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‘FOREWORD

“0ver the past twenty years, accident data have consistently revealed that
the young preschool child is overrepresented in traffic accidents. Some 16%
of all.pedestrian accidents in the United States involve children under six
.yéAfQ'of age (Reiss, 1978), even though this age group composes but 8% of the
popu"lal‘ion‘i The extent of this problem is underscored by the fact that
traffic accldents are the leadlng cause of death to the child under six
(Amerlcan Automobile Assoclatlon n.d.).

rhé ;léuatlon.lhat exists in the United States has been echoed wor ldwide.
The Scandinavian countries have spent the last two decades trying to combat
the:problem,n Noruay, Sweden,zoehmark. Finland, and Iceland have all developed
ongoing campaigns to try to reduce the risks to the young child in traffic.
Great Britain, both through its Tufty Club and through efforts ;ponsored by
theQTfansportatlon and Road Research Laboratory (TRRL), has llkewlse.strlved
to lower accident rates involving this target group of youngsters. West
Germany, Austria, Canada, and Japan, among others, have also in recent years
developed materlals expressly aimed at reduclng the number of traffic
accldents 1nvolv1ng preschool chlldren

Currehtly, the Uhlted States, ondef the auspices of the National Highway -
Traffic Safety Admlnistratlon (NHTSA) of the Department of Transportation
(DOT), s in the process of developing safety program materials aimed at
reducing the dangers to the young child in traffic. Known as the Walking in
Traffic Safely (WITS) Progfam‘for Preschoolers, this program is empirically
rooted accident data analysls and child development theory. As the flrst‘step



in'the'program. therefore, it was deemed»necessary:to-examine‘the extant
Titerature for guidance and direction. 'Spec1f1ca11y,'it was decided to

‘research these key issues:

(1)

(2)

(3)

(5)

- ®

.r‘jj

+(8)

4'rep11cated by the WITS program’

Who 1svmost.11ke]y to be involved in a pneschoo] pedestrian
accident? Are there particular differences that distinguish those

- who are typicatly involved in pedestrian accidents from those who are
~.not involved in accidents7 1

-Where do most preschool pedestrian traff1c -accidents occur? Is_there

any discernible pattern to these acctdents?

Do. any particular predisposingﬂfactorsvplace a young child at risk?

‘Is there any relationship between a child's behavior and his/her
. 11kel1hood of being 1nvblVed in an acc‘lde‘nt.7

(4) o
©,-occur? . Are there specific times of . day,\days of the week, or seasons

When do most pedestrian traffic acc1dents 1nvolv1ng preschoolers
of the year uhtch appear to be the most dangerous for youngsters? °
What are the developmental capabilittes uh1ch impact on a
preschooler's ability to cope effectively in traffic? How do
developmental Timitations place the young child at risk?

What are the social/emotional needs of young,chtldren»that might

“impact on their ability to handle traffio environments?

What traffic safety education programs désigned for preschoolers
currently exist in the U.S.? What features of these programs should
be ‘incorporated. 1nto the WITS program? }

What traffic safety education programs designed for preschoo]ers

currently exist abroad? What features of these programs should be

-

HThese‘research~qdest10ns form the conceptual tramework for this report.
.Questﬁons't through 4 are addressed in Chapter 1,twh1ch>presents,a proftle of
the child pedestrian accident victim. Chapter 2 answers questton 5. ‘In that
chapter, a critical analys\s of available child development literature is

presented Question 6 1s the focus of Chapter 3., Chapter 4 addresses

question 7 In the latter half of the Chapter 4, a program;by-program

analysis of al] re]evant domestic programs is presented In Chapter 5,
.quest1on 8 1s explored As in Chapter 4, the conclus1on of this chapter is a
program—by—program anatysis of.existing fore\gn programs.

1



In cdmp111ng the information documented in this report, the procedures
summarjzed below were followed. These procedures are listed in the
chronological order in which they were implemented.

1. Appropriate resources at the NHTSA library, The Library of Congress,
The National Institute of Education Library, and the National Library
of Medicine were identified and reviewed.

2. A computerized literature search of the ERIC, MEDLARS, Dissertation
Abstracts, and Psychological Abstracts data bases was run.
Identified resources were obtained and reviewed.

3. Foreign traffic safety experts were identified in consultation with
the NHTSA and our panel of experts. Addresses for these individuals
were obtained through a review of the literature and the assistance
of the embassies of Finland, Norway, Sweden, Denmark, the
Netherlands, West Germany, Great Britain, Japan, and Austria.
Letters were sent to all identified experts requesting any availabtle
materials. Without exception, each of these individuals complied
with our request. These documents were, in turn, reviewed by staff.
A 1listing of the names and addresses of those experts who so kindly
supplied us with these foreign publications is included as Appendix C
to this document.

4. The Governor's Highway Safety Representatives in each state and U.S.
territory were contacted by telephone or letter. As with the foreign
contacts, requests were made to these individuals for appropriate
materials. In response to our request, the representatives not only
provided us with materials, but in many cases, suggested additional
persons to contact in our search. A1l such contacts were made, and
additional materials and research reports were obtained for review.

5. A number of private organizations in the U.S. were broached in regard
to the traffic safety programs they sponsor and/or have developed.
These organizations included The American Automobile Association, The
Automotive Safety Foundation, Film Loops, Inc., Highway Users
federation for Safety and Mobility, National Education Association,
National Safety Council, Nationai Safety Town Center, and the Sears
Roebuck fFoundation. Many of these organizations graciously provided
us with complimentary copies of their materials for review.

6. A computerized literature search of preschool and elementary school
pedestrian programs was run for us by the Highway Safety Research
Institute of Ann Arbor, Michigan. Selected materials from this
listing were purchased from the Institute's library for review.

1. Overseas organizations that developed/produced/distributed traffic
safety materials for use in foreign countries were identified for us
by foreign experts (as part of procedure 3). With the assistance of
the embassies of the countries involved, these organizations were



contacted with letters of request for materials. Without exception,
these organization provided us with complimentary copies of their
materials. In many instances, the materials included records, films,
and games in addition to printed matter. In order to review these

- materials, the services of six trans]ators were obtained.
Unfortunately, fiscal constraints prohibited the translation of alil
received material into English. Only those materials which (a) had

- been singled out in the literature as exemplary and (b) did not
entail extensive translation fees were able to be translated. All
translated materials were reviewed by staff. :

The sum product of the seven steps outl1ned above is this document. By
answer1ng our research questions, the information anaiyzed'in th1s report has
served as a b]ueprint for the development of NHTSA s WITS program for
preschoolers

In reading this document, the reader is advised that materials reviewed in
this report include only those available as of August 1980. Pertinent
mater1a]s pub]tshed subsequent to this time are not referenced, as this report
represented a preliminary working document. The Literature Review fis
presented intact in the form in which it was origﬁna]ly completed; the only
changes to thts_report have been to update publication information for those
matertals which were "in press" during the time that the materials were
originally reviewed but have subsequently been :published.

In addition, in reviewing the domestic and foneign programs highlighted in
Chapters 4 and 5 the reader is encouraged to consult an evaluation tool
recently developed under contract to the NHTSA, the Program Assessment K1t for
Pedestrian.and Bicyclist Safety Education Programs Through use of this
instrument, the reader can determine the safety re]evance (1.e. the extent to
which a. program contains information consistent u1th the findings of
NHTSA- sponsored research), instructional appropriateness, and. suitability of
. the program materfals examined in Chapters 4 and 5

4 Aslimplied, it is our intention that the matehial presented in this report
‘be useful in contexts that transcend our one project. The effort that went
into the preparation of this document will have been well spent if planners,
educators, and parents alike can use this 1nformat10n to promote the
well-belng of ‘all young children in traffic. |
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1

PROFILE OF THE CHILD ACCIDENT VICTIM

In attempting to develop The WITS materials, an important first step was
the identification of the preschool pedestrian accident victim. By
Ydentifying the attributes of potential victims, the times and places when
they are most heavily at risk, and the social and demographic characteristics
which seem to influence their behavior in traffic, countermeasures could be
developed that were aimed at reducing Lhe risks Lo lLhese youngsters. With
this goal in mind, Lhis section of the Literature Review presents a general
profiie of the potential preschool accident victim.

I. WHO IS LIKELY TO BE A POTENTIAL VICTIM?

I.A. Sex: A Survey of the Literature

In describing the potential victim of a traffic accident, one fact stands
out in all of cross-cultural research: more boys than girls are tovolive! in
traffic accidents. Without exception, a country-by-country analysis of
accident reports upholds this finding. In the United States, three major
studies sponsored by the DOT have reported that preschool boys are more
frequently tnvolved in traffic accidents than are preschool girls. First of
all, tn the sludy of Pedestrian Safety: The Identification of Precipitating

factors_and Countermeasures, known hereafter as the ORI study,l/ (Snyder &
Knobtauch, 1971) it was found that 71.2% of ail traffic accident victims aged

Yiontact No. FH-11 7312



under“four were male. In fact, the preschool age category showed the largest
proportton of males involved in accidents for all of the age grouptngs
recorded by this 1969-1970 study of 13 U.S. c1t1es

' In:a second study sponsored'by NHTSA-FHRA duntng,1972-l974. the Studx of
Urban Pedestrian Accident Countérmeasures £xper1mental EValuatton,]/
descriptive data on 2,044 pedestrian accidents 1n the urban areas of six major
ctttes were collected and analyzed. .This study.‘spectfted hereafter as the
Urban study, confirmed the ORI ftndtng 68% of all pedestrian accident
vtctims in the under four age range were male (Knoblauch, 1975).

Other more recent governmental studies have aﬁso underscored the
predom1nance of boys in trafftc accidents. The NHTSA-sponsored study,
Causative Factors and Countermeasures for Rural and Suburban Pedestrian
Accidents, g/ in exam1n1ng some 1,531 pedestrian acctdents in rural sites
u1th1n 51x states from 1973-1976, found an even hagher percentage of males in
the accident statistics (Knoblauch, 1977). Accordtng to this study, which is
refefred to here as RUPED 74% of the accident v1ct1ms under four were male.
Another 1977 study of some 4 386 pedestrian and b1cycltst injuries in 32
jur1sd1ct1ons l1kew1se found that 62% of accident\v1ct1ms were male (No]fe,

1979). » |

State and Tocal analyses of traffic acctdents?have echoed these national
findings. . In Detroit, for example, it was foUnd‘tn a 1963 analysis, that
twice as many boys as girls were involved in trafttc accidents (Logan, 1963).
The American Automobile Association (1965) summar%zes the situation in this
manner : 'Regardless‘of age, boys are. involved 1n}$even out of every ten child
accidents” (p. 5). r |

- | t
: Aécident data in other countries present a stn1lar,p1cture. Ltndens]o,
Mattson, and Sandels (1971), writing in -the Skandta Report, describe an

ana]ysis of 1,906 Swedish traffic accidents 1nvol?1ng children ten and under

‘/Contact No. DOT-HS- 190-2-480
2/Contact No. DOT-HS-355-3-718



during the years 1968-69. In that study, conducted jJointly by the Skandia
Insurance Company and the Institute for Child Development Research, it was
noted that, "During the years in question, 1968-69, approximately twice as
many boys as girls were involved in traffic accidents® (p. 9). In terms of
pedestrian accidents only, there were 435 female accident victims as compared
to 769 male accident victims. In an earlier study reported in Sweden,
Magnusson (1966) reviewed all articles on traffic accidents that occurred to
children under age 15 that were reported in the Index Medicus. Magnusson
found that "There is a strong domination for boys in the statistics of traffic

accidents to children. The difference between boys and girls is hardly
recognizable during infancy, but increases continually with age. A summary of
sex differences from a couple of reports gives the following result: Of
traffic-injured children at the age of one to four years, 62% are boys and 38%
are girls ..." (p. 257).

In Japan, it is also reported that, "At any age, more victims are found
among boys than girls ... four out of ten boys sustain injuries by accident
while only two out of ten for girls." (Okamoto, 1978, p. 122).

A study in Montreal, Canada, in 1959-1960, produced similar results
(McDougall, 1960). The author of the study concluded that boys were more
often killed than girils were when they were pedestrians but not when they were
passengers in a car. Another study conducted in Vancouver (Read, Bradley,
Morison, Lewall, & Clarke, 1963) of 713 traffic accidents involving children
aged one to fourteen, found that girls as compared to boys were injured in a
1:7 ratio. The authors concluded that, "In the first 7-8 years of 1ife, more
boys than girls are hit by motor vehicles" (p. 10).

In New South Wales, it has been reported that twice as many boys are
involved in pedestrian accidents as girls (Avery, 1974). In Great Britain,
Grayson's (197%a) year-long study of 411 youngsters injured in traffic
accidents in Hampshire also revealed this same 2:1 ratio. Grayson writes,
"Nearly twice as many boys as girls were involved in an accident while out
playing ...* (p. 2). Preston (1972) likewise confirms that trend in England.
In analyzing accident data concerning 980 children injured in Manchester and
Salford in 1969, she writes, "At all ages from 2-11 years there are more boys
than girls injured" (p. 32).



;A:ftnal summary of this topic was presented by Jarvis (1978) at a Joint
Australian Road Research Board (ARRB)/Australtan Department of Traosportation
(DOT) Pedestrian Conference: "Overall and for most individual age groups; the
male fatality rate is double the female rate. For injuries, the male rate is
approximately 1-1/8 to 1-3/4 the female rate® (p.éﬁ).

I.A.1. _Sex: Possible Explanations Why More Boys Than Girls Are Injured in
Pedestr1an Traffic Accidents '

!
1
1

That more boys than girls are both injured ané killed in traffic accidents
is a documented fact. In no country surveyed in the literature did the ratito
of boys to girls even approach its occurrence in the population base rate.

Two theories have been espoused as possible explanattons as to the reported
difference. One theory 1s related to exposure to trafftc dangers, the other
to behavior in trafftc '

i
ExgosUre {

The “exposure" explanation for the overrepreséntation of boys in the
preschool accident data attributes this fact to tﬁe belief that boys spend
more time as pedestrians than girls and are, conséduently, more exposed to
danger. Sandels, writing in 1974, comments on the fact that in Sweden there
is an’exposure differential: “Parents are more 11kely to allow young male

children to play near traffic than young females® (p. 15).
|

_ | _
Other European. studies have tended to confirm this play differential. In

a study conducted for the British Transportation ind Road Research Laboratory
(TRRL) in 1972, Sadler interviewed 2,017 mothers of two to eight year old
children to find out information on these'three 1ﬂems: (1) the exposure risk
to the child; (2) the amount of training the chtldihas been given in road
safety; and, (3) background information on the chtﬁd's family. To gather
information on the child's risk in traffic, Sad]er%asked mothers where their
children played. She found that "At all ages,,g1rﬂs are less likely than boys
to pldy in the street® (p. 15). R



While some researchers have taken this concluston as evidence of a 1ink
between exposure and accident involvement, other researchers refute this
claim. Routledge, Repetto-Wright, and Howarth (1974) vigorously deny that any
such relationship can be drawn using Sadler's data. They write:

The measure of exposure in relation to the accident statistics
provides an estimate of the risk involved in allowing a child of
a given age and sex out of the house, and nothing else. It is
not possible to state that one group of children behaves more
dangerously than another, since any relationship found between
being in the street and number of accidents could arise for
several reasons (p. 460).

In an attempt to bridge the gap between exposure per se and 1ts
relationship to accidents, Routledge et al. conducted a study in 1970-1971 of
288 five to eleven-year-old school children in Nottingham City. Using a
framework in which measures of exposure were defined and related to the
accident categories of pedestrians in different traffic situations, the
authors found no sex differences in exposure below age eight. The authors
conc tuded:

The results of ...studies of children's exposure ...show littie
evidence of a difference in the exposure of boys and girls,
particularly in the younger children, where the difference in
accident rates is so marked. They do show a pronounced and
statistically highly significant increase in exposure with age
for both sexes, whereas the accident rates, especially for boys,
are declining steeply over the age range studies (pp. 478-479).

The results of the exposure studies as surveyed above do not support a
relationship between exposure and being involved in traffic accidents.
Although there is some indication, especially in European studies, that
preschool boys are aliowed to play in the roadway more often than girils and
thus may be more exposed to danger, it does not seem that this exposure can be
tied to accident data. The one study which attempted to examine this
relationship (Routledge et al., 1974) found no evidence of this occurrence.
Although the empirical data .on this subject are 1imited, exposure, in and of
itself, does not seem to be able to account for the overrepresentation of
males in the preschool accident data.



Behavior

While eXposure in and of itself does ndt appear to be directly linked with
accident causation, there does appear to be some evidence that behavioral
d1fférence$'between.the sexes can be tied to accident involvement Routledge et
al. (1974) reason, "we could conclude that the reasons for the differences tn
the acc\dént rates between ...groups are not to bélfound in the childreén's
exposure to traffic but must be looked'for in their'behavibr when crossing
roads;"(p. 479). Cross-cultural‘research has cods1stently shown that the -
“typical® preschool boy may be more susceptible to accidents because of his
behavior than his female playmates. In a previousﬁy referenced study, Read,
et al., (1963) concluded that "the aggressive behavior of young boys makes
them likeiy accident victims." While the authors ﬁo-not define "aggressive,"
they juxtapose the boys behavior with the “caut1odg“ behavior of their female
- agemates. | | '

Sandels (1975) likewise points to the fact thai in many Swedish studies
conducted prior to the implementation of Sweden's thildfen's'Traffic Club boys
consistently took more risks in traffic than did g%r]s. A study conducted by
Sandels 1in May of 1961 in two districts of Stockhojm with 85 children aged
four to seven, led the author to conclude that “Boys were poorer pedestrians
thanfgir]s, both when the children were on their b&n or together with peers"

|

{p. 55). ‘ | _ o

|
| _

In Britain, Routledge et al. (1974) observed éhildren's "risk" behaviors
in traffic settings. Risk was assessed by the autﬁors by relating exposure
measures to accidént statistics. The results of tﬁis study showed that after
allowance had been made for exposure, the younger boys-be]ow age 8 were taking
approkimately twice as much risk in crossing the rdad as girls of the same
age" (p. 467). S

InAa Japanese study of nurseries in Takamatsu dity, Tanaka (1965)
attributed the sex differential to the fact that bdys are more active than

4
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gir1s.’ In New South Wales, Avery (1974) likewise notes that Australian
boys are encouraged to exhibit many of the behaviors which are associated with
risk-taking in traffic. Research by Husband (1973) confirms this pattern of
aggressive, risk-taking behavior -in young boys.

