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ABSTRACT

The National Electronic Injury Surveillance System (NEISS)
is reviewed and evaluated with respect to the sampling methodology,
employed, the collection and management of the data, and the
uses to which the results are put. Regarding bicycles specifically,
previous studies in the area are reviewed, and the treatment of
the NEISS reporting of bicycle-related accidents is discussed.
Recommendations are made concerning the work to be done during

the remaining eight months of the contract period.
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I.

Evaluation of NEISS data collection system

. A. Sampling

The demographic data upon which the sampling plan is based were drawn
from the 1960 U.S. census. In view of the time during which the planning
was done, this is quite understandable. However, there was a 13,37 increase
in population in the U.S. from the 1960 to 1970 census. Further, and perhaps
more important, there were geographical.shifts of the population and also
shifts from rural and central city to suburban dwelling. Since the place
where a pérsoﬁ iives will influence to some extent the products he uses,
these differences may be important. An additional effect on the NEISS data
is that the weights for the strata are no longer correct. This means that
estimates formed from the data will be biased. The direction and magnitude
of this bias is unknown; it may not be a major problem. However, for a
system which emphasizes '"real-time" data, it does seem that by now the
more up-to-date census information should have been included. Some compromise
between updating and maintaining the system needs to be reached. The sample
cannot be changed too frequently, due to the time and effort involved in
such a change. Neither can it remain the same indefinitely, however, since
population shifts will eventually affect the product-associated injuries
to the extent that any inferences drawn would no longer be defensible. The
use of the 1960 census in the original plan does not appear to be a major
drawback, but it does introduce some bias into the estimates.

The use of hospital emergency rooms as the data collection sources
has some obvious drawbacks: not all persons injured are treated there, and

those who are are likely to differ from those who are not. CPSC estimates



that about 40% of injuries are treated in ER, the others being treated in
physicians' offices, at home, or elsewhere. To the extent that the socio-.
economic variables of the group treated at emergency rooms differ from the
others, and to the extent that these differences influence these persons'
uses of products, the data obtained from NEISS will be in error. On the
other hand, ER's represent a good starting point for the collection of such
data. However, these data cannot be blindly accepted as representative..
The design of the sampling plan seems to be unnecessarily complex.
(See Appendix4lvfor a detailed description of the sampling procedure.)
The reasons which may have called for such a plan are not evident. I would
have suggested stratifying the U.S. geographical location to ensure coverage
of the entire U.S. (since product use and hence injuries are associated
with geographical region and climate, and since the surveillance nature
of the data desired would make it desirable to ensure coverage of products

with only local distributions) and stratification by size of the institutions

to improve precision. The plan currently used seems to reflect a misunderstanding

of stratification: one samples from defined strata; one does not select
strata at random and then sample from them, The implemeptation of the plan
appears to have resulted in a subset of the U.S. having been selected as

the population to which generalizations could be made. This subset was
selected with probabilities proportional to population, so there is incomplete
coverage on a geographical basis; the high-population areas were more likely
to have been selected. Within this set, institutions were stratified with
respect to size and location and were then sampled with probabilities related

to the size of the institution, Thus, high population was in a sense given




a weight twice, making it unlikely that low-density areas would be represented.
The net effect has been to eliminate large geographical areas from the sampling
and to concentrate data collection mostly in densely populated areas.

The actual probabilities with which each institution (of the 2300 left
in the subset of the U.S. to be sampled) was selected are extremely complicated
and can only be computed with a great deal of effort and computer time. One
severe drawback of this is that revision of these probabilities becomes very
difficult. In the design of the sampling plan no consideration was given
to the praéticél'problem that not all of the institutions selected might
agree to participate, or that some of the institutions might subsequently
drop out. In actual practice, only about 60% of the hospitals selected by
the sample agreed to participate. The other 407 represent second, third,
or further choice replacements. Further, a number of institutions have
dropped out, reducing the proportion of the original sample. The result
of the nonparticipation problem is that the weights calculated for the
institutions in the sample are not correct. This does not seem to have been
realized by the CPSC. Further, there seems no way of calculating the correct
weights. As a result, all of the projections to national estimates are in
error. The magnitude of the errors is unknown. However, basing policy
decisions on data which are known to be erroneous, without a solid estimate
of the amount or direction of error, is certainly undesirable and should be

corrected.




