carlos’ needs

because his muscles were spastic and he could not walk.
At first, Carlos had trouble pushing it himself. The shop
workers experimented with a design where the big wheels
are in front (Figure 10.33), so he could push it more eas-
ily, given his spasticity.

Carlos discovered how to navigate his wheelchair by
using one foot like a blind man’s cane, to feel his way
along the pathways and ramps (Figure 10.34).

At first, when the team encouraged Carlos to try to
stand, he would not cooperate. However, Carlos had
made friends with Teresa, a girl with multiple sclerosis.

Figure 10.33 Wheelchair with
large wheels in front.

One day when a PROJIMO worker and a schoolgirl
were helping Teresa stand with the parallel bars, Carlos
suddenly said, “Me want to stand, too” (Figure 10.35 and
Figure 10.36). Soon Carlos was standing and learning to
walk between the bars (Figure 10.37 and Figure 10.38).

Figure 10.34 Carlos learns to
propel himself. Figure 10.35 Carlos wants to stand.
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Figure 10.36 Carlos wants to stand. Figure 10.37 Carlos stands!

Next, the shop workers fitted Carlos with
a metal walker.

First, they experimentedtofind the height
and position to help him stand straight with
the greatest stability (Figure 10.39).

Carlos loved his walker and was con-
stantly using it. But he would soon tire and
because he was virtually blind, he could not
find his wheelchair when he wanted to sit.

Figure 10.38 Figure 10.39
Walking in parallel bars. Carlos and his metal walker.

Then, the team made a simple wooden walker with a seat, so Carlos could sit when he
got tired (Figure 10.40 and Figure 10.41). Carlos learned to transfer from his walker to his
wheelchair and back again (Figure 10.42).

Figure 10.40 and Figure 10.41 Carlos and his wooden walker with
a seat.
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Figure 10.42 Carlos transfers from

his walker to his wheelchair.

Figure 10.43 Carlos took great
pride in sanding his toilet seat.

Figure 10.44 Standing
momentarily to lower his pants
helped him to improve his balance.
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Carlos was not toilet trained and no effort to train
him succeeded. So, the team tried a new approach.
Carlos loved to “work” in the carpentry and toy making
shops. He would patiently sand a wooden puzzle or
block until it was smooth. So they invited Carlos to
help make his own portable toilet (Figure 10.43).

Then he wanted to use it. Soon Carlos was looking
for every opportunity to use his toilet and would even get
up at night to use it (Figure 10.44 and Figure 10.45).

Carlos constantly wanted to use the toilet he had
helped to make, but again, he often had difficulty
finding it in time. So Martin, a schoolboy with asthma,
made him a new walker with a built-in toilet (Figure
10.46 through Figure 10.48).

Figure 10.45 Carlos even got up at night
to use his toilet.
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Figure 10.46 Martin builds a Figure 10.47 and Figure 10.48 The cover over

walker with a built-in toilet seat. the pot doubles as a seat.

To keep the seat dry, the whole toilet swings up out of the way when necessary (Figure
10.49). In this way, Carlos can urinate on the ground (not on the seat) or turn and sit on the pot
(Figure 10.50). Carlos thrived on the praise he got for using his toilet correctly. Figure 10.51

shows Carlos using his walker.

Figure 10.49 The seat swings up.  Figure 10.50 Carlos demonstrates use of the pot.

One of the major breakthroughs in the rehabilitation of a
disabled person or in the psychosocial growth of any child
(or adult) is when the disabled child begins to look beyond
satisfying his or her personal needs and finds deeper satis-
faction in helping others.

This breakthrough is especially rewarding when it
happens with a child who is mentally disabled or has multiple
disabilities. Such breakthroughs cannot be planned.
Rather, rehabilitation workers need to be perceptive when
a seminal situation presents itself, and build on its liberating
features.

One day, while playing, Carlos began pushing Teresa’s
wheelchair. Seeing potential in this act of mischievous
independence, workers Rosa and Inéz encouraged Carlos
to continue (Figure 10.52).

Figure 10.51 Carlos using the
walker.
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When her chair nearly ran into a tree, Teresa
(who usually is stubbornly silent) cried out to Carlos
to turn to one side. Laughing gleefully, Carlos fol-
lowed her instructions.

In this way, Teresa and Carlos discovered that
combining their different skills enabled them to get
around better than either could alone. Teresa could
not push her own chair, but she could see where
she was going. Carlos could not see, but he could
push Teresa around, and her wheelchair provided
the stability of a walker (Figure 10.53).

So together, they had both mobility and vision,
and could go where they chose. They discovered
this possibility through friendship and play. By help-
ing Teresa push, Carlos’ balance and self-confidence
improved until at last he could stand and take small
steps by himself (Figure 10.54).

Carlos discovered the benefits of mutual self-
help, where people’s different abilities complement
one another in ways that compensate for each other’s
contrastingimpairments. Afterlearningthatheand Teresa
could get around better by combining their respective
abilities, Carlos began to assist others similarly.

Here he pushes the wheelchair of Rosita, a multiply
disabled girl (Figure 10.55).

Carlos and Alonzo provide a third example of chil-
dren helping others.

Alonzo was born with hypothyroidism (cretinism)

Figure 10.52 Carlos pushes Teresa.

Figure 10.53 Together they help each
other.

because of lack of sufficient iodine in his mother’s diet. He is developmentally delayed and
was unable to walk when his mother took him to PROJIMO. He spoke little and frowned a lot.
When his mother tried to make him stand up, he would sink to his knees. He stubbornly

refused to try the parallel bars.