It should be noted, though, that in two studies surveyed in the
1iterature, sex differences in children's behavior in traffic were not
reported. In a speech given in 1966 at the Second Congress of the

~International Association for Accident and Traffic Medicine, Sandels reported
these results from a survey of preschool children's activities performed in
Sweden from 1958-1964:

Starting with an investigation in a couple of suburbs of
Stockholm we found that from the age of 2 and through the
preschool years (compulsary school age in Sweden is 7)
successively more children were found in all type of open-air
places-with reference to traffic, dangerous as well as secure.
from age 3 on, the amount of children in dangerous places
increased, and among the 5-and-6 year olds we found nearly as
many children in dangerous places as safe ones ...There were
almost as many girls as boys in the dangerous places (p. 230).

A second more recent paper by Russam (1977) reports on Grayson's (1975b)
study of pedestrian crossing behavior in Reading, Windsor, Blackwell, and
Camberley. In reviewing this study, Russam writes:

When the road crossings of the children were analyzed in detail,
sex differences in behavior were only infrequently found at some
of the sites ... The lack of detected behavioral differences was
again contrary to what might have been expected from the data.

In examining the above two reports, care should be taken not to generalize
these finding beyond the context in which they were made. As already noted,
in more recent studies, Sandels has documented sex differences among the

V/¥anaka goes on, however, to further attribute the differential to the fact
that "girls apparently understand traffic rules better than boys,"
{p. 123). HWhile this conclusion may be due to cultural differences in
instructional techniques, it is not one which s substantiated by the
literature. The next chapter of this report will address this issue more
fully.



behavior of preschoolers in traffic. In Chlldrentin Traffic (1975), for
example, she writes, "The comparison between the behavior'of girls and boys
when they were out alone or together with peers showed very considerable |
differences ..." (p. 53).

Likewise, in examinlng Russam's comments, it should be noted that while
his observations are reflective of Grayson's conclusions, there were |
nonetheless some sex differences observed among the younger children (1.e.,
those five to eight years old). To this point Grayson (1975) writes, "At both
the primay school sites boys were more likely to ﬁun across the road than were
girls,; but there‘uere not sex differences in the older age groups'_(p. 1).
Morever, in a second study of child pedestrian behaviors which included
younger preschoolers in the-sample, Grayson (lSlSi) detected significant
differences in the traffic behavlor of boys and glrls ‘He writes, " The
results support the traditional belief that boys are more Tikely to run across
the road than girls, but this dlfference was only found with the two younger
age groups (i.e., those aged 0-4 and 5-9 years)" (p. 8).

Consequently, it would seem that the'preponderance of evidence in the
European studies supports the premise -that young boys exhibit rlskier behavlor
in traffic than do girls '

1
}
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~ In the U.S5., studies have substantiated this assumption. The
DOT-sponsored study of Pedestrian Safety: - The Identification of. Prec1p1tat1ng
Factors and Countermeasures (Snyder & Knoblauch, l?ll) found that male-
preschoolers were more easily distracted in traffic situations than were
female preschoolers. .NHTSA's study of Safetyﬁﬂessages for -Public Education
Programs (Blomberg & Preusser, 1975) confirms thls pattern: “...The play
patterns of young males and females differ, with males more llkely to engage
in sports which could lead to distraction from proper pedestrian behaviors”

(p. 26).

_}
Another NHTSA research study (Thackray & Dueker, l983) observed 2, 213

children aged one to eleven in a variety of street- side and in-the-street
sltuattons in five cities. The results of this study revealed that males were
1nvolved in over two-thirds of the behaviors deslgnated as “hlgh risk." High



risk behaviors included those play related activities such as throwing or
catching a ball that involved street entry without prior looking for oncoming
cars.

In sum, U.S. research confirms the existence of the same sex differences
in the behavior of young children in traffic that has been reported in
European research. More than exposure, it appears that the overrepresentation
of preschool boys in traffic accidents can be attributed to their roadside
behavior.

I.8B Personality: Factors Which Increase Children's Probability of
Involvement in Traffic Accidents

In trying to determine why it is that proportionally so many boys are
injured in traffic, many researchers have tried to establish whether
personality factors may predispose the male child to danger. Several
international authors have explored this subject.

In their study of traffic accidents in Vancouver, Read et al. {1963) found
that the accident victims were predominantly described as "impetuous" and
*venturesome." The authors write:

The accident child was more frequently described by the parents
as "daring* and “defiant.® Although we have not attempted to
match these personality factors with the age of the child, these
traits could be used to characterize many 3-year-old boys whom
we found so susceptible to accidents ...0therwise the
personality traits of the accident and control children as
judged by parents and teachers were quite similar (p. 12).

In New South Wales, Avery (1974) has commented that the stereotypical
behavior of the young Australian boy is “aggressive," 1.e.,"determined,
daring, and fearless.” Those traits, he infers, make the child particularly
susceptible to accidents.

Ekstrom, Gastrin and Quist (1966) in Sweden also attempted to study the
relationship between personality and injury in traffic. By comparing 706
child accident victims with 88 "social twins," the researchers set out to see



how fhe accident victims differed in personal1ty{from the control group. By
inquiring of parents whether the child was;'11ve1y.ﬁ "nervous," or 'quiei."
the authors hoped to estab11sn a personaiity,pattern.' These terms were not
further defined, so it was left to the respondenfs to supply their own -
interpretations of the'descriptors. The authdrsrhypothesized.that_the
accident victims would more often be 11vé]y than: quiet. While this trend did
appear, it was not markedly so. Moreover, the d1fferences'between.the
accident group and control group were not clear cut perhaps because parents
in both groups preferred to think of - their ch1ldren as "lively" rather than

quiet' or “"nervous."

From the few studies available in the 11terature it does appear that there -
is some relationship between personality and suscept1b111ty to 1nvolvement in
traffic accidents. While the Ekstrom et al. (1966) study produced no |
behavioral/personality differences, the categories used to describe the
children,-as noted, were rather vague and not shérp distr1m1nators of
pérsonality. On the other hand, Read et atl. (1963) and Avery (1974) noted a
behavioral/personality factor which predisposes children to traffic
accidents. The aggressive, outgoing, defiant benav1or which sterebtyp1cally
characterizes three-year-old male toddler5~seemsi to those authors, to be.the |
type%of behavior which places a child at risk initraffic. | '

I.C.. Parental Supervision: A Survey of the Literature

~ One factor examined in the literature which rons1stently influences a
child's traffic behaviors, i1s parental supérvis16n Studies both in this
country and abroad have noted that the lack of parental supervision
contributes to children's traffic accidents. :

] _ ,

The degree of parental supervision has been examined on several levels:
(1) whether the parent permits the child to'p1ay}1n and/cross . the road by
himself/herself; (2) whether the parent allows tne child to play 1n_and/drf
cross the road in the accompaniment of a peer; (3) uhéther the parent allows
the child to play in and/cross the road oniy u1th‘dnother older ch1ld'be1ng
present; and (4{ whether the parent allows the child to play in and/cross the
road only in the presence of an adult. Studies have dealt with various facets

of this continuum of parental supervision.
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In Britain, several researchers associated with the Transportation and
Road Research Laboratory (TRRL) have examined the relationship between
parental supervision and traffic safety. Sadler (1972) in her interview of
2,017 mothers of two to eight years olds in England, Scotland, and Wales found
that a surprising number of parents permitted their young preschool child to
play in the street. Sadler found that accessibility to a yard or a safe play
area did not necessarily diminish street playing. She states, "Although
possession of a yard makes it less likely that a child will play in the
street, almost half of the 2-4 year olds who have access to a garden play in
the street occasionally at least, and for 5-8 years olds this proportion rises
to two-thirds" (p. 15).

In terms of road-crossing behavior, Sadler found that even among
two-year-olds, over one-fourth were permitted to cross the street on which
they lived by themselves. With each succeeding age group, the increase in
children allowed to cross the road was dramatic. The following table records
the breakdowns by age which Sadler found (p. 76):

Age of child
Population of children in
each age group who

2 3 4 5 3}
Are allowed to cross streets
Percent
26 48 64 11 86
Are prohibited from crossing
streets Percent

14 52 36 23 14

1
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Sadler's findings are even more dramatic in light of theifact that the amount
of traffic on the road does not appear to markedly deter parents from keeping
their children out of the road. Sadler writes: “"Even where their mothers
considered the road to be very busy, 13 percent of 2 year olds were able to
cross it on their own*® (p 19).

The evidence of Sadler's survey is that even'the very youngest
preschoolers are permitted in the street by themselves As has-been noted in
this: report because her data were retrieved 1ndependently of an analysis of
traffic accident reports, the relationship between parental reports and the
probability of being involved in a traffic accldent is unknown. On the other
hand, the fact that so many mothers admit to allowlng their children In the
street at an age before they are capable of coplng effectively in traffic (See
Chapter 2), does lead one to infer that the absence of parental supervision

puts these children at risk.

Grayson, another British researcher, has also exploredpthe topic of
parental supervision in two studies conducted for the TRRL. In his
observations of 1,790 pedestrians made at four sltes. Grayson (1975b) noted
how children crossed the road when alone, with arpeer, and with an adult.
While he, 1ike Sadler, did not attempt to relate behavior to accident data, . he
did note which situations placed the child at greater risk. Interestingly,
Grayson found that children demonstrated the least safe crosslng behaviors
when in the company of adults. He writes:

...Whether the child was alone, in the company of other children
of a similar age, or accompanied by an adult or older child
often had a marked effect on crossing behavior.- This effect was
most pronounced on accompanied children, who made far fewer head
movements than did children without. adults The film records
give the impression that, on the whole, ‘accompanted children
played very little part in the croSslng?task (p. 6).

!
Grayson's observation underscores an important polnt. Supervislon in ano of
itself does not ensure traffic safety. If the qoallty of the supervision is
not high, then the child may face even greater rlsks than if he/she were
uneccompanied. Sandels (1975) has made this observatlon from Swedish studies

as well. She notes that young chtldren are often least careful in crossing a
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street when they are in the company of an adult. It is Sandels'
interpretation that children abdicate all responsibility for their well-being
to adults whom they trust to get them safely across the street.

Grayson (1975a) examined the supervision/injury relationship in a second
study performed at Hampshire during 1972. This study, unlike the earlier ones
noted, attempted to relate behavior to accident data. For children four and
under, Grayson found that nearly one-third were alone at the time of injury.
Only a s1ightly larger percentage of children were in the accompaniment of an
adult. The percentage of children in each category of accompaniment was
observed as follows (p. 95):

Accompaniment pattern: Children Al children aged
aged 0-4 0-14
% %
Child alone 32 44
Child with aduit 38 12
Child with older children 22 20
Child with other children 8 24
Total 100 100
Base - 8% 464

As with his other study, Grayson found the quality of the supervision provided
by parents of accident victims to be sorely lacking. He observed: "The
finding that over a third of the pre-school accident victims were in the
charge of an adult suggests that the supervision could have been substantially
improved® (p. 12).

Preston's (1972) analysis of accidents in Manchester and Salford also
revealed a lack of supervision. Here, it was not so much a question of poor
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superV1Sion, but of missing supervision entirely. for children five and under
in hér study, she observed that two-thirds were injured within 100 yards of
their home. In 92% of these cases, the chi]dren'were unaccompanied at the
time of the accident. In the other one-third of accident cases, over half of
the children were in the company of an adult. Here too,,poor supervision
seems to have been a key factor.

In Canada, similar findings have been found. ? Iﬁ comparing the supervisory:
behavior of parents of accident victims in Vancouver with parents of a control
group, Read et al. (1963) found that parents of Uhe accident children left
their children unsupervised in traffic at a considerably earlier age than did
control parents. The authors describe their findings as follows:

|
The "accident parents," on the whole, dvscontinue superv1sion of
the child's play area at an earlier age K4 years) than the
control families (6 years). This difference appears in-spite of
. the strong feeling on the part of the interviewers that the
accident families were very guarded in the1r reply to these
questions. '
It was somewhat disconcerting, if not entirely unexpected, to
find that the child's playground was usually the sidewalk and
street. This held true even though the child might be of :
pre-school age and had a yard in which to play. The community
playground was occasionally used if it was within five blocks of
the child's home, but it was almost never his usual play area.
Although not spec1f1ca]]y compared, one would expect this to be
“particularly true for the younger children who would meet with
many hazards in travelling to and from the playground. unless

they were under supervision (p. 13).. | .

| L
In Sweden, uhere several studies have explore& this tbpic, a similar
picture emerges. A study by Mattson and Lindensjo for the Skandia Insurance
Company in Sweden dur\ng 1968-1969 (Sande]s, 1974) revealed that except for

toddlers aged one and two, accidentvv1ct1ms were most of ten alone or with
peers at the time of their accident. A breakdown of their data (Sandels,
1974) reveals the follow1ng profile (p 8): f

B
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Number of children alone, with friends, with adults

Age Child alone Child with friends Child with adult Total
1 i - 2 3

- ——— e ——— . - — —_——— ——
2 4 5 10 19
3 8 6 6 20
4 10 1 3 20
5 1i 4 5 20
6 10 8 2 20

A further interpretation of these data for Skandia by Sandels (1974), the
so-called Skandia II Report, echoed the earlier findings. Sandels writes:

Even one-year-olds have been left out of the sight in the
dangerous vicinity of parked cars, even i1f it had been only for
a moment. Streets are crossed without holding the one-year-olds
by the hand or on reins. A one-year-old has been left alone for
a time long enough to permit him to walk alone up to a highway,
where cars were passing by very fast. Almost half of the
two-year-olds are allowed to play outside alone or with friends
in dangerous surroundings, which also is the case with more than
half of the three-year-olds and all of the following age groups

(p. 26).

In 1970, Sandels reported on further studies that had been conducted by
the Research Institute of Child Psychology at the University of Stockholm from
1960-1968. In one study conducted in Stockholm in 1960 of 550 children,
Sandels reports that 80% of the children observed were alone or in the company
of their peers while in traffic. The author concludes the following:

Children as young as 3 and 4 years were seen in more than one
quarter of the cases in places which were dangerous from the
traffic point of view, such das roadways, pavements and parking
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areas. They mostly played alone while their mothers tried to
keep them under observation from windows or balconies. Five and
6-year-olds had less supervision out-of-doors, and nearly half
“of them had chosen unsuitable playing areas ...Interviews with
mothers confirmed that children as young as 2 1/2 - 3 years of
age were let out alone, and that mothers 1iving in high-rise
flats had difficulty in supervising their children (p. 112).

Sandels (1974) sums up the results of the mahy Swedish studies in this _
way: "Those who at the time of the aec1dent weré fesponsible for supervising
the children let them out alone much too early" (p. 19).

v f |

In Australia, Cameron, Stanton, and Milne (1976) likewise found that
children in accidents were most likely to have béen unsupervised at the time
of their accidents. The authors developed a risk calculation that reflected
the risk to a pedestrian when crossing the street For young pedestrians who
crossed the street alone a risk factor of 25.0. was assignéd  The presence of
another walker drastically reduced the risk factor to 0.59. No 1nd1cation was
given in the study, however, for risk factors that related specifically to an
accompanying adult, older child, or peer. The conclusion from this study was
most decidedly in the favor of supervision per sé. In The Australia study,
the quality of the supervision does not seem to he as important as does the
presence of supervision in and of itself. ;
|

This finding was postulated earlier by Hagnu%son (1966) 1n an eight-year
survey of child pedestrian accident victims repokted in the Index Medicus. In

his study, Magnusson found that three-quarters'ot the accident victims were
either alone or in the company of another child dur1ng the time of their
accidents. For our purposes, though it should be noted that this figure is
somewhat inflated since Magnusson examined cases of children aged one to
fourteen, and older children would deve]opmenta]ly be expected to be on their
‘own in traffic more than younger children.

Here in the U.S., a research study for NHTSA}examined the very tssue of
parental supervision as it relates to the younglth1ld in traffic. As part of
that effort (Thackray & Dueker, 1983), children hged one to five in five
cities were observed. Two major findings of.thﬁs study were as follows:

|
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. Children observed playing in a near-the-street setting were without
adult supervision more than 80% of the time they were observed.

. When supervision was present, it appeared to suppress behaviors that
' could lead to an accident (e.g., dart-out type street entries).

This study, because it was not keyed to accident data, is similar to the work

done by Sadler and Grayson. Moreover, like Sadler, Sandels, and Read et al.,

the American study noted a tremendous lack of supervision of young children in
traffic. Even the very youngest of children were left to fend for themselves

in traffic.

From the above survey of the literature, it is ciear that supervision can
play a major role in protecting the child in traffic. Why then are parents
and guardians so neglectful of their children?

One explanation is that parents simply overestimate the capabilities of
their young children in traffic. Sandels (1974) puts it this way:

In spite of all that has been written and said during the past

few years about children's l1imited ability to manage in traffic,

it is apparent that the supervisors too often lack knowledge

about what can be expected of small children...There is no other
- way of explaining their mistakes {p. 26).

In Chapter 2 of this report the capabilities of the young child in traffic
have been detailed. For many parents and quardians, this information is
apparently novel. All too often parents assume that a child possesses coping
skills which are developmentally beyond his/her ability level. Because the
adult is so adept at functioning in traffic, he/she often forgets that these
skills are not innate to the child. Sandels (1966) has noted:

They (children) do not apprehend the traffic environment in the
same way as an adult; they have the grasp of it made possible
for them by their age and degree of development. We adults
nearly always overestimate children's capacity. We imagine that
a situation which we ourselves experience is aiso the one a
small child experiences. In reality, i1t is never the same.
Moreover, the cause of development in early childhood is so
rapid that there are great differences not only between adults
and children, but also between children of different ages

{(p. 230).
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_ Numerous examples have been cited in the Titerature to support this wview-
point. Pease and Preston (1967), for example, showed that recitation of a
safety rule by children did not necessarily represent comprehension

Likeuise children's misunderstanding of traffic signs and vocabulary is often
startling to the adults who assume that childrenishare their understanding.
The Chairman's Réport of Sub-group II of the OECD Special Research Group on
Pedestrian Safety (1978) quoted this example'froﬁ Michalik to illustrate this
point: When a six-year-old was asked, "What is a’traff1c island?* the
_response was “Where there is water.® As Russam (1975) summarizes the
situation, "Mothers apparently have a much bettef opinion of their child's
ability to cross roads than research workers do" (p. 3).

In sum, it appears that parental supervision#directly impact on the risks
of a child being involved in traffic accident. Horeover in some of the
research it has been found that the quality of the supervision also impacts on
the risks to the child. For the parent to be present is not always enough;
he/she must be an effective role model for and pfotector of the child.

[.0. Birth Order: A Survey of the Literature |

Some attempt has been made in the 11terature§to ascertain if there is a
relationship between a child's position in the family and a likelihood that
he/she will be involved in a traffic accident. hesearch in this area is,
-however, quite sketchy. Even among those studie§ which have explored this
relationship, there is a fallure by most authors to present their research
methodblogy or to tie their findings to the acct@ent data. For this reason,
we can only turn to opinions of the authors g]e{ned from observations, rather

than concrete data.
Sadler (1972), in her large-scale 1ntérv1guiof British mothers, did
attempt to examine this vartable in terms of when mothers allowed their
children to cross the road. She found that the first-born had been granted
i
j
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such permission at a later age than were subsequent children. In this regard,
she writes:

...Where mothers said that one of their children did (or would
be allowed to) cross at a younger age than the others, the-first
crosser was most likely to be the later-born (e.g., the younger
of two siblings) (p. 1).