B. Data Management

Even if the sampling plan used by NEISS were sound, the collection
and management of the data leaves much to be desired. The basic data are
obtained from the individual ER records. Although this does entail the use
of several different forms, this is not a serious problem so long as all
of the forms contain the necessary information and so long as all are
accurately recorded. However, the person who is responsible for obtaining
the data is usually the admitting clerk in the ER. This is a low-skill
position with a large turnover rate., Further, these persons have had little
if any instruction from NEISS. Yet all the data to be obtained depends
upon them. The data that they record oﬁ the ER form are the only data
available to code and send to the NEISS computer.

ER personnel in general tend to be primarily interested in treating
the patients, particularly if the injury is at all serious. Consequently,
it is easy to imagine that if there is any rush at all, the determination
of product information--which does not appear to be immediately related to
the treatment--may be slighted., To the extent that this occurs, data are
of poor, perhaps unusable, quality.

It is also possible for various biases to arise through this method
of data generation. The CPSC has over 900 categories of products. Few
persons could remember all of these with equél facility. The products
which are most familiar will get the most attention in determining whether
an injury was product-associated; also, any products identified by NEISS
for special consideration will likely turn up more frequently ﬁhan they

would had they not been singled out for attention.




Assuming that there are no conscious biases on the part of those who
fill out the ER records, there still remains the strong possibility of
unconscious bias to record some products more frequently than others. At
the very best, the basic, primary data collection is inadequately controlled,
and can be expected to result in different practices at the different institu-
tions.

Once the ER records have been completed, once a day, a person--different
from the one who filled out the records initially—-codes them and prepares
them for transmission to the computer in Bethesda. The position of the
person who does the coding varies from institution to institution, from
a junior clerk to a hospital administrator. The quality of the preparation
is not in question. However, in the case of severe, life-threatening injuries,
the person doing the coding may recall the outcome of a case whose status
has changed from the ER. For example, a severely injured person may have
died, or some one who was treated and released may have returned and been
admitted. If such knowledge is used in the coding, the data on injury.
severity will be changed.

The interactive data management via computer messages appears to be
quite good. However, this merely prevents inaccuracies from entering the
data during the coding or computerizing stages, It cannot help data which
were wrong or missing to begin with.

The set of data elements which is collected is quite short. Consequently
if does not include as much information as would be desirable. One such
major gap is in the details of the injury. Injury is coded only in the

NEISS matrix (see Appéndix II). Further, only such injury information as




is available in the ER is usually included. Later diagnoses or developments
are not included in the record unless by chance the coder happens to know

of that particular case and changes the ER record. This makes it impossible
to determine how a product may have caused an injury, or which injuries were
associated with which products in the case of multiple product involvement.

The most crucial gap in the information, however, is the complete absence
of any information on how the product was related to the injury. If such
injury information is to be used to determine the relative safety of a product,
then, logically, the injuries to look at are those which are in some way
product-caused. Injuries caused by defects in design or construction would
clearly call for remedial action on the part of manufacturer. Injuries
caused by misuse, or improper use, or inadequate maintenance might have been
prevented by safety information warning against the hazards of such misuse
or mis-maintenance. There is a need for data which would relate an injury
to the mechanism which caused it, so that preventive measures might be
devised.

A final crucial element missing from the data set is information on
exposure. The more persons who use a product, and the more that they use
it, the more persons who will have accidents while using that product.