Figure 10.54 Carlos takes a few steps.
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Figure 10.55 Carlos pushes Rosita.
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Inéz, who helps with physical therapy, asked Carlos to
show Alonzo how he walked in the bars. Carlos cheerfully
walked back and forth, calling out to Alonzo, “Look at me!”
(Figure 10.56).
Perhaps Carlos’ awkwardness and bent-kneed, spastic
gait gave Alonzo courage. With his mother’s help, he stood
at the bars (Figure 10.57).
Carlos reached out and guided Alonzo’s hands.
With his mother stabilizing him from behind, Alonzo
began to take steps. Walking backward between the bars
(a good unplanned exercise for Carlos as well) Carlos  Figure 10.56 Carlos shouts, “Look
gradually led Alonzo forward (Figure 10.58). at me!”
To improve Alonzo’s balance, Inéz suggested that his
mother encourage him to walk holding a rope stretched between two trees. As with the
parallel bars, again Alonzo was afraid to try and refused.

Figure 10.57 Alonzo’s Figure 10.58 Carlos and
mother helps him stand. Alonzo’s mother help him walk.

Once again, Carlos came to the rescue. Carlos walked back and forth holding the rope
while Alonzo sat watching (Figure 10.59).

Now, Alonzo was willing to try. At first he hung fearfully to the rope without moving. But
Carlos coaxed him into a “follow the leader” game, back and forth along the rope. In the
end they both had a good time (Figure 10.60).

Figure 10.59 and Figure 10.60 Carlos and Alonzo walking along a rope.
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Carlos became a good role model for Alonzo, who
worshiped his new, equally awkward therapy assistant.
Watching Carlos walk with his walker, Alonzo wanted to
try a walker, too. Inéz chose a suitable wooden walker
that Alonzo eagerly tried.

But problems arose.
Alonzo’s feet didn't keep
up with his body while
he pushed his walker.
He tilted forward until
he fell (Figure 10.61).
Alonzo grew discour-
aged and frightened.
Meanwhile, Carlos paraded back and forth in his own
walker-with-a-seat.
Figure 10.62 Alonzol feet have Alonzo, scowling, poinlted to Carlos’ Walker—.with—a—seat.
to keep up! Clearly, he wanted to try it. To everyone’s delight, Alonzo
was able to use it to walk without falling forward.
As with the first walker, he would begin to lean for-
ward precariously. But before he fell, his legs bumped into
the seat behind him, acting like a brake (Figure 10.62).

With new confidence Alonzo barreled around the
playground. He was so excited he paid no attention to
his new bruises from repeated bumps against the seat
edge.

Based on Alonzo’s discovery, Polo (another worker)
built a walker for Alonzo with a padded “backstop” that
functioned like the seat on Carlos’ walker.

The backstop worked fairly well on the first trial, but
Alonzo still tilted forward (Figure 10.63). So Polo adjusted

Figure 10.63 Alonzo walks, but leans the backstop farther forward (Figure 10.64). This time
forward. Alonzo walked more upright (Figure 10.65).

Figure 10.61 Alonzo tilted forward.

Figure 10.64 Polo adjusts the walker. Figure 10.65 Alonzo walks more upright.

384



A lot with a little: accommodating disabled children in developing countries

COMMUNITIES AS PARTNERS

Not only do the disabled village workers view their clients as their partners, they also
consider all of the individuals within the community as their partners. For example, when
they considered starting a community-based program for disabled children, they invited

the whole village to a meeting.

Nearly everyone was enthusiastic. Men agreed to help turn an overgrown lot at the
end of town into a community center. Mothers offered to open their homes to families with

disabled children from neighboring settlements.

Schoolchildren offered to help build a rehabilitation
playground—provided they could play there, too. This
was a particularly good idea because it meant shared
play between disabled and nondisabled children (Figure
10.66 and Figure 10.67).

Although no one in the village was aware of the concept
of “universal design,” i.e., designs that can be used by
both able-bodied and disabled individuals, in effect, that
is what they created in their Playground for All Children.

In many rehabilitation programs and on most play-
grounds, a boy like the one pictured below (on the ramp)
would be separated from his playmates so that a thera-

Figure 10.66 To build the playground
the children bring poles from the forests
and old tires from the trash.

pist could work with him to stretch his tight heel cords—a sort of therapeutic torture! Here
the team encourages the boy to play with other children in a way that provides equivalent
stretching (Figure 10.68). This makes therapy functional and fun.

Figure 10.67 Some of the schoolchildren Figure 10.68 A boy with spastic cerebral
build a ramp while others clean the grounds. palsy stretches his tight heel-cords playing on
the ramp made by the children.
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Figure 10.69 PROJIMO’s “Playground for All
Children” was built using low-cost materials such as
trees and old tires.

Old tires are especially helpful in
creating playgrounds and playground
equipment as seen in both the photo-
graph of the finished playground and in
the drawings (Figure 10.69 and Figure
10.70).

One advantage of community-based
programs (and treating the community
as a potential partner) is that it provides
a flexible, innovative, and inclusively
holistic approach. This is often difficult
to achieve in large, formal rehabilitation
institutions.

Figure 10.70 Old tires serve as swings, seats, tunnels,
levers, and things to climb!

CHILD-TO-CHILD: A NEW TYPE OF PROGRAM

“Child-to-Child” is an educational approach where school-age children collaborate to
help disabled children, particularly children who are younger or have special needs. It
was launched during the International Year of the Child and is now used in more than 60
countries.

Many community-based reha