In terms of street playing behavior, Sadler also tried to examine this issue
by asking mothers which children in the family played in the street. This
question yielded few meaningful results, however. As Sadler observes, "Any
differences which appear to he related to birth order may in fact be due to
family size as 'oldest' and 'youngest' children must come from families with
at 1east two children and 'middle’ children from families with at least three
children® (p. 20).

Again, it must be noted that Sadler's data give us information on
children's behavior only; there was no attempt by the author to relate these
data to accidents. We can, however, surmise that British mothers keep thetr
first-born children out of the road until a later age than they do their
subsequent children.

In Japan, Okamoto (1978) observed a similar child-rearing pattern.
Although no information is given on how his observations were arrived at, the
author offers this conclusion: "The first child is less liable to accidents
than the second and subsequently born children® (p. 123).

In Sweden, where there has been some attempt to more rigorously examine
this issue, different conclusions were drawn. Ekstrom, Gastrin, and Quist
(1966), in examining records of children injured in traffic accidents from
1963-1965, found that first-born children, rather than being safest in
traffic, were more likely to be the accident victims (i.e., in 44X of the
cases, child number one was the accident victim). When the percentage of
second-born children injured was added to the first-born injured, it accounted
for nearly 80% of all child accident victims. It should be noted, though,
these figures may be somewhat misleading in that 59% of the families whose
case histories were examined had but one or two children in them.
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In the United States, there has been virtua]ly no research done which
1nvest1gates this variable. The foreign research, as has been seen, is
1nconststent in its findings. Therefore, at this point in time, it is not
posstble to draw any firm conclustons concerntng the relattonsh\p of btrth
order to accident probabtltty _ 5

II. WHERE IS THE ACCIDENT LIKELY TO TAKE PLACEZ
_ 3 :

In the above section, literature on the biodraph1c and demographic
background of the child pedestrian accident vtcttm was reviewed. In this
section where this "typicai” victim is most often 1nvolved in a traffic
accident, will be examined. In this regard, the ltterature is consistent in
its findings on both the probable location s1te1and the child's. fam111ar1ty
with that site. ' ' % ‘

. A

-There is an overwhelming amount of. evtdenceito suggest that most preschool
children are tnjured in the vicinity of their own home, often on the very
street on which they 1live. Internationally, the p1cture appears to be the
same. In Britain, for example, Preston (19?2),eoncluded from her study of 980
accidents in Manchester and Salford in 1969 that.“The majority of injuries to
children under 5 occur within 100 yards of home‘ and 1t is not until children
are 11 and over that the majority of injuries occur more than 174 mile from
home" (p. 325). : ;

In another TRRL ‘study, Grayson (1975a) found in an analysis of 431 child
pedestrtan accidents in Hampshire, that 56% of children aged four and under
were injured within 100 yards of their home . His figures provide the
following information on the location of acctdent sites for ch1ldren by age

(p- 4):

il
!
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Distance from Home by Age (Percentages)

AGE
Distance ALL 0-4 5-9 10-14
Less than 100 35 56 36 19
yards
100 yards to 25 17 21 24
1/4 mile
1/74 mile to 19 12 19 23
1/2 mile
1/2 mile to 8 5 8 12
1 mile
Over 1 mile . 13 10 10 22
Total 100 100 100 100
Base 431 83 244 104

Grayson summarizes as follows:

These results show clearly the increase in distance from home
with age, but it is also the case that even in the oldest age
group two-thirds of those injured were within half a mile of
their homes. Overall, three out of five of the injured children
were within 1/4 mile of their homes when the accident occurred,
and at least a quarter of these were actually in the street
where they lived, according to supplementary information on the
accident report (p. 4).

As may be inferred from the above quote, Grayson found that an
overwhelming méjority of children were familiar with the road on which they
were injured. Only 6% of the entire sample of children claimed never to have
crossed the road before. Indeed, nearly 50% of the children reported that
they crossed the road in question datly.

21




Foote (1974) 11keu1se'found,that children 1n§o1ved in pedestrian traffic
accidents in Britain were familiar with the location site of their accident.
In a paper presented before the 12th InternationéI‘Study Week in Traffic
Engineering and Safety, he proclaimed that 84% of children under ten in Great
Britain were injured within 800 meters (i.e., 1/2,m11e) of their home.

Bar tholomew (1967) had, a decade earlier, s1milar1y concluded that child
pedestrian accidents occur Qithin one block of the child's home.

In Japan, the same picture emerges. Hoshi d1976) writes: "Almost all
traffic accidents involving young children occuﬁ tn the vicinity of the
child's home. About 75% occur within 100 meter%‘and 85% within 500 meters of
the child's home" (p. 14). Okamoto (1978) concurs with Hoshi's profile noting
that most accidents to young children occur in #heIroad'in front-of théir home .

In the Netherlands, foote (1974) reiterateéjthé same position. vThe author
goes on to state that “70% of all accidents 1nv61v1ng children under six do
not happen on major roads, but in streets that éarry less than 300 cars per 24
hours. It is in the residential areasvproximal;to the child's house that the
accident is most likely to take place* (p. 10).!
' !

Evidence from Sweden presents the same description. Sandels® -(1975)
analysis of her many studies has led to this cphc]us1on. "The analysis leavps
the impression that the typical collision between a walking child and an
automobile happens on a suburban road, eventualﬁy a medium size road...and
‘starts with the child crossing the road unéxpe@fedly' (p. 80).

Studies in the United States have lﬁkewﬁseﬁconfirmed this pattern. In the
- ORI study (Snyder & Knoblauch, 1971), it was found that almost one-half of the
accidents analyzed occurred -in residential areis Sevehty eight percent of
accidents occurred on two-way streets on which: the crossing differences were
under 40 feet. It should be underscored, though that the accident pattern
summar ized above applies to all accidents exam1ned 1n the study, not just the
10% that occurred to children age four and under
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The study of urban accidents by Knoblauch (1975) in 1972-1974 revealed a
nearly identical pattern. For the 9% of the children in the study who were
under four, 77X were injured in a residential area and 78% on a two-way road.

In another survey of 1,531 rural and suburban pedestrian accidents in six
states, Knoblauch (1977) found that among children aged birth through four,
58.9% of the children injured were hit within .1 mile of their home.
Apparently even in rural areas, the young child s most at risk in his/her own
neighborhood.

The U.S. data are so similar to the foreign data that the AAA (1965) has
concluded: "Most accidents occur on resident1a] streets within a short
distance from the victim's home® (p. 5). The evidence is so significant that
it can categorically be stated that the majority of young child pedestrian
accidents both here and abroad occur on roads familiar to the child, near
his/her home, and very often on the very street on which he/she lives.

ITI. WHAT DOES THE POTENTIAL VICTIM DO THAT PUTS HIM/HER AT RISK?

"In regard to this question, the international evidence is equally
consistent. It has been determined that the potential victim is likely to be
injured near home. The reason he/she becomes involved in an accident 1s not
because of travel, but because of soctal reasons. Impulsive and socially
oriented, the young child is likely to run out from between parked cars to
greet a friend or retrieve a play object. His/her sudden entry in the street
is the Téading cause of injury.

Sandels (1975), who has spent the last two decades observing the young
Swedish child in traffic, writes in this regard:

When a child pedestrian is injured in a traffic accident, the
accident is usually entitled a "dashing-out" accident or a
“sudden emergence accident." This term designates the accidents
in which children are said to have run, jumped or dashed out
into the path of the oncoming vehicle. This is always the most
common type of accident (p. 13).
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In her research for the Institute of Child Psychology {1974), Sandels
attempted to analyze the causes of these dashing-out accidents. In 56 of the
182 cases examtined (31%). Sandels identified a social factor which
precipitated the accident. She writes: “"The child ran-across the street to
somebody, or in front of, or behind somebody..orgran»auéy from somebody he was
with® (p. 9). Sandels gives the following two'cese histories to exemplify
this point: ' : o '

A two-year-old stands next to the road together with some -
friends. A car comes along moving slow]y When 1t is about
five yards from the children, one of them runs out in front of
‘it. The car stops without hitting this child. The two-year- -old.
runs after the friend on the road and runs into the car, which
is then standing still (p. 9).

.
|

* * * *‘*.

A four-year-old is in his father's carﬂon the way from the
doctor's. At home grandma is waiting. | The child is anxious to
tell his grandmother about the visit to thé doctor. While the
father locks his car, the child runs away from him across the
street (p 9). ‘

Other "dash-out® accidents in Sweden have been ittributed»to the fact that the
child was so immersed in a game that he/she wasjobtivious.to the traffic on |
the road, that he/she used faulty jodgment in trying to cross the road or the
fact that the child thought that he/she could control the flow of traffic by
playing policeman or someone else with authority or magical powers.

In other countries, similar reasons have been attributed to the cause of
preschool traffic accidents. Hoshi (1976) records that in Japan
“Approximately 70 percent of all traffic accidents 1nvolv1ng young children
" occur when a child dashes suddenly into the roadway' (p. 14).. Yoda (1973) has
1ikewise noted that most traffic accidents in Japan are caused by the child
sudden]y jumping out into traffic. To 1llustrate, Okamoto (1978) gives this'
example of a typical preschool accident in Japao:

|

.when a child on the way home from kﬁndergarten'sees his
mother waiting for him to cross the street, he attempts to cross
the road to join the mother without looking in both directions

|

j
' J
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and is run over by an oncoming car. This child may have been
repeatedly told to look left and right before crossing and never
to jump out into roads. If asked, he would give the correct way
of crossing a road. However, upon seeing his mother, he becomes
anxious to be with her as soon as possible. Then all
precautionary steps to be taken before crossing roads slip out
of his consciousness. He can only see his mother and take no
notice of oncoming cars. Children cannot size up their
environmental situation as adults do. The behavior of small
children described above may be called "tunnel vision® (p. 121).

In Britain, analyses of road accidents have produced similar results.
Grayson (1975a) in his study of accidents in Hampshire found that most young
ch1ldren»1njured in traffic were simply not paying attention to the traffic
environment. Ffor children under four, a full B82% were totally inattentive to
the traffic situation that led to their accident. Grayson writes: "The most
striking feature of this (study) is the very small proportion of accidents
which Equld'bé attributed to misjudgment on the part of the child...In 90
percent of cases!the child reborted partial or complete lack of attention.
Play or some form of other distraction was associated with over a quarter of
thé accidents to child pedestrians® (pp. 8-10).

The U.S. research regarding the factors that predispose children to
accidents has confirmed the findings of international studies. In an effort
to organize accidents into a typology, researchers for the past decade
(beginning with the ORI study) have been ahle to categorize accidents
according to a function/event sequence breakdown. For the young child, two
types of accidents have been shown to account for the majority of all
pedestrian accidents: the dart-out and the midblock dash. The definitions of
these cateqgorizations are as follows (Wolfe, 1979; U.S. Department of
Transportation, n.d.):

. Dart-out, first half: A pedestrian, not in an intersection or
crosswalk, enters the street midblock and s struck by or walks or
runs into a moving vehicle.

. Dart-out, second half: This is like the type above, except that the
pedestrian has already crossed half of the road.

. Midblock dash: The pedestrian runs into the roadway, not at an
Intersection.: Differs from the dart-out in that the pedestrian does
.not appear suddenly in the path of the vehicle (the driver is usually
aware of the pedestrian before the collision 1s imminent, but
misinterprets his/her actions).
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According to the ORI data'(Snyder & Knoblauch, 1971), children uhder four
accounted for 23% of all dart-out, first half accidents. Another 16% of all
dart-out, second half accidents involved children under four. The statistics
on dart-outs stand out all the more in 1ight of the fact that the preschool
age group accounted for only 10% of the accident population sampled. |

In a study of suburban and rural accidents (Knoblauch, 1977), a similar
picture emerged. Twenty-nine percent of all dart-out, first half victims were
under four. Another 16% of the dart-out, second h@lf accident group was
composed of childrén under four. This same age grdup accounted for 21% of the
midblock dashes that occurred. 3

I
|

In the study of urban pedestrian accidents, (Knoblauch 1975) the
involvement of young children in dart and dash type accidents becomes even
clearer. According to these data, a staggering 44x of all accidents to
children under four were of the dart-out, first haif type. While the

dart-out, second half accounted for only another 7% of accidents, the midblock

dash was attributed to another 17% of this age catégdry Together, these
three types of acc1dents accounted for 68X of all accidents involving children
under five. ‘

This profile is entirely consistent with the pdrtrait drawn by foreign
researchers of the preschool accident victim: the young child shddenly
emerges into the traffic picture from a midblock pdsit1on. Play and other
social motives have, without warning, placed the cﬁild at_risk{in traffic.

IV. WHEN IS THE CHILD ACCIDENT VICTIM MOST LIKELYJTOABE AT RISK?

Another important question discussed in the 11@erature concerns when.
children are likely to be injured. Again, 1nterna§10nal data are strikingly
consistent in this regard. ‘

IV. A. Time of Day and Accident Causation

In general, pedestrian accidents involving preschoolers are 11kely to
occur from the late afternoon to dusk hours. COuntry after country reports~
“this same finding. i
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In Sweden, Ekstrom et al., (1966) report that 50% of all child pedestrian
accidents in Stockholm occur in the 2 to 6 p.m. time frame. Mollstedt (1966)
comments that this afternoon peak coincides with the time when all children's
accidents are 1ikely to occur. He writes, "As for the time of day when
accidents occur, it is a well-known fact in occupationa) medicine that most
accidents take place in the afternoon, say, between 2 and 6 p.m., which
corresponds fairly weil with the peak of children's accidents in Stockholm"
(p. 162). Lindstrom (1966) reports nearly identical statistics in Gothenburg
as in Stockholm: 51% of child pedestrian accidents occur from 2 to 6 p.m.
Sandels (1975) has found that the typical preschool traffic accident occurs
around 5 p.m.

British reports are similar. Grayson's Hampshire study (1975a) found that
“The pedk period for child pedestrian accidents was between 4 and 5 p.m., when
more than one-fifth of the accident victims were injured" (p. 4). Foote
(1974) found an even greater proportion of accidents occurring during these
hours. His research showed that some 60% of children under age ten in Great
Britain were injured between 3 and 7 p.m.

In New South Wales (Avery, 1974), it was reported in 1972 that 67% of
child pedestrian casualties occurred between the hours of 3 to 6 p.m. In
Vancouver (Read et al., 1968), it was established that 79.8% of child
pedestrian accidents occurred in daylight.

The data in Japan are again similar. Hoshi (1976) reports that the
majority of traffic accidents involving young children occur between 2-6 p.m.
Okamoto (1978) echoes Hoshi: “In the case of children, more accidents occur
in the afternoon and evening than in the morning. The most dangerous time for
children is from 3 to 6 p.m." (p. 123).

International surveys have produced consistent results. Nordentoft (1974)
notes that most accidents occur at 5 p.m. Likewise, Magnusson's (1966) survey
of ten years of child pedestrian accidents reported in the Index Medicus

revealed that most accidents occurred from 4 to 6 p.m.
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As already noted, an analysis of”U.S..accideni reports “is entirely
consistent with the above analjs\s. As one research report summar i zes (Holfe,
1979): *“There is widespread agreement that pedestrian accidents peak late in
the'afternoon-—usually between 4:00 and 7:00, or sometimes between 3:00 and
6:00" (p. 5). Huelke and Davis (1969) put the prébability of child pedestrian
accidents occurring in the 3 to 6 p.m. time slot ét 50%.

National studies of children's accident patterns have yielded similar _
results. The ORI study (Snyder & Knoblauch, 1971) showed that the majority of
traffic accidents for children under five occurred from 4 to 6 p.m. In the
Urban study (Knoblauch, 1975), some 84% of the accidents involving children
under age five took place in daylight hours. 0vefall. some 53% of accidents
occurred in the 2 to 4 p.m. time bracket. The results of the RUPED study
(Knoblauch, 1977) indicated that this same time per1od left child pedestrians
most vulnerable. forty- nine percent of the accidents on this data base
occurred between 2 to 4 p.m. as well.

1

In sum, the results of the data reviewed 1nd1c5te.that'the young child fis
most Tikely to be at risk in traffic during the hohrs from late afternoon
until dusk. Several explanations have been put fo(th to interpret this
phenomenon.  First of all, these hours correspond io the afternoon rush hour
traff1c peak in all of the countries surveyed. Hikh mor e vehicles on the -
road, it is only logical to assume that the risks of the child being injured
will correspondingly increase. However, the fact that the morning traffic.
rush hour does not impact on the child's safety cohfirms what has been said
earlier: children do not seem to be involved in aécidents because of travel,
but because of play and other social activities. It is not the trip to and
from preschool/day care/kindergarten uhich is most dangerous Rather. it is'
the child's play activities in or near the street coupled with his/her soc1a]

needs that place the child at risk.

IV.B. Day of the Week and Accident Causation

v A 1 _ _ |

International research has not been as thorougb in analyzing accident data
relevant to when in the week accidents are 1ikely to occur as it has in regard
to time of day, Still, there are sufficient data from which to make some

limited comments.
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Okamoto (1978) reports that in Japan, Thursday, Friday, and Saturday are
the most dangerous days to youngsters. Sunday 1s considered to be the safest
day since it is “family day." As such, it is felt that parents are more
attentive to their children and thus, better supervisors of their activities.

Tanaka (1965) found that for children who went to nurseries, Mondays and
Saturdays were the most dangerous days. He has linked the accident rate to
the presumed mental and physical fatigue of mothers at the start and finish of
the week.

In Cameron et al.'s (1976) study of Sydney, it was found that friday and
Saturday were the most dangerous days and Sunday the safest.

In Sweden, Sandels presents this analysis of the Skandia I data:

The majority of the accidents occurred during the period Monday
to Friday. The greatest number of accidents occurred on Fridays
but the differences between the days were relatively small. The
fewest number of accidents took place on Sundays, followed by
Saturdays. No differences with respect to sex have been
observed in this connection (p. 11).

In the U.S. more attention has been placed in establishing day-of -the-week
accident findings than has been focused on this area abroad. In the ORI
study, looking oh]y at the under four age group, the highest rate of accidents
(17.1%) tﬁke place on Monday. The next most dangerous days are friday and
Thursday. Sunday is by far the safest day. The table below presents the
percentage of accidents by day of the week for this age group (Snyder &
Knoblauch, 1971}):
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Age 0-4
Day of Week % of Accidents Occurriﬁg.
Sunday >9.7 ‘
Monday 17.1
Tuesday 12.0
Wednesday 14.8 |
Thursday 16.2 j
friday 16.7 }
Saturday 13.4 :

The Urban data base (Knoblauch, 1975) showed Hédnesday, fFriday, and
Saturday to be the most risky days of the week, with each day sharing 16% of
the total number of accidents incurred. It must be noted, though, that this

analysis reflects accident data from all'age group§ and not just the preschool

population.