Thus, the more popular and useful a product, the higher its raw frequency
of "associated" injuries will be. An investigation would probably show
that 80% or more of all injuries are "associated" with the underwear of
the injured person, since probably at least this high a proportion of
individuals were wearing underwear at the time of their accident. In

order for meaningful comparisons to be made, a measure of risk incorporating



exposure must be used in addition to the frequencies and severities of
injuries associated with products. Further, the association must not simply
be a trivial one.

One other potential bias in the data collection methods needs to be
pointed out. For a given injury, young children are more likely to be
brought to an ER for treatment than are older children or adults. Further,
a parent or guardian bringing a small child in for treatment is more likely
to give adequate information on the toy or product associated with an injury
than is an injured person himself. Consequently, unless some measures have
been taken to correct for or remove these biases, one would tend to find
young children over-represented in the ER population. Also, if this is
true, one could expect the product association to be more reliable for
the younger children. One would tend to see fewer product associations
among older persons. One would also see a more severe distribution of

injuries among older persons.




II.

Use of NEISS Data

The NEISS data, as described in the foregoing sections of this report,
are used by CPSC as an indicatbr of the safety performance of the products
under their jurisdiction. The Commission maintains that the function of
these data is limited to this indicator role, in that the data only provide
a direction for further, more déetailed investigations on their part. The
publication of the results of this data collection effort, however, tends
to present them more with the status of "facts" rather than indices for
internal consumption, and might be construed as somewhat of an inflation
of the meaningfulness of the system output. The remainder of this section

discusses the process by which the reported statistics are derived.

A. TFrequency-Severity Estimates

CPSC deemed it necessary, for purposes of cross-product comparisons,
to have a single number represent the degree to which a specific product
was responsible for the cause of injury in the population. The result of
this assumption is the production of a frequency-severity index--that is,
the sum for each product of the number of injuries, each multiplied by its
severity. Expressed in more mathematical terms:

I =

FS S

i

He M3 3

where IFS is the frequency-severity index for a specific product. Si is
the severity attached to the ith injury, and n is the number of reported
injuries for the product,

While having a considerable amount of face validity, such an index has



obvious limitations. First, the frequency involved is used to generate
an estimate of the nationwide index for the occurrence of such injuries
and is, therefore, subject to the effectiveness of the sampling plan in
achieving representativeness. This has been discussed.above. Secondly,
as will be discussed below, the severity‘index itself is an arbitrary one,
and there is no apparent justification in combining these in the form of
a linear additive model. The presumption, for example, that an injury at
leval 4 is three times as bad as an injury at level 1 cannot be accepted
without some rationale in terms of such variables as cost, discomfort,
disability over defined time periods, days of lost work or lessened
efficiency, and the like. Toward the higher end of the injury spectrum,
the linear additive assumption in combining the data elements appears even

more tenuous.

B. Age "Adjustment"

The CPSC, feeling, and probably correctly so, that the same extent
of injury affects various age groups differentially, thought it wise‘
that the indices produced by NEISS be adjusted or weighted for age. The
original decision was to give a weighting factor of two to injuries occurring
to individuals ten years old or younger and to those sixty-five years of
age and older. The weighting has subsequently been removed from the data
pertaining to the elder of these two groups.

This weighting scheme is arbitrary; no rationale is given for using
it other than some obvious common-sense criteria. As to the younger group,

it is assumed that CPSC is concerned, as is our society in general, with
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adequately protecting children. The weight then is present to help identi-
fication of products which are more dangerous to children. It is well known,
however, that the younger group will suffer less injury and recover faster
from the same trauma than will an 6lder group, and it is nowheré evident
that a weight based on age alone, rather than a combination of age and type
of injury, will do anything toward making a useful adjustment. In the case
of the older victims, the reverse is true. The same trauma may well produce
injuries which are both more severe and more costly to the individual and

to society, and yet the attempt to get at this phenomenon by an increased
weight was discarded.