In the RUPED data (Knoblauch, 1977), there was?a fairly even distribution
of accidents across all days of the week. Thursdaj and Friday each accounted
for 16% of the accident total. The lowest percentage on a given day, however,
never went below 13%; Sunday, Tuesday, and Hednesd#y all shared this

distribution. Again, though, these findings must de tempéred by the faét that
this breakdown is for al].pedestrians; not just thé preSchool population.
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In sum, there are not clear-cut demarcations concerning the day of the
week during which the preschooler is at greatest risk. The beginning and ends
of the work week appear to be particularly dangerous times, but again, these
findings are not conclusive. There is also some indication that Sunday may be
the safest day for the young child.

IV.C. Season of the Year and Accident Causation

The final variable to be explored in this review concerns the time of the
year which is most dangerous to the child. Again, data in this area are
somewhat sketchy.

In Sweden, Sandels (1975) has, however, examined this question. Unlike
cycling accidents for which there is a seasonal pattern, pedestrian accidents
involving young children appear to be evenly distributed throughout the year.
Sandels did, however, note a rise in accidents during the months of May and
October.

In Japan, Tanaka's (1966) study of nursery children showed September and
October to be the most dangerous months. The author attributes the rise in
these months following the relatively safe summer to the fact that "this may
be due to children's increased outdoor playing after heat in the summer has
gone" (p. 33). April, the month when the nursery begins, is thought to be
among the safest because of the extra precautions taken by parents at the
start of the school year.

Read et al., (1963) from their study of Vancouver in 1958-1960, found that
most child pedestrian accidents occurred in June and September; January and
July were the least dangerous months. August and December were also
relatively low accident months.

Nordentoft (1974) has concluded that most child pedestrian accidents occur
in the spring and autumn. Less accidents, according to the author, take place
in the winter because children are more often indoors and not as exposed to
traffic.
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’Hagnusson s (1966) review of accident cases 1fsted in the Index Hedicus
found that most accidents occur durtng the summer months of April through
'September |

i
I

In the U.S. approach to this topic, there has heen some attempt to examine
the relationsh1p between accidents and climatic conditions Using the ORI
data base (Snyder & Knoblauch, 1971), Thackray and‘Dueker (1983) showed that
for children under age five, 84% of all accidents occurred at temperatures
above 45 degrees Farenheit. Looking at all ages on the ORI data tape, April
was the most dangerous month, followed by May, June, and July. Accidents fell
of f sharply during September and October. f

From the study of urban accidents iKnoblaUch, hQ?S).‘a somewhat different
picture emerges. February through October are theth1ghest»aCC1dent months,
with March being the most dangerous. August, November and December showed
the lowest accident rate. This information, 1t should be noted, applies to
the enttre age span surveyed by the study, not just the preschool group.

Horeover no differentiation has been made between climates 1n northern ‘and in -

southern cities. _ B ‘

Using the RUPED sample (Knoblauch, 1977), accidents appear to be evenly
spread. throughout the year. July, August, and October are the highest
accident months, with 9% of the total number of accidents each. Ffebruary,
with 6% of the total, is the month with the fewest‘number of accidents.
Aga1n, these figures incorporate all age groups and do not demarcate northern

city stattst\cs from southern ones.

In summarizing the literature on this topic, 1t is difficult to draw any
definite conclusions. Based on the foreign statistics and the one U.S. study
for which there is preschool-linked data, it appeans-that accidents involving
young children peak during warm weather. It is 1o§ica1jto assume that as the -
weather becomes inclement, parents would tend to keep their children indoors |
more. Thus, during the cold winter months in the North accident rates most
probably go down. With the renewal of the warm weather in the spring. it
appears that accident rates increase 1in accompaniment to the rising

temperature. }
b
‘r! o
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V. SUMMARY

In this chapter of the report an overview of the “typical" preschool
pedestrian accident victim has been presented. Who the pedestrian accident
victim is, where accidents are 1ikely to take place, what factors are
associated with these accidents, and when these accidents are most likely to
occur have been examined. Based on the cross-cultural literature reviewed,
the following conclusions can be stated:

. More preschool boys than girls are involved in pedestrian traffic
accidents. In many counties, twice as many boys as girls are
accident victims.

. Exposure theory does not adequately account for the predominance of
boys over girls in the accident data, although childrearing studies
indicate that more mothers allow their sons to play in the street
than they do daughters.

. The behavior of young boys in the street (e.g., impulsive,
risk-taking action) appears to increase the chances of their being
involved in an accident.

. The absence of parental supervision is associated with accident
involvement. There is some indication that the quality of the
supervision is an important predisposing factor in accident
causation.

. The research on the relationship of birth order to accident
probability is both 1imited and inconsistent.

. Young children are injured on roads with which they are familiar.
Quite often the accident site is the very street on which they tive.

. Most accidents are caused by the sudden darting or dashing out of
children into traffic from a midblock location. Play and other
social reasons--not purposeful travel--predispose the child to
accidents. The basic error children make is to not adequately stay
and search for oncoming traffic before entering the street. The
driver does not have sufficient time to avoid a collision.

. Most child pedestrian accidents occur in the late afternoon to dusk
between the hours of 3-6 p.m.

. There is not clear-cut evidence as to which day of the week is most
dangerous, although most studies show the beginning and ending days
of the work week to have the highest accident rates. Sunday appears
to be the safest day of the week for the young child in traffic.

33



. There are not clear-cut data on which seasons of the year are the
most 1ikely to produce the most accidents.. Evidence indicates that
accidents involving young children peak during the warm weather and
decrease during the winter months in those places where the '

|

temperature falls below 450 F.

Taken together, this information provides us with q wealth of biographical
data on the potential preschool traffic accident vtctim.
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DEVELOPMENTAL CAPABILITIES OF YOUNG CHILDREN

The young preschool child is developmentally immature. Cognitively,
motorically, physically, and emotionally the child is in the process of
growing and developing. What this means is that the child--unlike the _
adult--possesses capabilities which are not fully developed. His/her thought
processes are not yet capable of dealing with the abstract. His/her tendency
is to focus on one specific feature in the environment, which is by no means
necessarily the most important one. For the young child in traffic, the fact
that he/she is developmentally still growing may place him/her at risk.
Without fully developed visual, auditory, and perceptual skills, for example,
the child is handicapped in his/her ability to cope with traffic. These
precise developmental handicaps are the focus of this chapter. The chapter
begins with a developmental overview of the preschool child, aged two through
five.

I. DEVELOPMENTAL PROFILE

The young child aged two through five is at a stage in his/her development
where the immediate and the apparent absorb the child's attention. To
theoreticians who have attempted to describe this stage of development fin
terms of qualitatively maturing cognitive structures, the young preschool
child is at a point where symbolic imagery is becoming the focus of his/her
attention. Piaget (1952) terms this point in the child's development
“preoperational"; Bruner (1973) has named this stage “iconic."
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The young child, at this point in life, is suddénly aware of a world of
'symbols. Language, play, and dreams all refleét this newfound cognitive
growth. To the preschool child who has heretofore been confined to his/her
immediate space and present perceptual situation, symbolic functioningl/'can
open up new worlds of exploration.

Through the acquisition and utilization of 1anguage, the child can create
a wbrd to stand for something even when that obje¢t is not present. At first,
a child may'pick up a stone and declare that 1t'1$ an insect. Should,
however, someone come along and walk on the stone or cast it aside, the child
will most likely be upset that someone has injured the insect (Elkind, 1974).
Slowly, the child begins to gain an understanding%that words and symbolé can
be distinguished.

Through play, the child becomes absorbed in s&mbo]ic 1mages. for the
first time, imaginary play is experienced. The ch11d may put together blocks
and show the parent the rocket ship that has been produced. Or the child may
create a friend named Ralph with whom the child can talk over the events of
the day. ' : ﬁ ' '

Also, for the first time, children report theioccurrence'of dreams and
nightmares. Dreams, 1ike other symbolic images for the child this age, appear
to exist on their own. To the child, the dream is real and the events
depicted in the dream happened )Just as dreamed, eQen though the dream may
contradict known truths. The 1ine between reality and dreams s1ips back and
forth.' V }

While this new stage of symbolic thought fis ekciting and growth—  _
enhancing, 1t poses many pitfalls for the child in terms of what we would call
rational thinking. As Elkind (1974) indicates: “...This new capacity for
representation which loosed the infant from his eéocentrism with respect to
objecté;.nou ensnares the preschool child in a neﬁ egocentrism with respect to

l/Symbolic functioning (Piaget, 1962) refers to the child's ability to
create a mental image to stand for something th?t s not present.
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symbols (p. 76)." Ffor the young child who isgrowing and testing the
environment, these limitations are but a step in the process of learning and
not a problem but a learning challenge. But to the young child exposed to the
dangers of traffic, these 1imitations are indeed a problem--and oftentimes a
danger. These limitations that impact on the child in traffic are briefly
summar ized in the following sections.

I.A. Egocentrism

Preschool children are characteristically egocentric. To the child,
everything in the environment is viewed from his/her perspective. According
to Piaget and other theorists, the child is usually incapable of understanding
another's point of view since he/she believes that everyone shares his/her own
point of view. Piaget (1954) describes the child's perspective on the world
in this way:

The child represents the universe of himself as a
large machine, organized by whom he does not know,
but organized with the help of adults and for the
sake of men and particularly children ... . The

child is the center ... adults are there to take
care of us ... animals to do us service ... the
stars to warm us and give us 1light, plants to
nourish us ... . (pp. 337-338)

The egocentric child is placed at risk in traffic. Because he/she thinks
that the world centers around him/her, he/she does not feel a need to assess
the traffic situation before running across the street. The environment fis
there to serve him/her. Likewise, the child is not concerned with what
actions the driver of an approaching car might take. The driver is there to
serve him/her as well.

[.B. Transductive Reasoning

The thinking of the young child differs radically from that of an adult.
Whereas adults tend to think either inductively (going from the specific to
the general) or deductively {going from the general to the specific), young
children do neither. Their thought is described as transductive, 1.e., going



from the specific to the specific. The child, it seems, makes no attempt to
link any specific thought to a generality. Piaget (1951) gives this example
of the way transductive reasoning operates:

At 2 years, 14 days, Jacqueline wanted a doll
dress that was upstairs: she said “"dress" and
when her mother refused to get it (she said)
“Daddy get dress." As I also refused, she wanted
to go herself “to mommy's room.“ After several
repetitions of this she was told that it was too
cold there. There was a long silence, and then
(she said) "“Not too cold." (I asked) "Where?*
(She said) "In the room.” “Why isn't it too
cold?” (I asked) (She said) “Get dress."
(pp. 230-231) ;
;

Transductive reasoning, it has been noted, occurs when children attempt to
assume causality between events when none exists.: for the child in traffic,
this means that the youngster may not understand that a driver has to see him
or her before stopping the car. To the child, actions do not grow out of
causes, so the toddler cannot make judgments about how to act safely when

crossing the street.

I.C. Centering

As the preschool child is working at the tasks of reasoning, he/she learns
how to center, i.e., to concentrate on a single outstanding characteristic of
an object while excluding all other features. HWhile this process is an
important step in learning how to think intu1t1vé1y, i1t has the potential for
handicapping the child's perception of an object$ Centering often ieads to
confusion when the child excludes an importiant feature from his/hze
perception. This example from Richmond (1971) 1ilustrates:

[n an experiment the child is given 20 wooden beads, 18 of which are nrown
and two of which are white --

ADULT: Are there more wooden beadads or more brown be.q-?
CHILD: More brown ones, because there are two white .res.
ADULT: Are the white ones made of wood?

CHIlLD: Yes.
ADULT: And the brown ones? . ﬁ
CHILD: Yes.

ADULT: Then there are more brown ones or more woodenn onhes?
CHILD: More brown ones. {p. 38)
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The single-mindness on the part of the child can place him/her in a
precarious position in traffic. There is no guarantee that the object of the
child's attention in crossing the road will be one that is relevant to his/her
safety. It is perfectly likely, for example, that the color of an approaching
car will be of more interest to the child than the fact that it is moving
toward him/her.

1.0. Inability to Conserve

Conservation, according to Piaget (1970) is the ability to recognize that
a quantity remains the same even though its form might change. This concept
of "permanence within apparent change®” (Elkind, 1974) applies to weight,
substance, length, number, volume, and space.

Piaget has performed many classic experiments that illustrate the young
child's inability to conserve. 1In one example, a child is presented with two
equal size balls of clay and asked if they are the same size. The child
concurs that they are. The experimenter then takes one of the clay balls and
in front of the child rolls the ball into a sausage shape. The child is then
asked to examine both objects of clay to decide if they are the same size.
This time the child will report that one of the objects is larger than the
other. If the child is then asked if any clay has been taken away or added
from the original two balls, the child will say "no." The difference, the
child will note, stems from the fact that one of the clay forms is longer,
wider, or taller.

Inherent in the child's inability to conserve is his/her lack of
understanding of the concept of irreversibility. Preschool children are not
as yet able to understand that every logical operation is reversible.
Phillips (1969) gives this further i1lustration of the child's lack of
understanding:

A four-year-old-boy is asked --

"“0o you have a brother?" He says, "Yes."
"What's his name?* "Jim."
"Does Jim have a brother?" "No." (p. 61)
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Again, the child's limited reasoning powers m@y pose ;\tﬁreat to him/her
in traffic. Unable to conserve or to understand the concept of irreversi-
bility, the child faces added risks. The young girl spying an approaching car
in the distance may not understand that the small . car which seemed static 1s
actually advancing toward her as it grows larger in size. Or a child may look
at two parked cars and realize that they are the same size. When one car
leaves the parking spot, though, and backs out beﬂ1nd the still-barked car,
the youngster may no longer perceive the car as being as large as he first
thought it to be. ’

I.E. Distortion of Reality

!
i

As already noted, the young child who is just@beginning to grasp the
concept of symbolic functioning often drifts in abd out of a world of
fantasy. Stones may be insects, blocks may be rdkkets, and dreams are fact.
Nothing to the young child is inner or subjective; all thoughts, dreams, and
deeds share a common reality. ?

for children in traffic, this poses a tremendous danger. The child who is
playing a game may incorporate the approaching cir as an object in his/her
game. Or the child who plays policeman may think that he/she has the power to
stop traffic. The dangers of traffic are not anj more real to the child than
the fantasy in which he/she is presently engagedJ

Taken together, i1t can be seen that the preoéerat1onal child is limited in
his/her capacity to understand and cope 1in trafffc. The symbolic functioning
which characterizes his/her thoughts, puts him/hér in a precarious position in
traffic. In the remainder of this chapter the l?mitat1ons that are placed on
the child in traffic because of his/her dpve]opmgntal immaturity are explored.

?
REVIEW OF SPECIFIC CAPABILITIES OF PRESCHOOLERS
! |

In this section the relevant capabilities oijoung children to deal
directly with the traffic system, and their ability to learn how.to interact
with this environment are reviewed. While few c?pabilities can be classified
exclusively as one type or another, somewhat arbitrarily, vision, auditton,

1
|
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attention, spatial relations, distance, velocity, causality, motor behavior,
reaction time, hazards/risks and short-term memory have been targeted as
topics dealing primarily with the traffic environment, while rules,
left/right, vocabulary, traffic signals, communication, logical reasoning,
logical operations, crossing judgment, route planning, and long-term memory
are dealt with as topics dealing primarily with educational concerns.

IT. TRAFFIC RELATED CAPABILITIES

II. A. Vision

Specific visual perceptual capabilities place the preschool child at risk
in traffic. During the first few years of 1ife the visual system undergoes
impressive changes. Although certain parts of the eye, like the lens,
continue to grow through the 1ife of an individual, most of the ocular
structures are complete around age seven. Throughout this period the young
child is not only learning to perceive the surrounding environment but is also
learning to perceive it while the physical structures of the eye are changing.

The growth of the eye is closely related to the growth of the brain
(Warwick, 1976). From birth to maturity, the eye grows 3.25 times its initial
size while the brain increases 3.76 times. The body itself will iIncrease an
impressive 21.36 times. Because the young child's eye is shallow, he/she is
typically farsighted. As the eye becomes more spherical in the first several
years, the lens, which focuses light on the retina, flattens as it is pulled
into an ever-widening circle by the ciliary body. These specific changes are
responsible for the development of the capability of accommodation, the
process of focusing the image by adjusting the thickness of the lens.

Until recently, behavioral measures of young children's visual acuity
estimated that adult efficiency developed anywhere between two to seven years
of age (Newman, 1975; Illingworth, 1975). These tests showed that the acuity
of preschool children fell in the range of 20/200 to 20/400 (where Snellen
20/20 corresponds to the normal adult ability to resolve one minute of visual
arc). The difficulties involved in testing young children ied some
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researchers to turn to psychophysical techniques 5n‘order to circumvent the
probiems inherent with behav1oral tasks for children ‘These technigues have
s1gn1f1cantly lowered the age of visual: acuity efficiency as occurring at two
to six months of age.

- |

The most promising technique uses Visually Evoked Responses (VERs), also-
called Visually Evoked Potentials, to chart the development of children's
visual capacities. The VER is an averaged record;of cortical activity that
occurs when an individual views a visual stimulus. It is assumed to reflect
the activity of retinal receptors, particularly the faster response latency of
the cones (Berg & Berg, 1979). Electrodes are placed on the occ1p1tal cortex
to pick up positive and negative potentials which are averaged over many
trials by a computer to yield a wave form response - The VER can be used to
measure the eye's sensitivity to different. spectral wavelengths (hues) and to
measure visua1 acuity as well. ,

Harter and Suitt (1970) traced the changes in VERs in one. infant to
differently sized patterns beginning in the f1rst§month of>l1fe.‘-From’the
thirty-fifth day on, successively sma]ler check sﬁzes,elicited the .greatest
response until an adult's inverted U pattern appeared at about 2.5 months,with’
a peak corresponding to that found in adults with§20/250 acuity.. The same.
technique was used by Sokol and Dobson (1976) w1€h,15 infants ranging in age
from two to six months. They found that the peak?response'declined with age
and became near ly identical to the inverted U pattern of 20/20 adults by the

age of six months.

~ Instead of matching infant functions to adu]t ones, Marg, freeman,
Peltzman and Goldstein (1976) measured the threshold act1v1ty of infants
directly by eliciting optokinetic nystagmus (1.e. u an involatory jerk1ng
movement of the eyeball caused by looking at moving objects) to bar gratings
of various sizes. When gratings are very small, &hey appear to form a
homooeneous gray field. As they become larger, however, a point 1is reached
where the bars become individually discernable and if they are made to appear
to move, will elicit reflexive tracking eye movements The threshold is taken
as the highest spatial frequency (smallest sized bars) that elicits a response

!
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clearly different from that of the gray field. Infants showed rapid
improvement in the first two months and reached adult levels by four to five
months.

These psychophysically based studies indicate that the visual system is
better developed and at a substantially eariier age than previously thought.
Although specific ocular structures continue to grow throughout the preschool
years, the primary receptor portions are established during the first 6
months. Continuous refinements will be made during the following years as the
child learns to deal with the visual cues provided by his or her growing
system.

Numerous studies show that children have a difficult time when it comes to
choosing the key elements in their visual world (Day, 1975; Walk, 1978). Very
young children rarely scan the visual field in a meaningful way; in fact,
infants usually show a very disjointed pattern of inspection. By age six,
this awkwardness gives way to scanning that focuses mainly on the highly
informative parts of a figure searching these informative areas more quickly,
efficiently, and thoroughly.

The scanning patterns of three-, four-, five-, and six-year-old children
were photographed by Zinchenko, Van Chzhi-tsin, and Tarakanov (1963) while the
children inspected patterns that they were asked to either familiarize
themselves with or to identify. The youngest children showed very little
activity during familiarization, since their fixations tended to cluster
around the center of the pattern where the camera lens was located. The
four -year-olds began to 1ink up fixations around aspects of the figure and to
use sweeping movements covering the entire surface as well. The
five-year-olds continued these trends except that they examined the salient
features more completely and systematically. The eye movements of the
Six-year-olds followed the entire contour in an exhaustive exploration of the
most informative aspects of the fiqure.

When it came to the recognition task, however, these patterns changed.

The three-year-old children made large sweeping movements that often led them
beyond the figure's contours while the four-, five-, and six-year-olds were
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content to fixate only a limited number of features ‘As the children
tncreased in age -their search time decreased, the number of eye movements
increased, and the number of identification errors was reduced. Zaporozhets
(1965) conf irmed tnese results.

The scanning strategies used by three-,‘f1ve—,fsix-and-a-half and
nine-year-old children who were asked to make samegor different judgments of
windows in two houses were 1nvestigated by Vurpillbt (1968). Some of the six
windows in each house had curtains, flowers, or other distinguishing features
while others did not. The children used markedly;d1fferent strategies that
led to different success rates. The youngest chitdren looked at only 6 or 7
of the possible 12 windows before giving their judgment regardless of whether
the houses were the same or different. The older ichildren, on the other hand,
were able to adapt their strategies to the task. ?Hhen the houses were the
same they inspected all of the windows. When thene were differences, however,
these children ceased their inspection when they tocated the difference.

Since the two older groups performed very similarly, this suggests that adult
: efficiency 1s acquired at the earlier age.

t

The scanning techniques used by six-year-old tht]dren was compared to
those of adults by Mackworth and Bruner (1970). 'Hhen adults'needed_to _
comprehend a picture they usually used horizontal‘eye}movements and- 1ingered
at each fixation longer. If the nicture was blur}ed..adu1ts of ten developed ‘
verttcal movements especially during the period when they were trying to
identify the picture. Children, on the other hann,}never used vertical
movements. Thelr more numerous eye movements were $horter and most-
importantly, they were inconsistent in the way tﬂey scanned a picture. They
rarely returned to the same featureS on subsequentlﬁnspections.' Whereas
contour effects were unimportant for adults, some cn1ldren concentrated on the
outlines of well focused pictures particularly if there was a high contrast
patch of color. ;
. .§

Visual scanning patterns used by young children show other regular
depaftures from those of adults. Children rely élmost solely upon central
foveal vision without taking in peripheral 1nformat10n. Whereas adults take

udvantage of this source to guide future eye movements. children typically do

i
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not begin to utilize this source of gross visual information until they begin
to read (Gibson, 1969; Rosinski, 1977). This tendency has been called "tunnel
vision" (Yoshiyuki, 1978; Miller, 1969).

There is a steady decline in the length of children's fixations with age
in addition to the rise in the number of eye movements. Fixation duration is
assumed to represent the time taken to process a given piece of information
(see Day, 1975). In the Mackworth and Bruner (1970) study six-year-old
children very closely resembled adults in this category.

Finally, visual scanning is influenced by the degree of familiarity with
the figure. Initially, the number of eye movements increases but then they
decline. Whereas the three-year-old children in the Zinchenko et al. (1963)
study initially made very few excursions from the center, familiarization with
the picture increased their eye movements until they were approximately equal
to the number made by the six-year-olds. Subsequent presentations of a
stimulus enhances eye movements only up to a certain point, after which there
is a decline with additional viewing.

The most important aspect of perceptual learning according to Eleanor
Gibson (1969) 1is specificity. “"The criterion of perceptual learning is thus
an increase in specificity. What is learned can be described as detection of
properties, patterns, and distinctive features® (p. 77). Early data presented
by Gibson in support of improved discrimination skills with experience rely on
artifically constructed stimuli like ‘'scribbles’' which differ in the number of
specific transformations or distinctive features. Children in the four to
eight year old, age range consistently make more identification errors and
improve less with practice than do older children and adults. Improvement
occurs because the distinctive features which allow discrimination between
objects are learned through experience.

Evidence from electrophysiological studies of single unit recordings in
cats, rabbits, and monkeys show that the visual system has built in feature
detectors (see Barlow, 1972). The painstaking research of Hubel and Wiesel
(1959, 1962, 1965a, 1965b, 1968, 1970) has indicated that the specificity of
receptive fields at the retinal, ganglion, and cortical levels is the norm,

45



not'the exception. Receptive fields have been fourd which respond to
particular arrangements of stimuiation 1ike bars, Straight edges, dark

circles, light circles, and to stimulation from either eye or from both. Soﬁe
are so specific that.they will not register a stimulus unless the or1entat1on '
is prec1se '

Experience can alter the normal neural organizetion. In a series of
exper iments Hubel and Wiesel (1965a) and Wiesel and Hubel (1963, 1965) found
that abnormal visual experience such as unilateral@eye closure, surgically
induced strabismus, or alternating monocular occlusion, which prevents the
simultaneous use of the eyes, produced an abnorﬁaljgroup of cortical cells.
Indeed, abnormal experience was the most powerful ﬁf it occurred during a
critical beriod of development extending from the‘&h1rd to twelfth weeks in
cats. Furthermore, kittens who were reared with the two eyes exposed to
different stimuli, one to vertical bars, the other, to horizontal bars, showed
an orientation selectivity in the corresponding refeptive fields (Hirsch &
Spinelli, 1970), Kittens who viewed only horizontal or vertical bars had no
neurons sens1t1ve to the other orientation (Blakemore & Cooper, 1970).

| |

These neurophys1o]ogica] findings support the 1dea of feature detectors
embedded in a preexisting neural organization, wh1ch can be modified by
experience so important features of the environmenﬁ,receive the maximum
cortical representation. 1'

Although the retinal.and neural mechanisms of color vision are present in
the infant, the young ch11d s abi]ﬁty to perceive color as a perceptual
dimension is developmental. Over fifty years ago Brian and Goodenough (1929)
showed that children under the age of three rarely used color as a basis for
categor1zat10n Between the ages of three and s1x however, children
preferred color to form, but this preference reversed after the age of six
when color was less important again ‘

The ability to understand color terminology affects young children's
ab111ty to hse color as a differentiating d1mensi&n.' Cook (1931) found that
half of the_twoéyear-o1ds who could match objects by color could name the
cb]ore correctly only 25% of the time. By the agefof six, 97% of the children

1
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could match by color while 62% of them could accurately identify the color.
The ability to abstract color as a property appears around the age of three or
four years (Vurpillot, 1976). Before that time a child may very well be able
to talk about a "blue ball" or to identify a particular blue jacket. If asked
to indicate something else that is blue, however, the young child fails. At
this point color is inextricably linked to the object 1tself and cannot be
separated from it for a few more years.

Interestingly, there may be sex differences in the use of the color
dimension. Kagan and Lemkin (1961) found that children aged three to nine
preferred to sort geometric stimuli on the basis of form, not color or size.
Size was rarely used. Younger girls were more likely to use color than older
girls but there were no differences among the boys. The boys, however, were
more apt to use color than the older girls. This trend was very weak, because
if the test stimuli eliminated form, but permitted color and size, one-fifth
of the children said that they did not know what the answer was. The authors
suggest that the sex differences could be attributed to the greater verbal
skills of the girls who could attach other labels to the stimuli.

By the time children reach the age of twelve they are adept at using color
cues to aid in visual search tasks. Day (1978) found that all of the children
in her study between seven and twelve years of age had reduced search times if
color cues were provided. The older children benefited the most in terms of
both speed and accuracy of identification at a rate approximately double that
of the 20 percent improvement of the seven-year-olds.

The Kagan and Lemkin study indicated that very young children do not
understand the concept of size. Part of the difficulty stems from changes in
the physical structure of the eye brought about by growth (Bower, 1977). An
object seen by both an adult's eye and a child's eye will appear smaller to
the child because it projects a smaller retinal image in the child's shallower
eye. Retinal size alone, however, does not determine size perception. Otﬁer
sources of information include those important in distance perception,
including convergence, binocular disparity, motion parallax, optical expansion
and textural occlusion.
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_V_Convergence is the only growth-related source since it is a function of .
the distance between the eyes and the angle they make when fixating targets at
different distances. As interocular distance increases, it necessarily alters
this angle Closely related to convergence is binocular d1spartty which '
refers to the different images projected onto the two retinas by the same
object. Motion paral]ax and optical expansion p1ck up apparent movement
information between two objects in the distance by movement of the head or
movement of the objects, respectively. Textural gradient information depends
upon knowledge of the differences of various textures (rough concrete vs. a
smooth app]e) and the way these textures change with distance.

Young children have access to these various sources of size information,
many of which are independent of growth changes. Do they make use of them?
Almost half a century ago, Thrumm (1935) showed that among children two to
four and-a-half years of age, those under the agegof three could not
discriminate among objects on the basis of size. | Above this age, however,
children indicated a grasp of relatjve size. Theﬁconcept of largest was the
most successful with a discrimination rate of 88 bercent, followed by smallest
(68%) and finally mid-sized (48%). g

The size judgments made by young children bet#een three and five can be-
altered if rewards are closely associated. Lambert and his colleagues (1949,
1953) found that children perceived tokens to be ﬁarger if they had been
1mmed1ate1y connected to a candy reward than if the token was given long
before the reward. ‘ ' - 1

.Young children have trouble differentiating the various parts that make up
a perceptual whole figure. On the one hand, they will identify an object on
the basis of just one of its elements, and on the other, they will judge that
two objects are identical because they each have a certain element (Vurpillot,
1968, 1976). Stimulus properties play a critical role in the problem, for if .
they favor perception of the whole, then the whole figure is more likely to be
perceived. If, however, the component parts areﬂoominant, then the parts will
beAseen. This latter was the .case for the youngegt children h
(four—and-afhalf-years of age) in a study by Elkfhdg Koegler, and Go (1964)

' - ]

4
48 ‘ i



where 71% perceived the parts. With each additional year, this percentage
declined until at age nine, the age at which 79% of the children perceived
both the parts and the wholes.

Adults can readily perceive both the whole and its configural parts
simultaneously. Rand and Wapner (1969) suggest that younger children are
unable to do this because they find it easier to abstract just one aspect than
to handle the entire complex figure. The eight-year-olds in their study were
less able to perceive embedded figures than were older children.

Thus, it is the perceptual processing component rather than the
physiological aspect of the visual system which creates perceptual problems
for the preschool child. Although ocular structures continue to grow until
maturity, the basic functions are well established much earlier than
previously thought. The preschool child certainly has access to the visual
cues that help us order our environment. The problem is that there is very
1ittle order in the way a young child searches the environment for salient
features or for that matter, in the choice of which features are the most
informative until about the age of six. Although many improvements will yet
take place, by this age a child begins to resemble efficient adult patterns in
the way he/she abstracts information from the environment.

IT. B. Audition

Another sensory system which affects the preschooler's ability to safely
interact with the street and traffic environment is audition. There are a
number of auditory cues which can potentially alert a young child to oncoming
vehicles (tire noise, engine noise, etc.) or immediate danger (skidding tires,
honking horns, shouts, etc.) if the child is able to detect and process the
information appropriately. This section will deal primarily with the
detection issue, although the processing issue will be addressed here and in
subsequent sections as well.

Experimental research on audition indicates that sensitivity to sound is a

developmental capability. Approximately 5,000 children from the Pittshurgh
area were given a variety of hearing tests which included tests for
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senSffivity (Eagles, Wisnik, Doerfler, Melnick &‘tev1ne. 1963). The
researchers found that sensitivity increased through age twelve and then
declined thereafter. This pattern was particularly true for the lower sound
frequencies, although there was a remote possibility that this finding was due
to a:methodological problem of earphone leakage. Sex differences in hearing
sensitivity were also detected, as»g1r1s were more sensitive to all hearing
levels (except 250 cps) with the difference peak1eg at 2db at 6,000 cps.
While it 1s unlikely that such an auditory difference would account for the
previously reported sex differences in child accident rates, it is one more
factor which may contribute to the risk boys face?as pedestrians. These
researchers also examined left-right ear sensitivity and found differences of
less than 1 db. j

;

Additional research indicates that the'aud1toﬁy Sensit1v1ty of the two
ears varies depending upon the type of stimulus. jK\mura (1963) examined 145
chi]dfen aged four through nine. She exc luded these'children who.were hearing
impaired or left-handed (25 children) and then presented each ¢child with a
series of digits via earphones. In each case, d1ﬁferent ears were sent
d1ffe{ent digits simultaneously. Children were a%ked to report all the digits
they had heard. While memory could obviously affect the results, it should
not account for the fact that the digits presented_to-the right ear of the
children were more accurately reported than thosefto the left ear. Boys also
scored lower than girls at the early ages, but thére was no ovefa]l sex
effect. The findings are interpreted as suggesting that the left hemisphere
of the brain is dominant for speech perception by ‘age four, and thus the input
to the right ear would be reported better. i

Ina later study with adults, using both digits and melodies separately,
this right ear effect was replicated with dig1ts,\and as predicted, me]odies
were reported correct]y more of ten when presented\to the left ear (Kimura,
1964). It has been speculated that this d1fferent1a1 sensitivity between the-
two ears may affect the child s preference for positioning himself or herself
in space, i.e., that the child would be positioned to allow the right or left
ear to receive part1cu1ar stimulation (Newman & Newman 1978).
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, Bower (1974) has suggested a model for auditory localization to explain
how a child uses auditory cues to locate objects in space. He states that
there are three dimensions of stimulation used in this process: time
difference of the onset of stimulation at each ear; phase differences of the
sound wave at each ear, and.intensity differences in each ear. While adults
can and do use these methods to locate sound sources (Stevens & Newman, 193b6),
it has not been clear that children do, since the distance between ears 1is
critically important, and infants and children have less such distance than
adults. Infants can identify sounds straight ahead, or to the left and right
under this model, but the other positions are identified by experience.
Research designed to test these predictions using infants under six months of
age supported Bower's model (Bower & Wishart, 1973). Further, the results
indicated that auditory motor accuracy in these infants was less than visual

motor accuracy.

Sandels (1975) has conducted research more directly relevant to the
traffic situation for children. She asked about the relative ability of
children and adults to locate the position of a complex sound in a horizontal
plane, and whether some positions were easier for children to localize than
others. Subjects were 40 six-year-olds and 40 adults, with an equal sex
distribution; all subjects without normal hearing were excluded. The sound
used was thdt of a car approaching, driving past, and away. It lasted three
seconds, and was presented from 1 of 12 loudspeakers surrounding the subject.
The subject was to identify the direction of the sound. |

Children did nbt‘perform as well as adults on this task; they had fewer
correct responses and greatef error dispersion. The easiest positions (using
a clock face with 12 as the straight-ahead position) for children were 12, 11,
1 and 6. Adults could also identify 3, 4, B and 9. There were no left-right
differences overall, but children, as opposed to adulfs, made more left-right
errors. The most frequent errors were within a 30 degree range left or right
of the correct position. As Sandels points out, there are two types of errors
which could affect thelihterpretation of these findings. Children, and to a
lesser extent adults, may have incorrectly identified the location of the
sound, but pointed to the correct position inadvertently, or they may have
correctly identified the sound but pointed to the incorrect location.
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Although the experiment did not account for these errors, it is readily
apparent that children do not perform as well as adults, despite-the fact that
previous evidence (Eagles, et al., 1963) shows that hearing sensitivity
declfned after twelve years of age. Given their greater hearing sensitivity,
it ahpears that the processing aspect, rather thah the sensory aspect, is the
Timiting factor for children and thus Sandels' research supports Bower's
(1974) position that experience plays a key role 1n the ability to localize
sound accurately. Sandels cites other support for this position as well:
Gibson (1968a), who believes that children se]ectidifferent sounds than adults
to attend to, sounds which may provide them with new information or which may
momentarily attract their attention, but which may be totally irrelevant to
the1r-situat10n, and S1eganthaler and Barr (1970» who also feel that
sensitivity is not the issue, but that experiencé, training, and development
of the nervous system result in the better percedtion of sounds.

‘While there have been a number of other studﬂes dealing with audition in
children, as with vision, most of the work is wiﬁh infants. Researchers are
continuing to demand further research, particu]aﬁly'because'the methodology
and equipment continue to advance. White (1975):feels that precise hearing
levels can now be tested accurately at three and . a half years of age, and he
also states -that children can accurately localize sounds as young as three,
four, or five months of age.

In a previous review of children's capab111t{es,regard1ng their ability to
copé with the traffic systém Avery (1974) wiihhéld judqment regarding.
evidence for auditory development during ch11dhood Hejcited Kidd and Kidd
{(1966) as providing divided literature and calling for further research,

While Kidd and Kidd did note a trend for greater[auditory acuity and pitch
discrimination with age, suggesting the importance of maturation, they did not
include the work by tagles, et al. (1963) in their review. Instead they used
~ a number of earlier works. The more recent work indicates both the
developmental/maturational aspects of auditory dévelopment and the importance
of experience as well. -

|

One other study worth citing in this section indicates the irony of the
situation in which society has placed many children. There is evidence that
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one of the many skills chilidren need to survive in the traffic situation,
hearing, is diminished by the noise from that very environment. For children
1iving in high-rise buildings near expressways for four or more years, the
lower the floor level of their apartment, the lower their auditory
discrimination (Cohen, Glass, & Singer, 1973). The researchers verified that
the sound levels were correlated with floor level, with the lower floor levels
receiving the most traffic noise. Even controlling for social class level,
these effects remained, although somewhat diminished. The apartments had a
very restricted SES range and minimal price variation, so it is unlikely these
factors affected the results, although traffic noise itself cannot
conclusively account for these effects.