To the credit of CPSC, we must say that they are well aware of the
inadequacies of the scheme currently in use with regard to weight. Their
staff is presently at work on new and hopefully better procedures, and the
above critique is intended to emphasize the complexity of the problems they

face.

C. Scheme for Weighting Severity

The operators of NEISS are also the prime users of the system, and
one of their chief objectives is to detect problems with specific products.
The frequency of associations of products with injuries is not considered
alone to be a good enough indiéator of a problem area. The severity of
injury would affect their consideration, and since more severe injuries
would indicate more severe problems, it was decided to weight the severe
injuries more heavily than less severe ones. The weighting scheme used

is purely arbitrary, and the NEISS people are quoted as saying that it
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"has an algebraic rationale but not a real-life rational." It seems unlikely

that an arbitrary weighting scheme can be said to have an "algebraic rationale,"

but what this is intended to imply is that the formula for calculating the
weights is constant. After arbitrarily assigning a weight of ten to a

severity designation of 1, the other weights are calculated by:

C -l
Wy =W+ (10T )

where Wi is the weight of the ith severity index. This formula produces

the following table:

10

12

17

31

81
340
2516
34721

0 N o & WwNN -

The last entry in the table has recently been revised, and the weight for
the highest severity index has been assigned, again arbitrarily, the value
of 2516.

.Without a great deal of further research on the topic, nothing substantial
can be said in defense of or in opposition to the severity weighting currently
in use. It is simply one of an infinite number of such schemes. It is not,
however, at all obvious to the general reader of the NEISS statistics how
the weighting may have affected the numbers presented. We intend, in a
later portion of this brogram, to develop alternative weighting schemes,

each based on a set of definable criteria, and recalculate what the NEISS
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output would be, given each of these. We would hope thereby to gain some
insight into the complexity of the problem and into the sensitivity of the

output to weighting differences.

D. In-Depth Studies
Although this report deals very heavily with the NEISS data collection

and reporting system, it must be recognized that this system represents only
the first step in the process of performing CPSC's function,. No decisions
as to regulatory actions the commission is empowered to take would be made
on the basis of NEISS data alone. NEISS has the function of sensitizing

the commission staff to problems which may exist. Further steps taken
before the institution of any regulatory activity include: (1) product
testing in either their own or independently operated laboratories;

(2) consultation and discussion with the product manufacturers; and (3)

more detailed studies of specific cases identified by NEISS as potentially
important.

The last of these, the so-called “In-Depth" studies, since they are

a subset of the cases occurring in the NEISS data set, are restricted in
their efficiency by the limitations of NEISS itself, They are considered
necessary, however, because it is only by such studies that the actual causes
of accidents can be determined. Among the causes of product-associated
accidents are defects in design or manufacture, inadequate or misleading
‘information on product use, improper or non-intended use of the product,

or merely the proximity of the product ét the time of the accident. Each

of these possibilities, or a combination of them, implies a different type
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of action to be considered on the part of the commission; and this information
as to causality is considered vital to their deliberations.

Any evidence acquired through in-depth studies of NEISS cases, while
useful for producing insights into possible problems, must at this time be
viewed as rather weak from the statistical point of view. The reason for
this is, first of a11? the sampling deficiencies of the NEISS system itself.
Beyond that, however, there appears to be no systematic procedure defined
for the selection of cases to be studied in depth, and the studies are
restricted to those where the voluntary cooperation of the accident victims
is readily available. Time and budget contraints make it difficult for CPSC
to do otherwise at this time, but if this class of activity is to attain a
status other than as a stimulator to intuition, considerable thought must

be given to its proper design and execution.
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III. Applications of NEISS Data to Bicycle Safety

Several deficiencies in the sample design and the data collection
and management of NEISS by the CPSC have been discussed in the preceding
sections. A number of these deficiencies seem to apply with particular
force to uses of the NEISS data in considering bicycle accidents.