Thus, for the population of concern to this effort, birth through
five-year-olds, it appears clear that limited auditory powers and limited
processing ability place them at risk relative to older children or adults.
Since sensitivity peaks at about age twelve, the age range of concern is still
far from optimal sensitivity. Further, as Sandels (1975) has shown, even
six-year-olds have problems localizing sounds. Even if one compensates for
the fact that her subjects could not turn their heads as they might under
normal circumstances to aid sound localization, it is highly likely that in
the traffic situation preschoolers are still going to lag far behind adults
and six-year-olds in this capability, and therefore, additional steps will be
required to adequately protect this population.

II. C. Attention

Attention is another important capability in terms of children's ability
to deal with the traffic situation. Vinje (1978) feels it is important in two
ways: (1) while watching out for traffic the child must keep his attention on
the task long enough; and (2) during other activities the child must always be
mindful of when he/she crosses into the roadway. In his review of the
Titerature Vinje concludes there is "no reason to suppose that the attention
spén of young children would not be enough” (p. 11) to do the former and then
goes on to discuss the importance of selective attention for the latter. We
feel it may be more prudent to conclude that children cannot attend to this
task successfully unless there is clear evidence to the contrary. Ffurther, it
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will be important to specify the specific age rangé referred to since the term
"young children® could clearly encompass a broad age level. O0lder and Grayson
(1974) present evidence to point out the extent of such attention failures 1n
a paper presenting a conceptual analysis of the pedestrian task. On the basis
of interviews conducted with pedestrtan accident victims in England, they
report that 70% of the adults (fifteen years old dr over) did not see the
vehicle which struck them, and over 60% of the children did not see the |
vehicle they collided with. Further, 39% of all éhildren showed a complete
lack of attention by not looking at all before they crossed. For the birth
through four ages, this rate was 50%. Older and érayson conclude that lapses
of attention, rather than failures of judgment, are the main factors
influencing the behavior of both children and adu]ts. Further, on the bas1s
of time lapse films of children and adults and on the basis of the safety gaps
that these groups accept, they conclude that the younger age groups are less
efficient information processors, since they requhré more time to reach a
decision and act upon it. Thus, both low attentibhlleve]s and less efficient
processing can clearly combine to create a hazardpus situation for.
preschoolers in a traffic environment. J

'Vinje (1978) speaks of the importance of seléctive attention for children
in traffic, meaning the control of information pﬁocessing so that sensory
input is perceived or remembered better under Some c¢ircumstances than others
according to the desires of an individual (Schneider & Shiffrin, 1977). Vinje
states that selective attention exists from birth on but in a limited state
and then discusses the developmental sequences proposed by Wright and
Vifetstra (1975). They believe that by age four children are especially ‘i
attracted to new stimuli but cannot control theif attention adequately. By
five'years, there is more control, although 1rreievant but salient information
s still attended to, particularly color, form, novelty, and surprise. By age ,
six or seven children can differentiate between occasions for playful : . ’
curiosity and situations requiring a systematic search. Only by about eleven i
years of age is a real focusing upon relevant 1nformation and ignoring of
irrelevant information found (Wright & Viietstra, 1975). Vinje points out how
nicely those data coincide with data from Luria (1973) regarding the final
level of maturat1on at about twelve to fifteen years of age, of: the frontal
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zones of the brain, an area which is "beginning to play a more intimate part
in complex and stable forms of higher, voluntary attention* (Luria, 1973,
p. 210).

Wright and Viietstra (1975) believe that exploratory behavior is distinct
from, but a necessary precursor to and stimulator of, systematic search
behavior. They compare their views with White's (1965, 1966) model that
posits developmental changes in exploratory and search behavior as shifts from
associative levels of response to cognitive levels by about five to seven
years of age, concluding that their model is compatible with his model. After
reviewing dozens of studies dealing with the development of selective
attention, they conclude that the long-term development of selective attention
is actually a gradual change in the relative frequency of the two modes of
behavior (exploratory and search). Further, each major advance in cognitive
development depends upon the availability of appropriate and orderly
information which, in turn, depends upon the child's growing ability to engage
in selective and appropriate Information-getting transactions with his/her
environment. Thus, as with audition and vision, experience plays an important
role in the development of this capability. Further, preschoolers have yet to
approach the peak levels in any of these capabilities.

In research more directly related to the traffic environment, Coote (1976)
examined what happened to 30 five-year-olds and 30 twelve-year- olds when they
were forced to divide attention between a motoric activity (putting matches in
a bottle) and a visual activity (watching for flashes of a torch globe).
Five-year-olds had considerably more difficulty dividing their attention on
this task, implying that the motor activities involved in pedestrian behavior
would hinder young children in watching for traffic. Risk (in this case the
threat of stopping the game and thereby losing the dollar payoff) seemed to
have no implications for traffic-related attention.

Another study examined which aspects of the traffic situation children
attend to (Gunther & Limbourg, 1976). The aspects most often attended to were
those least relevant for the traffic task, e.g., animals present, children
playing, ice cream trucks, etc.
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Although there are a variety of theories dea]ing with the role of
attention in a child's development, all leave litt]e doubt that 1t is of major
impor tance (Hetherington & Parke, 1979)._ One position is held by enrichment
theorists, like Piaget, uno propose that each time a child perceives an object
he/she learns a 1ittle more about it. With experience, information is added
to the existing schema of an object, and it becomes more elaborate and
detailed. Sensory input needs to be modified and enriched by information from
other schemata. As this enrichment process occurs, the child is better able
to discriminate among objects.

Differentiation theorists (e.g., E. J. Gibson, 1969) emphasize sensory
input as a rich, not meager, source of informatidn. Rather than enrichment
through schema, the child has to attend to, identify, and discriminate
features of objects in a complex sensory stream.i With experience, the child
makes increasingly fine discriminations and also| ‘becomes aware of invariants,
characteristics of objects which don't change under different conditions.. For
example, the child will know that a disk is round even if it is viewed from
the side. . ’

!
i

Flavell (1977) has suggested four deve]opmental changes in attentiona]
processing by children: (]) shifts in control of attention, (2) adaptability,
(3) planfulness, and (4) deployment of attention over time. Control is
important because all features of an object are not equally. important, and it
is necessary to attend to the relevant information, not to irreievant
information. Young children can do this for on]y very brief periods of time.
However, they can be trained to selectively attend to relevant features of the
environment. Tighe and Tighe (1969), in a study uith 144 first-grade -
children, found those who were given perceptual pretraining (or perceptuai
experience and verbal labeling training) in distinguishing critical features
of an object (e.g., color vs. size) before a discrimination test were,markedlyr
superior to their untrained peers. Children tanialso be taught to increase
the number of objects they attend to (Pick, Chri&ty & fFrankel, 1972).

Children of two ages (second and sixth graders) eompared aspects of objects
under two conditions. One group was informed of?the relevant aspectl E
beforehand,.the other group after the stimulus presentation.;>0vera1]'the.

|

|
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older children had faster reaction times, and the difference in reaction times
was greatest for the older children as well. The results were interpreted as
indicating a developmental trend for greater selectivity of attention.

Adaptability, Flavell's second developmental change, is important because
no one attentional strategy is appropriate for all situations. Older children
are more flexible than younger children in modifying their attention in
response to changing task requirements. Planfulness, the third change,
involves the readiness to process certain selected types of useful information
in accordance with a plan or strategy. This, too, is a developmental
attribute. Even though younger children may appear to use planful strategies,
they cannot report what they are doing as well as older children (Flavell,
1977).

The final change is the deployment of attention over time, as children
become able to process complex sequences of information. This process is
summar ized as follows:

My own mental image of a cognitively mature information processor is that
of a conductor who directs his ensemble of musicians (attentional
processes and resources)--now calling forth one instrument, now another,
now a blended combination of several or all depending upon the effect
desired. I think we do not so much "pay attention" as "play our
attentional system." That 15, we intentionally exploit and deploy it in a
flexible, situation-contingent, adaptive fashion. (Flavell, 1977, pp.
169-170)

Another position close to Flavell's is that of Maccoby (1969). She argues
that: (1) children orient their sense organs more efficiently with increastng
age and experience; (2) the ability to select a wanted stimulus out of a
complex array increases with age; (3) selecting two portions (or more) of a
complex stimulus is more difficult than selecting one and that this skill
develops more slowly during childhood; (4) larger, stronger configurations, or
strongly organized configurations handicap the selective perceptions of young
children more than older children; and (5) with increasing age the child's
perceptions are more dominated by organized search patterns that are related
to sustained plans of the percefiver.
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Thefe are numerous studies which support the notion of_attentioh as a
developmentally acquired skill. Eimas (1969) gave 270 children in grades K,
2, and 4 a simultaneous discrimination task with etther 2, 3, or 4 relevant
and redundant visual cues (color, form, size, presence or absence of
borders). When four relevant cues were present, he found that the various
grade levels could attend to 1, 2, or 3 cues respec&ively. Anderson and Leven

(1976) found that within the two to four age range, ‘younger children could not

attend to television to the extent older children cou]d Pick and Frankel
(1974) found that older children (sixth graders) cou]d modify their attention
more flexibly than younger children (second graders) on tasks requiring
flexible strategies of visual selection. 1

| .
Thus, as Vinje (1978) concluded, there is a laﬁge attentional deficit that

makes young children unreliable in traffic. This is particularly true for
children under five. The use of salient clues to aid training these children
may actually present an obstacle to attending to ré]evant aspects of the task.

II. D. Spatial Relations |

Children's perception of space affects their s?fety in traffic in that 1t
s important for them to know when they are,withidgtheir field of view, where
they are within a driver's field of view,«ahd wheré other key elements (cars,
roads, curbs, etc.) of the environment are located vis-a-vis their location.
Children's capabilities regarding spatial orientaﬁion, 1ike most of the other
abilities discussed in this section, 1mprove’w1th?age. Toddlers begin to

master space in segments, rather than as a totaliiy (Stone & Church, 1968); A

toddler may protest when mom makes a wrong turn or. chooses an unfamiiiar route
on the way to grandma's house. Like "space-biind? aduits, the child may know
' I

many specific Tocations but without understandingjof an overall organization. -

As a preschooler matures, he or she moves slowly away from action-space to

map-space. Maier (1936) had children aged three #o seven learn all the routes -
of a maze and then tested the children for their grasp of the maze ]ayout as a

whole. Such an ability was not present in children younger than age five or
six. Abstract space follows map space and 1nvo]ves the understanding of two
or more dimensions. This ability is completely beyond the 1imits of

preschoolers (Stone & Church, 1968).
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One frequently cited impediment to children's ability to improve their
spatial awareness s egocentrism. Ffurth and Wachs (1974) feel that an
accurate visual perception of space does not take place until egocentrism
declines. Piaget and Inhelder (1956) found that until about age seven
children's spatial concepts were 1imited to their own visual perspective of
the world; i.e., they could not grasp that others in their environment might
have different viewpoints. In this case children viewing a mock landscape
incorrectly assumed that a doll saw what they saw, regardless of the doll's
Tocation relative to their own.

Later evidence suggests that children's understanding of spatial relations
begins earlier than age seven. Shantz and Watson (1970) feel that children
first come to realize that objects and their arrangements look different from
various spatial locations. Next these differences are formatted into specific
object-subject relations, and finally the relations are organized into a total
spatial framework. Their research to investigate the first step of this
process demonstrated that three to five-year-olds will register surprise when
their expectancies have been deceived (i.e., when something should appear
different, but is not). Other evidence indicates that preschoolers make
surprisingly good predictions of the location of objects when the child moves
(Shantz & Watson, 1971; Oison & Baker, 1969).

Although children's spatial abilities are beginning to develop during the
preschool years, it does not mean they can be trusted in the traffic
environment. Vinje (1978) concludes that understanding of the front-behind
dimension does not occur until age six. There is a variety of evidence to
suggest that even the older preschool child cannot accurately predict changes
in the front-behind dimension of visibility, a weakness which can be very
fatal in a traffic situation (Nigil & Fishbein, 1974; Hoy, 1974; Coie,
Costanzo, & Farnill, 1973; Minningerode & Carey, 1974). Using a small scale
model, Gunther and Limbourg (1976) aiso found that four and five-year-olds had
much more difficulty than older children predicting the viewing possibilities
of children and car drivers. In a study designed to determine whether walking
to various viewpoints would jmprove visibility predictions for pres.nhoolers,
Vinje and Groeneveld (n.d.) found inconclusive results; the effects were very
limited, and there was no generalization to other traffic sttuations.
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II. E. Distance Perception

- Children's perception of distance is another skill that affects their
ability to safely interact with traffic. In particular it is important in
terms of judging how far away approaching vehicles are and how far they must
go to get to the other side of the street, so that they can adequately judge
the traffic gap before crossing. This ability a]soire\ates to the perception
of velocity as well. ‘

Adults use a variety of means to judge distanceg. Binocular differences,
the slightly different retinal representation of objects, is one method. If
either the object observed or the observer is moving, the optical expansion,
or rate of size change, can be used. Rotary head mbvements can also provide
cues, as can single eye or painters' cues, such as‘bverlap, texture, density
gradients and perspective diminution.

There is a great deal of evidence to suggest thkt even very young children

are ahle to use some of these means to judge depth%or‘d1stance, Gibson and
Walk (1960) used a visual cliff to demonstrate thaﬂ infants, aged six to
fourteen months, who would eagerly approach their dother on the shallow side
of the cl1iff, would refuse to cross the "deep" side, even with their mother's
encouragement and coaxing. While this study does Qemonstrate that infants can
discriminate depth by the time they can crawl, it is possible that this
ability is acquired through experience. 3
|

‘More recent research involved testing infants ds young as forty-four days
in the -same apparatus. Since premotor infants couId not be expected to crawl,
the researchers used heart rate differences to asséss depth perception. As
hypothesized, the infants placéd on the deep side évidenced heart rate
decreases, supporting the argument that human depth perception, much like that
of kids, lambs, and chicks, is innate (Campos, Langer & Krowitz, 1970). Bower
has also provided results supporting the nativist viewpoint. Infants only a
few days old will show an avoidance response to the distance of an approaching
stimulus, not its retinal image (Bower, Broughfon & Moore, 1970). Six to
eight-week-01d infants would make such discriminatﬂons even with one eye, but
when pictures rather than real objects were used, ﬁhe infants cduld not
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discriminate on the basis of these painter cues (Bower, 1966). Newman and
Newman (1978) review a host of other studies using different methodologies
(fixation time, defensive reactions, and reaching) to examine sensitivities of
newborns to distance cues. They conclude that by two months at the latest,
there can be no doubt that the infant can use distance cues.

Although the ability to perceive depth may be innate, the importance of
experience in maintaining early visual skills should not be underestimated.
Wohlwill (1963) has demonstrated that older children and adults become
familiar with the principles of perspective, and in cases where they think a
- visual 1llusion is present, they will overcompensate distance judgments. In
contrast, younger children less familiar with these principles make more
accurate distance judgments under those circumstances.

There are also distance perception illusions that reflect the effects of
maturation or experience, either decreasing or increasing in magnitude, with
age (Pollack, 1969). Illusions which decrease with age, like the Muller-Lyer
i1lusions (two 1ines of equal length with arrows at each end pointing in or
out), are rendered less susceptible, according to Pollack, because of
increased foveal pigmentation. Segall, Campbell, and Herskovits (1966) report
a similar decrease with age for that illusion, but they argue that the
susceptibility is strongest in carpentered groups, i.e., those who are exposed
to physical settings with lots of right angles. Berry (1971) found that
density of pigmentation and carpentering of the environment were inversely
related. It thus appears that the adaptation of the human body to intense
sunlight in certain environments is related to a style of building, a style of
perceiving, and a pattern of preference for certain environmental
configurations.

Pollack (1969) believes that il1lusions whose magnitudes increase with age,
e.g., the Usnadze illusion (two concentric circles presented successively, the
inner after the outer, with the inner tending to look smaller than it actually
is), are related to intelligence, since it is necessary to use cognitive
schema, memories, and anticipatory responses to create and maintain the
i1lusion.
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Although even newborns have the ability to use distance cues, and although
experience is important for honing these skills, adults do not always perceive
distances accurately. Gibson, Bergman, and Purdy (1955) demonstrated that
althohgh perceived distance increases linearly with real distance, untrained
adults typically underestimate actual distance. Tra1n1ng did improve ahsolute
judgments (57 to 395 yards), but it had little effect on relative
(nearer-farther) judgments (50, 100, 200 yards). 'Ittelson {1951) demonstrated
that one of the major cues adults use to assess dﬁsfance is relative size, but
he found a great deal of intersubject variability in this regard.

i

tarlier mention was made of Bower's (1966) research demonstrating the fact
that infants show size constancy--the ability tofperceive an object retaining
its actual size independent of viewing distance. : Ziegler and Leibowitz (1957)
examined this ability at distances of 10 to 100 feet with seven to
n1ne-year-olds and adults. While adults did demqnstrate size constancy, the
children reached a 1imit at about 60 feet. The qata were interpreted as
supporting a developmental increase in size constancy. Vurpillot (1976)
believes that both distance constancy and size cdnstancy evolve with age and
that as distances increase, the error of estimat?on does so too.

Iwahlen (1974) examined this topic in a traf%ic situation because of its
safety relevance, because errors of distance judgment seemed to be involved in
about 33 percent of the pedestrian accidents andﬁbecause his previous work in
distance perception demonstrated wide 1ntersubjeét variances in this regard.
He used twenty subjects (one-half six to thirteen years of age, one-half
twenty'tb thirty years of age) to test this ability in the natural traffic
environment and under simulated lab conditions a% well. The standard he used
was a 1964 station wagon parked at 200 feet fromfthe observér and the stimulus
was a 1970 Maverick parked at 180 to 210 feet (using 5 foot intervals) from
the subject. Adults and children did not differfin terms of their mean
Judgments, although the younger subjects had laréer variances than the
adults. The laboratory results indicated that.the children used 1less
efficient head and eye movements; more time per @ovement and more time per
fixation than adults. The basic strategies used, however, were the same for
both groups, as they had similar ratios of head ﬁovements to foveal fixations.

/
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Thus, it seems that children have the ability to use a variety of distance
cues very early in life, but that does not mean that they can use this ability
in the typical traffic situation. While there is no data on preschoolers, it
seems that occasionally adults, and even more often older children, cannot
depend upon their own estimation of distances in the traffic situation.
Younger children can be expected to perform less accurately in those
situations.

II. F. Perception of Velocity

Children's perception of velocity requires the use of vision, distance
judgments, audition, spatial perception, and other skills, including the
ability to process this information, and therefore it is not surprising that
this capability also improves with age. Piaget (1970) believes that the
understanding of movement and speed is closely related to the child's concept
of time. A long elaboration process beginning in the sensorimotor period and
working through to the operational period is required, during which time the
child uses six dist1nguishable operational systems. The first four stages
depend only upon qualitative logic; only the last two stages require
quantitative logic, and then only the last step truly involves a thorough
understanding of the concepts and includes the use of or ability to use
measurement with repeatable units.

Vinje (1978), citing a variety of studies (most of which we were unable to
obtain) which generally support Piaget's position, concludes that while
children around eight years of age can compare speeds that are presented
simuitaneously or in rapid succession, they are affected by the order in which
objects move. They do not have a time concept of speed; passing more objects
means going faster, regardless of elapsed time. This passing effect is
stronger when children cannot actually see the movements (Boyle & Gilholly,
1972; Oppenheimer, 1975; Gunther & Limbourg, 1976; fraisse & Vautrey, 1952;
Uruno & Yoshibe, n.d.).
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Vinje (1978) also reports on research that 1ndicates young children do not
have the knowledge to determine the speeds of various vehicles; only 60% of
four to seven-year-old children possessed such knowledge (Hartwig, 1968;
Gorges, 1973). He does not state what types of vehicles were included or the
type of responses solicited from the child.

Environmental theorists include Brown (1931) who stated that perceived
velocity is a direct function of perceived distance and time. This law is
1imited in its generality however, as more recent fesearch found that velocity
is finest when the spatial cue alone is present, 1ntermediate when the
temporal cue only is present, and poorest when neither stimulus relevant cue
is present (Mandriota, Mintz, & Notterman, 1962).133. J. Gibson (1968bh),
another environmental theorist, feels that velocit& judgments need not be
based on only visual information but that they can arise from auditory,
kinesthetic, vestibular, proprioceptive, and other data as well.

‘Avery and Day (1971) provide empirical supporf for this viewpoint. They
used adult subjects to examine the horizontal-verfical (HV) velocity 11lusion,
i.e., an object moving vertically apparently move§ faster than one moving
horizontally at the same physical speed. 'They foqnd that judgments of
contour, length. and moving péint velocity are mostly independent, and they
conclude that the mechanism and processes mediatiqg these judgments are mostly
independent of each other. However, since iehgthﬁjudgments were affected by a
moving point, they feel that there is some 1nteraét10n between these two

processes.

Salvatore (1974), also providing support for éibson‘s position, found that
auditory cues and vehicle size affect velocity judgments and that these cues
may override visual velocity cues. He asked 40 children,»tuo of each sex at
each age level from five to fourteen years of agei to make slow, medium, or
fast judgments regarding vehicle velocity from both 500-foot and 250-foot
observation diétances. Correct judgments of slow;and medium’speeds increased
with age, while correct judgments of fast were inversely related to age.
Younger children, probably responding to parental road safety warnings,
overused the "fast" clarification; in contrast, older boys underused that
category. Older girls tended to overestimate speeds, but there were no sex
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differences for the younger children. Observation distances also influenced

velocity judgment. As expected, discrimination became more difficult as the

observer-vehicle distance increased. These findings have been replicated and
extended to show that estimations of vehicle arrival time improve through at

least age ten (Hoffman, Payne, & Prescott, 1978).

Physiological theorists generally use electrophysiological research
methods to seek evidence of motion-sensitive units in the visual system.
Levick (1965) found evidence of cells receptive to slow stimulus movement at
or before the ganglion cell layer of the retina in the rabbit. Hubel and
Wiesel (1965b) found three different types of cells in the visual areas of
cats which respond best to particular stimuli such as slits, edges, or bars,
and particular velocities, in one or both directions. Also working with
rabbits, Barlow, Hi1l, and Levick (1964) found that two synaptic layers of
ganglion cells abstract direction, speed of motion, and localized dimming and
brightness from the retinal image.

Ethical concerns have prevented electrophysiological studies of movement
sensitive units in the human visual system, but there is psychophysical
evidence for the existence of such units. Carlson (1962), in a study with 19
college juniors, found that prolonged motion stimulation in one direction
diminished the sensitivity to movement in that direction. Little or no
aftereffect occurred when adaptation and test motion were in opposite
directions however, thus supporting the existence of retinal units which are
differentially sensitive to direction. Sekuler and Ganz (1963) also found
similar results.

There 1s also psychophysiological research which indicates that the human
visual system has several velocity-sensitive mechanisms, each responsive to a
specific range of contour velocities (Pantle & Sekuler, 1968; Sekuler &
Pantle, 1967).

As mentioned earlier, these studies have not examined developmental
aspects such as motion detection. However, Lovell, Kellett, and Moorhouse
(1962) used a Piagetian task with 60 primary and 40 subnormal chiidren to
examine the development of logic in velocity perception. They found that most
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of the five- and six-year-olds could discriminate‘betueen faster and slower
velocities with trains which start s1multaneously;and travel equal distances
but vary in time of arrival. When one train traveled a longer, more
circuitous route but started and stopped simultaneously with the other train,
it took until age nine for 75% of the children to correctly se]ect (and
Justify their choice logically) the faster of thé two trains. Nine-year-olds
could correctly judge that when trains are travefing at the same speed, the
longer journey will take more time. |

Thus,'it appears that preschoolers, if they have any capability to judge
velocities accurately, can do so only in the simplest cases. It is unlikely
that the traffic environment would be kind enougﬁ to offer them only simple
cases however. It is also evident that there is:/1ittle direct evidence
dealing with this ability during the preschool age, so further research will
be needed to isolate the reasons that preschoolefs have problems in this
regard (cognitive, physiological, experimental, ?tc.) and whether training of
some type might be of benefit. :

|
i

i

I[. G. Causality

Children's understanding of causality is anoﬁher skill which develops with
age. Sandels (1970) reports that young childrenjbelieve that adults will
always be kind to them and that drivers of cars Qill be able to stop instantly
i1f a child is threatened. There is supporting evidence that children as old
as eight years of age fail to perceive cause-anqLeffect operations in
interpersonal relations (Bobroff, 1960). They sbem to feel that powers exist
which can solve all problems and make everyone wappy. Husband (1973) also
reports that children expect nothing bad to hapﬁen to them in the traffic
situation or that by simple means (i.e., crossiﬁg fingers) they can protect
themselves. 5

While understanding of causality in terms oﬁ social relations may develop
slowly, physical causality develops in infancy.} A four-month-old can easily

master a task involving striking a switch to tuﬁn on a light several feet
away, even though an eight-month-old will have ﬁroub]e with this task (CRM,
1971). The older infant has begun to understan& causality, at least for

|

1

66



proximal events. His imperfect knowledge about spatially separated
- cause-effect causes him problems. The four-month-old takes it in stride, as
if 1t were magic, with no explanation required.

Piaget (1952) feels that children's first perception of causal
relationships is animistic; i.e., things move, act, and react in terms of
their own built-in thoughts, feelings, purposes, and volition. The care
children give to certain toys and stuffed animals is evidence that they
perceive things animistically, as is the anger and displeasure they can show
to the same objects when the objects do not follow the child's wishes.

Animism is succeeded by artificialism, the assumption that events happen
because some agent or force wills it for purposes of its own. Often children
will ask, "Who made it snow," or "Why did they make the leaves fall off the
tree?” For Piaget, true rational causality does not appear until age seven or
eight (Piaget, 1930). Thus these 1imitations place the preschool child at

risk in terms of sti11 one more ability in relation to the traffic environment.

[I. H. Short-Term Memory

Memory is another capability that affects children's safety as
pedestrians. Short-term memory, which affects the child's ability to remember
information about the position, speed, direction, etc. of traffic for any
particular crossing activity, will be discussed in this section.

There is evidence indicating that short-term memory develops during
childhood. Threé-year-o\ds can recall only a series of three repeated
numbers, while seven-year-olds can recall five (Hetherington & Parke, 1979).
A tachistoscopic presentation to adults and five-year-olds indicates that
adult's short-term memory was four items and the children's was less than two
items (Haith, Morrison, Shingold & Mindes, 1970). Avery (1974) concludes that
the short-term memory of children is considerably poorer than that of adults
and speculates that lower performance is due to the fact that the short-term
memory of children cannot learn and store as much information as an aduit's
short-term memory. He believes their rate of forgetting may differ very
little from adults and cites support from studies which indicate that from
kindergarten on, children use the same memory search processes adults use
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(Belmont & Butterfield, 1969; Hoving, Morin & Konfck, 1970). As will be noted
below under long-term memory, more recent researcﬁ contradicts this latter
conclusion (Kobasigawa, 1974). Belmont and Butterfield (1969) have also
concluded that different age children have the same rates of forgetting from
short-term memory, and they suggested that the impaired memory performance of
young children is not a function of their capacity to remember; but of their
lack of expertise in determining the relevant things to remember and their
lack of use of encoding mnemonic devices. Even cpildren in grades K and 2 are
not able to process information for storage in short-term memory as quickly as
older children and adults (Cermack, Sagotsky, & Héshier, 1972; Gummerman &
Gray, 1972).. ’

Vinje (1978) has concluded that there is bothfqual1tat1ve and quantitative
development in children's short-term memory. The%codabil1ty of information
and its resemblance to the structures the child has at his disposal affect the
amount and manner of storage. Because position aﬁd orientation of objects are
particularly difficult for young children to remehber, Vinje feels that
preschoolers will have difficulty in remembering‘&he position and driving
direction of oncoming traffic, particularly when :they are on an unfamiliar
street. However, the accident data indicate thaﬂ most children are hurt close
to home, implying that some other compensatory mechanism operates in that
situation, or that the mechanism fails to operaté in familiar surroundings.
Vinje also concludes that children under age sevén have little likelihood of
interpreting information such as speed and distaﬁce, so the limitations of
short-term memory for these children are somewhat irrelevant given those more
serious limitations. Other capab111t1e§ aside, ?he limited abilities and
experiences of preschoolers still place them at ;15& in traffic in terms of
short-term memory. This implies that young children may have more than they
can safely handle crossing even the simplest traffic 1anes alone.

II. I. Reaction Time

In the traffic situation a child frequently has to process incoming
sensory information, usually visual or auditory'énd then react to it in some
manner. The amount of time for this process to occur 1s referred to as
reaction Lime. Laboratory studies have provided%a great deal of evidence

1
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indicating that both auditory and visual reaction time decrease with advancing
age.

Elliott (1964) compared adults and kindergarten children in an auditory
reaction task and concluded that the poorer performance of the children was
"due primarily to the fact that the children were far less able than the
adults to maintain an undivided and persevering attention to their task® (p.
30). In a later study (Elliott, 1970), he rules out physiological differences
to account for young children's deficits in this area since children
(six-year-olds) have the same latency of initial wave-evoked potential visual
signals as adults {sixteen-year-olds), and they have shorter nerve pathways
but with the same conduction velocities as adults. He indicates that
preparatory set, the readiness to respond to a signal, is the central factor
responsible for children's deficits. His research with simple auditory
reaction time tasks for five to thirteen-year-olds and adults reinforced his
earlier conclusion that children were not attending to the tasks as closely as
adults. He also feels that attempts to train children to do well in such
tasks are necessary to really determine the magnitude of adult-child response
time differences.

Pick, Christy, and frankel (1972) used a visual reaction time task with
second and sixth graders. They attributed the shorter reaction times of the
older children to developmental improvements in selective attention. Blake
(1974) examined the visual processing speed of four- and eight-year-olds and
adults. tight-year-olds approached speeds and 1imits of adults and seemed to
use the same strategy, whereas four-year-olds had much lower capabilities than
the two older groups and a completely different, less effective, processing
strategy. Liss and Haith (1970) found that tasks which involved visual search
slowed the processing speed of four- and five-year-olds but not older children
or adults.

Ethert and Eichorn {1977) examined auditory réaction times in four and a
half through sixteen-year-old children. They found a consistent improvement
in mean reaction time from 4.5 to 16-years of age. The largest improvements
occurred during the four and a half to five and a half and five and a hailf to
six and a half age ranges. They conclude that the improvements they found
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with age and experience were the results of a major maturational component and
a very minor learning component. |

Cratty (1979) advances two other theories besides the attentional deficit
explanation that might explain the decrease in reactton time as a function of
maturtty. One of these, proposed by Luria (1932), holds that the general
excitation produced by the stimulus spreads not oh]y to the motor system, but
also to other parts of the brain, causing responses which interfere with the
appropriate response. As children mature, they boild up a functional barrier
to such diffusion. On the other hand, Surwillo (1971) beljeves that the
faster reaction times of older children are produced by neurological
maturation and associated information processing o1fferences rather than
attentional or diffusion differences. He based this conclusion on findings
indicating changes in brain wave functions paralleltng reaction time
improvements and the fact that artifically speedtpg up or slowing down those
bratn waves altered reaction time. He also.conclpdes, as do Echert and
Eichorn (1977), that improvements are most rapid in younger aged chiidren.

Thus, there is a variety of evidence to 1nd1ohte the deficits young
children have in this area, and there are severa\fposs1b1e explanations for
these deficits. While findings are based prtmarily upon laboratory results,
there is no reason to suspect that preschoolers would show much improvement in
a natural setting. This is especially the case since this capability fis
highly dependent upon attentional and motor sktlls capabilities that are also.
very limited for this age range, and since acttvtttes which require a visual
search, whtle the traffic setting does, seem to exacerbate the deficits in
young children. |

Jh. J. Motor Behavior

The ability to walk and otherwtse tnteract with the environment is clearly
a capability most pedestrians develop as preschoolers The developments that
can be expected from various age ranges have been described by Gesell (1940).
As a preschooler approaches his/her third birthday, walking becomes
automatic. Balance has improved, and Lhe child hay frequenlly Lry stunts _
beyond. his/her ability. He/she can run and gallpp. jump from a height of 18 .
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inches and walk a straight 10 foot path, one inch wide, stepping off only two
or three times. Preschoolers at this age can then walk and attend to some
other tasks, but there is no indication that they can attend to a complicated
tasks such as watching for traffic yet.

Between ages three and four, the child gains the ability to walk with
uniform length, width, and speed of step. He or she can balance and walk
backward with ease, as well as run easily and smoothly. Cratty (1979) points
out that until about four and a half or five-years of age this running ability
is not matched by an ability to start efficiently or stop quickly.

Between ages four and five, the child improves steadiness and gait.
Better coordination of movement of all body parts is evident. Running can be
done smoothly at different speeds, and sharp corners can now be negotiated.
Starts and stops can now be accomplished quickly and easily except under
distracting or emotional circumstances. Between five and six the preschooler
improves the abilities he or she already possesses. Strength, grace, and
economy of movement all improve.

Gunther and Limbourg (1976) had four and five-year-olds and six to
nine-year-olds turn a wheel to make a toy car drive a track. The younger
group could not stop their movements within a second after the presentation of
an auditory or visual sign, but the older group could. As Vinje (1978) points
out, this 1s a quite different movement from walking or running. He also
points out that the generalization can be made that preschoolers cannot be
expected to come to a sudden stop. Although it does not follow directly from
the Gunther and Limbourg results, the limitation may be true based on Gesell
(1970), Cratty (1979), and other research on reaction time and motor behavior.

Thus, the preschool period encompasses a wide range of motoric abilities
on the part of these children. The changes occur fairly rapidly and are one
of several reasons the use of separate educational materials for relatively

narrow age ranges seems appropriate.
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1. K. Impulsivity

Sandels (1975) has noted that young children have difficulty surpressing
sudden impulses and are therefore 1ikely to run into the road without
warning. A glimpse of an object, a barking dog, an impromptu game of tag, or
any number of similar circumstances, real or imagined, can trigger such
impulsive behavior. The evidence is clear that this behavior is a major
problem, since dart-out type accidents are by far the most prevalent accident
type young children are involved in, as has been hoted earller.

There s no directly relevant research addresﬁing the developmental
aspects of this behavior that we have been able t§ locate. However, there fis
a great deal of evidence that as children mature they are better able to
inhibit immediate impulses and respond in a more ¢ogn1t1ve]y oriented manner.
Such fesearch typically examines the reflective-iﬁpuls1ve disposition of the
child. Children classified as reflective tend to?gather more information and
respond to a given situation more slowly and thoughtfully than children
classified as impulsive.

. |

White (1965) has reviewed this issue and.concjuded that young children are
poor at response 1hh1b1t10n. They can follov'commands for action, but not for
restraints of action. Young children also have difficulty restraining their
first-available response in favor of a later respénse. This situation does
improve with age, however. White's model 1nd1cat¢s that the cructal stage is
during the five to seven year period, when the chﬁld has matured and gained
some experience as well, that the associative function can be inhibited in
favor of a higher level cognitive function.

Kogan (1976) and Messer (1976) both agree tha¢ there are developmenfal
aspects of reflection-impulsivity. .  Further, thesé effects may vary with sex
and SES. Kogan (1976) provides evfdence that thié dimension does relate to
motor inhibition, a necessary link if these laboratory data are to have any
relevance or meaning for the traffic task. |

The remaining issue concerns training; can thé disposition to impulsivity
be modified? Kagen and Kogan (1970) and Messer (i976) review a variety of
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methods (forced delay, reinforcement for increased response time or decreased
error, modeling, and direct use of scanning strategies) which attempted to
accomplish this goal. Both reviews conclude that it is possible to modify
this disposition, although the studies reported used school-aged children, not
preschoolers. Some teaching strategies were more effective than others,
notably the combination of teaching scanning strategies with appropriate
training materials and having the child verbalize the strategy aloud.

Thus, children's impulsivity is a problem. For the age range of interest,
the safest course of action seems to be to keep the child away from situations

where impulsivity will threaten his or her safety.

I[I. L. Risk Perception

Vinje (1978) reviews a number of studies on this topic to determine
whether young children behave unsafely in traffic because they lack the
appropriate capabilities or if perhaps they simply do not see the risks
involved in their actions. Gunther and Limbourg (1976) examined the pulse
rates of children who played with a doll crossing a street with toy cars
present. Ocio (1973) used a similar situation: only the doll was a car
passenger. Neither study revealed any pulse rate changes, but there was no
evidence that such measures were related to actual risk perception.
Galvanic skin responses were affected by looking at pictures of dangerous
traffic situations. Nine and ten-year-olds apparently exhibited signs of
anticipation for these risky situations, unlike five to eight-year-olds who
gave no such signs (Heinrich & Langosh, 1976; Finlayson, 1972).