As mentioned before, the error in the sampling scheme resulted in the
selection of a complicated geographical subset of the U.S. as the population
that was in fact sampled. This subset is roughly the drawing areas for the
2300 hospitalé ﬁhich were not eliminated at the first stagé. Since the
elimination was based on probabilities which were proportional to population,
the chosen subset is presumably of higher population density than that of
the U.S. as a whole. In viewing a map with the NEISS hospitals located on
it, it can be seen that large regions of the Midwest and West (other than
the West Coast) have been excluded, Thus the regions which were in fact
sampled would have been those with high traffic density, and could be expected
to have rather more bicycle-traffic accidents than the more rural, small-
town areas.

A great deal of the bicycle use in this country is by children. Accidents
which result in minor injuries to children are more likely to result in medical
attention than are the same injuries to adults, As a consequence the ER rates
will typically be more complete for younger children than for adults. Hence
products which are used more by children than by adults may be expected to
appear in somewhat excessive proportions. When coupled with "age-adjustment"
to severity suggested by CPSC, this appears to present a strong bias toward

over-representation of young groups.
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The calculation of the so-called "consumer product hazard index" and
its publication by the CPSC does not appear to be an appropriate use of
the surveillance data from NEISS. First, the NEISS data do not appear to
be sufficiently reliable for sucH use to be made of them, due to the sampling
and data collection inadequacies. Second, the index is bésed on an entirely
arbitrary injury sevgrity scale. Third, the index is based on mere association--
there are no data to indicate the presence or degree of product fault in
any of the injuries. Fourth, the index is simply a sum of raw data; the
more popular and widely used a product is, the larger its score on this
index will be. In order to construct a "hazard index" one must have and
incorporate some sort of exposure data to indicate any sort of relative
risks of products.

An index of the sort used by the CPSC can be useful as an internal
device to alert the CPSC to areas where there are substantial numbers of
accidental injuries. However, to some extent it does this by pinpointing
products which are widely used. It does not pinpoint products which are
particularly hazardous to the user. In order to assess the hazard of a
product, more information is needed. First, there is a need for exposure
data. This need seems to have been somewhat slighted by CPSC. Secondly,
there is a need for additional information on the types of injuries and
their relation to the product in question. It is crucial to determine
whether the accident and/or resulting injuries were the result of some cause

unrelated to the product in question, or were in fact the result of the

product. If they were actually related to the product, then the possibility
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of some action to reduce the risk or severity of such injuries is present.
However, there is a need for sufficient information to determine whether
the cause was due to a defect in design or construction, which would call
for a construction standard; or to inadequate maintenance, which might call
for an educational standard; or due to intentional misuse of the product,
which might call for a warning standard, or perhaps for legislation dealing
with the use of the'product (enforce the prohibition against riding a bicycle
the wrong way on a one-way street, for example).

In order to obtain data of sufficient detail to use in these aspects
of the CPSC, in-depth investigations are necessary. The cases for such
investigations must be selected and pursued in such a manner that the results
can be related to the frequency estimates for the whole set of accidents.
Thus, in order to recommend a bicycle standard, information should be available
to indicate how it would help prevent injuries in certain types of accidents,
and also what the frequency of such accidents is. It is impractical to write

a standard which could apply, on the average, to only one accident a year.
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Literature Results

Several studies in the last five to six vears have attempted to draw
conclusions about thé nature of bicycle accidents occurring, the characteristics
of the population to which they occur, and/or the properties of bicycles
involved in accidents. They have ranged in scope from a single city's
children to a state's bicycle-motor vehicle accidents over three years
involving children in five nationally distributed semi-urban areas. F.J. Vilardo
and J.H. Anderson (1969) gathered exposure and accident data on 20,000-plus
children in grades 2 through 8 in Arlington Heights, Illinois; Ann Arbor,
Michigan; East Baton Rouge Parish, Louisiana; Los Angeles, California; and
the State of Delaware. The sex and age distributions of all bicyclists
and the approximately 4,000 experiencers of bicycle accidents were fairly
similar. The per cent distribution of ostensible accident causes is shown
in Table (a)-2. Vilardo and Anderson observed that boys had more motor-vehicle-
involved accidents and girls more falls (riders of girl's bicycles experienced
"significantly more knee injuries'). In approximately 70 per cent of the
accidents the bicycle had been used as a toy, in 23 per cent as a general
transportation vehicle, and in 7 per cent as a transportation vehicle specifi-
cally to or from school. While 38 per cent of exposure respondents claimed
night-time riding, 3 per cent of accidents occurred then.