In the U.S., Martin and Heimstra (1973) examined the hazard perception of
almost 1,500 children (grades 1, 3, and 5) from a variety of backgrounds. The
children were given the Perception of Hazard Test, a series of 10 photographs
that they were asked to rate in terms of risk using a five-point scale.
Pictures used included a street scene with a model unprotected in the middle
of the street directly in the path of an approaching car. Age, sex of the
child, sex of the model, geographic and socioeconomic variables were all found
to influence the perception of risk. In terms of the traffic picture, there
were no respondent sex differences, but the sex of the model made a great
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difference. When the model was female, risk was génerally underestimated
relative to the adult estimates, especially for the youngest respordents. The
opposite was true for male models; the risk was overcstimated, pariicularly by
the older children. | |

Unfortunately these studies do not shed a great deal of l1ight on the
ability of preschoolers to perceive risk. It may be inferred that a variety
of influences will affect their choice, but until further work with this age
range is undertaken, their ability in this regard %an only be speculated.

| | |
III. EDUCATIONAL CAPABILITIES OF PRESCHOOLERS |
|

III. A. Ldng-Term Memory

While there has been research on the ]ong—termjeffects of traffic
instruction on children discussed elsewhere in thié report (J. A.
Rothengatter, 1977, 1978; T. Rothengatter, 1976), %his research is not really
memory research. Vinje (1978) feels that real mem?ry work is distinct from
the practical contents of traffic instruction and that generalization from
that work would not be in order. However, for the}purposes of this study, and
for the age range of interest, it seems important io examine this area fur ther
to study the evidence on-the 1imitations of long—térm memory in preschoolers,
and see what abilities they have to remember instrﬁctions. There is evidence
for a clear developmental trend in long-term memory (Hetherington & Parke,
1979). Brown (1975) has made a distinction betweeﬁ memory as knowing, memory
as knowing how to know, and memory as knowing about knowing, and these
processes provide a means to examine the developmeﬁtal differences in memory.
The knowledge children have influences how they store and retrieve new
information. Children of all ages use an organize& and constructed manner to
store information rather than storing it in a random fashion, but the process
varies with age. One such way 1s the increasing u§e of categories and verbal
labels as children grow older (Flavell & Wellman, 1977). Children, like
adults, may also remember things in a way which seéms Togically correct to
them, and they may later have trouble distinguishiﬁg their logical elaboration
from the original event (Bransford & Franks, 1971;EParis & Lindauer, 1977).

|
i
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Memory as knowing how to know can also account for developmental
differences. 0lder children and 3dults use intentional strategies to improve
memory more often and/or more effectively than younger children. Flavell
{1970) examined the use of rehearsal in children from grades K through 5, and
found that children whose 1ip movements incdicated spontaneous verbal rehearsal
remembered better than those who did not. Ffurther, use of spontaneous
rehearsal increased from 10% among kindergarteners to 85% of fifth graders.
These results were interpreted as a production deficiency for younger
children, not a mediational deficiency, since when the experimenter suppliied
the label or instructed the younger children to label, their memory improved
greatly. The use of 1mdges has also been demonstrated to aid young children,
grades K through 3, in remembering (Wolff & Levin, 1972). There is also
evidence that the organizational basis for memory, the pattern of clustering
used to store information, changes with age, with younger children showing
more evidence of a production-deficiency in clustering than older children
even within the two to five ége range (Rossi & Wittrock, 1971). In terms of
retrieving information from memory, there is evidence that third and sixth
graders use plans and strategies more effectively than first graders
(Kobasigawa, 1974).

Knowing about knowing also develops with age, as older children become
increasingly aware of their own memory ability, of what they find easy or
difficuit to remember, and they learn when to use special strategies to aid
memory. Fifth graders are more likely than first graders to study harder for
a difficult test than an easier test, to use appropriate memory aids, and to
predict when they have studied enough to retain the material (flavell &
Wellman, 1977; Markman, 1973).

Thus, in terms of long-term memory, there does appear to be a
developmental trend, and the development continues well past age five, so
preschoolers are nowhere near their peak memory capacity. The main exception
to the above was research conducted by Nelson (1971) which found no long-term
forgetting or short-term (immediate retention) differences in children from
age seven to thirteen, although memory for reconstruction of six or nine card
matrices did improve with age. While this is beyond the age range of
interest, it is still worth noting that even for those ages, the absence of a
developmental trend appears to be an atypical finding.
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Yeaton and Bailey. (1978) have demonstrated thit elementary school children
can retain the effects of traffic safety instruction for at least 12 months.
They used an instructional:package implemented on the street corner to teach
six crossing skills to’'children in grades K-3. The immediate impact of the
training was significant, and the skills were ma1ﬂta1ned, or easily recovered
by remedial training, over a one-year period. Fuﬁther research will be needed
to determine the abilities of preschoolers to retain traffic safety
instruction for any length of time. |

ITI. B. Understanding Rules

w
A child's ability to understand and obey ru1e§ can also affect his or her
safety in traffic situations. There 1is consideraqle evidence to indicate that
this ability s a cognitively based skill which improves with age. Piaget
(1972) feels that until age seven, children do noﬁ demonstrate an
understanding of games with rules. Sutton-Smith d1971) describes a number of
games played by young children (Ring Around the Rdsie,'Farmet in the Dell,
etc.) which are almost a ritualized form of symboﬂic play. They do involve
rules, defining parts for each participant and thé sequence of action, but
there is 1ittle or no true understanding of rules;? Eiferman (1971) examined
the school recess play of about 14,000 Israelf chiﬁdren between the ages of
six and fourteen. She found a peak of interest in rule-governed games from
ages six through ten, reflecting the rule awareneﬁs of the concrete
operational child.-.However, unlike Piaget's belief that rule-governed games
remain as a central form of play until adulthood,ﬁshe found a marked decline
in interest that set in as'early'as second grade fn some schools.
. _

~ Bobroff (1960) acknowledges that children can{kollow game rules, when -they
are in the six- to eight-year-old range, but until they are ten or so, they
are not fully cognizant of the role of ruies in regulating the behavior of o

interacting persons. While younger children may demonstrate 1nflexible7l'u:Awﬁ5»ﬁm

adherence to rules, by age ten, children generally master the details of the
game rules and follow them correctly. . ]

~ Merchant and Rebelsky (1972) found that five tb seven-year-olds who
participated in making up rules were more flexibleg1n changing the rules than
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control children who were not part of the rulemaking. Within this age range
there were no grade K-grade i differences. It was concluded that the
experience of rulemaking showed those children that they could make rules, and
that rules can be made by mutual agreement for cooperative purposes. How such
children or even younger ones react to the road-crossing where “one is
basically laying down inviolable rules for children to follow" (Avery, 1974,
p. 19) remains to be seen. The fact that younger children show less
flexibility (i.e., rule-bending) than older children may in fact offer them
more protection in the traffic situation, although their inability to adapt to
changing environments may simultaneously offer them less protection.

Gagne (1970) believes that the learning of rules occurs late in the
developmental hierarchy of learning. To learn z rule, the child must be able
to chain together two or more concepts. Acquisition of this ability is
dependent upon the mastery of earlier types of learning: stimulus learning,
stimulus response learning, chaining, verbal association, multiple »
discriminations, and concept learning. He speaks of developmental readiness,
but does not provide specific ages for these types of learning. Concepts such
as rules, taking turns, fairness, etc. are still elusive for preschoolers
(Newman & Newman, 1978). Children are usually more intrigued with the rhyming
and cadence of the rules and regulations they recite, rather than
comprehension of the material. Pease and Preston (1967) found that children
who were able to recite a "Kerb drii1" (i.e., When you cross the road by day
or night/Beware of the dangers that loom in sight./Look to the left, and look
to Lhe right/Then you'll never get run over) were not able to implement this
lesson. Children were found to regard left and right as parts of the
environment rather than directions in relation te themselves. Further, the
recitation of the drill was more important to the children than implementing
its 1esson. The authors conclude: "It is felt that the way in which the
child'undertakes the dri1l in the experimental situation lends support to the
interpretation that the kerb drill is seen as merely a safety rite to be gone
through crossing the road, in that the child's movements appeared anything but
natural, and the eyes were directed right and left without apparently focusing
on what was there. The way in which many of the children walked across the
road during the experiment was for the most part extraordinarily stylized" (p.
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312). However, Rothengatter (1977) provides a me&hOdological criticism of
this study and questions the conclusions presented, despite their face
validity. | |

Thus, the understanding of rules is an ab111ty beyond the reach of most
preschoolers. Any rules used for this age range @ust be very simple, and
1ittle faith should be placed in their 11kel1hood*of being followed. Primary .
emphasis at this age should be placed on other concepts and abilities that
emerge before the understanding of rules. ‘ | '

III. C. Concept of Left and Right

Children's ability to understand the concept 6f left and right ailso
develops slbw]y and later than the-before-beh1nd.felat1onsh1ps,d1scusséd
ear lier under spatial relations (Piaget & [nheldeﬁ, 1956). Vinje feels that
children begin to understand this concept in terms of their own body by age
five or six, but that until age nine or so, it u1f1 not be developed'enough
for use in traffic. Even then, as Sandels (1975)$p01nts out, a significant
number of nine-year-old children cannot use th1S‘$b111ty to wqtch for
traffic. The def1c1t-young children display regaﬁding this concept goes
beyond'not understanding the terms. Five-year-olds who saw a film of a girl~
facing them perform a perfect road crossing, becaﬁe confused about which
direction to look first, even though they had doné so correctly before
watching the film of the girl model (Pease & Presﬁon, 1967). Thus, this
concept appears to have minimal 1nstructiona]'ut1ﬂ1ty for preschoolers.

i

II1. D. Communication

A child's ability to communicate affects his o} her ability to understand
instructions regarding traffic safety, to comprehehd*commands and traffic
signs and signals, and to deal with both adults anp peers in the traffic
situation. There is convincing evidence from a vafiety of sources that
‘children's communication abilities improve during §h1ldhood. The discussion
here w1ll'be Timited to post-infancy periods, even though there is extensive
evidence that infants can and do communicate effectively well before they

learn to talk.
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Reference 1s one of the basic functions of language; it 1s easy to
conceptualize, and thus, it has received a great deal of attention recently.
Much of this interest has been prompted by the concern voiced by Glucksberg
and his colleagues that the increased attention devoted to linguistic
development has not been paralieled by concern for the processes by which
children learn to use lanqguage to communicate {Glucksberg, Krauss, & Higgins,
1975).

Wellman and Lempers (1977) examined the referential communications of ten
| two-year-olds in a nursery school setting. They videotaped and scored the
communications in which one child wanted to point out, show, or display a
particular referent (object) to another child. The results indicated that
two-year-olds were surprisingly sophisticated in their communication
abilities. The speaker usually addressed the listener when they were together
and even more often when the l1istener was uninvolved. Speakers and listeners
were aimost always within sight of each other and physically close, and often
in direct eye contact with each other when the communication began. Moreover,
speakers and listeners were almost always near the referent. Most of the
communications received an adequate listener response. Ffurther, these
children adjusted their communications appropriately (more communication in
difficult situations, less in simple situations). The speakers were also very
adept at using the feedback the 1istener provided, often repeating and
clarifying messages when necessary but rarely when it would be redundant.

Shatz and Gelman (1973) examined the referential conversations of
four -year-olds who were introducing a new boy to adult partners and
two-year-old partners. They found that the four-year-olds switched their
speech patfern to accommodate the different audience: shorter utterances, and
more attention-getting and attention-holding words with two-year-olds, the
opposite with adults. The complexity of the grammatical construction was
appropriately adjusted as well, and adults received communications which were
more polite and cautious than those for the two-year-olds.

Research with four- and five-year old speaker-listener pairs who were

visually separated provides a somewhat different picture regarding children's
capabilities. When the referents were novel graphic forms, the pairs could
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not cdmmunicate adequately (1.e., the listener couid not select the
appropriéte target described by the speaker). When pictures of familiar
objects were used, performance improved (Glucksberg, Krauss & Weisherg,
1966). A later study with children from grades K, 1, 3 and 5 indicated there
were no initial performance differences, but that practice rapidiy improved
perfofmance for the older children (Krauss & Glucksberg, 1969). Whitehurst
(1976) has also demonstrated a developmental 1mproVement for speakers within
this age range; Cosgrove and Patterson (1977) found a similar developmental
trend for listeners of this age. Seven-year-olds are also somewhat better at
utilizing listener feedback than four-year-olds, 31though the type of feedback -
offered seems to be a more dominant factor than age (Peterson, Danner, & |
Flavell, 1977). Explicit verbal meSsages were effective for both ages; facial
expressions were ineffective for both ages. Onlyjthe ability to respond to o
relatively inexplicit verbal expressions of nonco@prehension improved with age{b
A‘variety of efforts have been undertaken to érain or ‘improve children's
referential communicaiion abilities. Researchersfconducting early studies in
this area assumed that problems in these referential situations were primarily
the result of egocentrism, believing Piaget's (1926) argument that children
under seven or so years of age will be unable to éccommodate the perspective
of the listener. Many of the early studies used ﬁours of practice in mostly
unsuccessful attempts to improve children's commuh\cative skills (Fry, 1966,
1969; Shantz & Wilson; 197two, Dickson, 1974). Léter studies which assumed
the problem was something other than eogcentrism met with considerable
success. A brief 30-second plan.offered to 1istehers in grades K, two, and 4,
emphasizing the importance of asking for 1nformat$on when appropriate,
significantly improved their communicative perforﬁance (CoSgrove & Patterson,
1977). A later study found that modeling proper %trategies was also
effective, that the effects of‘plans and modeling?cou]d generalize to
different stimuli, and that the effects persisted for up to two weeks or more
{Cosgove & Patterson, 1978). An analysis of the 500+ questions asked by
listeners in the former study revealed only three;that could be classified as
egocentric. Thus, these studies and those discui%ed earlier, demonstrating
the abilities of even two- and four-year-olds to‘hdapt communications
appropriately, fail to support the'Piagetian notfon that egocentrism is the

prime contributor to children's communication faﬂlures. In fact, a recent
| .
|
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study explored the possibility that such failures might be due to either
comparison deficits (a failure to compare referents to information provided by
the speaker) or to action deficits (not knowing what to do if the comparison
process revealed that a message was inadequate). The results were clearly
consistent with the action-deficit hypothesis, indicating that young children
often realize when they have a communication problem, but they simply are not
sure how to solve the problem (Patterson, Massad, & Cosgrove, 1978).

These studies demonstrate the importance of encouraging children to ask
guesiions when they‘do.not understand a communication. Parents and teachers
often assume that if a message is unclear, the child will automatically ask
for c]arification{‘but this is simply not the case. However, with very simple
techniques, children can be trained to do this. There are also a number of
nonverbal cues which preschoolers exhibit when they fatl to comprehend a
message (Patterson, Cosgrove, & 0'Brien, 1980). Parents and teachers can be
trained to recognize these signals (increased hand movements, longer response
times, increased eye contact, and for K-4 children, but not preschoolers,
increased body movement) and adjust their instructions accordingly.

III. E. Vocabulary

Another concern that parents and the educators of young children need to
remain cognizant of is the limited vocabulary of preschoolers. A _
comprehensive investigation of children's vocabulary was conducted by Smith
(1926). She used pictures to elicit words from preschoolers, and also gave
credit for knowledge if the child answered a question which implied
understanding of a key word. While the data are probably an underestimate for
today's children, they still provide a useful gauge of a child's vocabulary at
a given age and an estimate of the rapid growth of vocabulary. She found that
two-year olds have a vocabulary of almost 300 words, mainly nouns. By
two-and-a-half the child is rapidly increasing his or her vocabulary on a
daily basis to about 450 words. At age three the child has a 900-word
vocabulary. This trend continues through childhood. By age six it is over
2,500 words (Smith, 1926).
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The fact that children have words in their vocabulary does not mean they
can comprehend their meaning. Asch and Nerlove (lQGO)»found that preschoolers
had great difficulty understanding that words can have psychological as well
as physical meaning (e.g., sweet, cold). They couid apply such adjectives to
only physical objects. When they begin to apply the psychological properties
of these terms, they do not realize the re)ationship to the physical
properties. Comprehension of both contexts did not develop until past age
twelve. Schreiber and Lukin (1978) found that chﬁ!dren (3.5 to 8 years of
age) could identify situations as "safe® or "dangerous,” but without
understanding the factors that made the situationfsafe or unsafe.

The comprehension issue is important in termsﬁof road safety materials
too. Cattell and Lewis (1975) examined the understanding of traffic-related
words in children aged five to eleven. ‘' They founq a variety of age
differences and compiled a 1ist of several hundrea words and their
understanding rating by each age group. This lis# provides a number of
important findings, e.g., "behind* is understood by 96% of the five-year-olds,
and "before" by 95%, but "ahead" is only understqbd by 39% of these children.
Sargent and Sheppard (1974) spent a great deal oﬁ effort to test children's
understanding of words and phrases for use in thé Green Cross Code, because
there is wide variance in this regard and because it is so important to «
maximize understanding. Firth (1975) analyzed-réad safety descriptions given
by 400 children aged six to twelve and found thaé very few chiidren mentioned
road safety direétly or adequately, and that thefe were significant age
differences regarding the frequency of use of words and phrases associated
with roads and road safety, including mention ofsfhe “Green Cross Code®, which
was the most commonly used term by all ages. Thé term “kerb dril11", on the
other hand, was rarely used, and there were no significant age differences for
that term. Sandels (1970, 1975) reports sim11aﬁ findings with Swedish
children. There is also considerable variabili%y among five- to
eight-year-old Japanese children in their understanding of traffic terms

(Saito, Nakamura, Hoshi, & Hibi, 1978). ]
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II[. F. Traffic Signs and Signals

Children's knowledge and comprehension of traftfic signs and signatls is
also poor. Sub-Group II (OECD, 1978) reports on several studies, apparently
with German children, dealing with this topic. Hartwig (1969) found that a
third of over 100 children aged four to seven could not identify even one of
four road signs shown to them. Michalik (n.d.) reports five- to six-year-olds
have great difficulty understanding which side of the traffic light in an
intersection applies to them. Richard (197%) reports that while about 50% of
six- to eight-year-olds regulate their behavior primarily according to traffic
signals, 30% believed that they should use the behavior of other people as a
model. Sandels (1975) reports on misconceptions preschoolers have about
traffic signs (e.qg., pedestrian crossing signs referring to adults only, or
school/playground signs meaning run across the road to avoid being run over).
She summarizes childrens® abilities in this regard:

The studies of signs showed an astonishing lack of knowledge of
traffic signs both on the part of playschool and primary school
children. Both the lack of interest in the signs and the
misinterpretations show the extent to which these small children are
immature road users and how little ability they possess in this
situation. (p. 100)

It is unclear from research conducted to date whether the limitations
preschoolers have are due to primarily poor instruction, or to a naturail
limitation on their ability to understand such abstract problems, or to a
combination of these factors. Further research will also be needed to
identify the ages at which children can begin to receive useful instructions
about signs and traffic signals.

III. G. Logical Operation

Parenls and educators must also be made aware of the limited ability
preschoolers have to understand terms referring to logical operations
(negation, connectives, either - or, etc.). This ability also appears to
develop during early childhood, but slowly. Feldman (1972) conducted research
on several hundred three- to seven-year-olds to examine their understanding of
negation. The children were asked to hand the experimenter “all the blocks
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that are not red," or "all the non-red blocks.‘ior various other specifica-
tions. 