E. Brezina and M. Kramer (October 1970) looked at 275 bicyclists (5-14
years, 937% males) in reportable bicycle/motor-vehicle collisions in the 10-
month school 1969-70 and a randomly chosen comparison group of 1,000-plus 8- to

13-year-old male bicycle owners. According to the investigators, risk factors
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"relaﬁed primarily to the bicyclist's comprehension of risk inherent in
different roadway enviromments, prediction of traffic movement, and control
of the bicycle.... Aﬁong the bicycle factors examined, the adjustment of
the bicycle to the rider has the most significant influence on the risk of

' Relative risk of collision

collision, especially among young riders.'
involvement increased as bicyclist ground-level clearance increased.
Approximately half the collisions involved standard configuration bicycles,
while 35 per cent of the comparison group owned such bicycles. The investi-
gators, lacking use information by configuration type, were reluctant to
draw firm conclusions regarding relative risk but they suggested "among

11- to 13-year-olds a lower collision involvement rate... is found for
high-rise bicycles" compared with standard configuration bicycles. Further,
they suggested younger riders of hand-brake-equipped bicycles are more at
risk than those of bicycles with foot brakes [note that Rice and Roland
(April 1970), studying the dynamics of bicycle design, suggest front wheel
(hand) brakes have "hazard potential"]. 55 per cent of 259 collisions
involved bicycles crossing some flow of traffic; 57 per cent occurred within
one block of home.

In February, 1969, P. A. Waller and D. W. Reinfurt published an investi-
gation of some 2,400 fatal and non-fatal bicycle/motor-vehicle accidents
reported in North Carolina July 1965 to June 1968 relative to 1966 motor
vehicle accidents. They analyzed the physical circumstances surrounding
the accident,bdriver and bicyclist characteristics, and vehicle (car) and
road characteristics. The aﬁthors summarize: "It appears that the typical

bicycle accident occurs in clear dry weather during daylight hours....The
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cyclist is usually a young male between 10 and 14 yearé of age who apparently
emerges unexpectedly from,...[an] intersection of some sort. Fatal bicycle
accidents appear to be associated with the older bicycle rider." About 25
per cent of bicycle fatalities occurred at night on unlighted roads, but

only 6 per cent of all bicycle accidents occurred under such conditions.

A four-month study of ownership, use, and injury patterns among 3- to
12-year-olds in the Burlington, Vermont area (J. A. Waller, 1970) was intended
to determine if standard and high-rise bicycles differ in associated rate
and/or severity of injuries. With 104 injuries (97% of all éccurring) and
6,200 comparison cases, no differences were observed between the two bicycle
styles. A per cent distribution of accident causes is shown in Table (a)-3.
While about 30 per cent of owners stated they rode after dark, no accidents
occurred then. Eight accidents involved contact with an automobile; 69 per
cent occurred within one block of home. In the range 5 to 12 years, of
6,185 owners a four-month injury rate of 11.2 per 1,000 owners (based on a
total of 69 injuries) was calculated.

During approximately the same period as the Vermont study, exposure and
accident data (the former from a school sample, the latter from the sample
plus emergency room and police department records) for children 5 to 18
were gathered in Raleigh, North Carolina. E. A. Pascarella (1971) found
no real differences in frequency or category of accident assoeiated with
bicycle style [a breakdown of the latter may be found in Table (a)-1].
Accident subjects tended to be younger and to have fewer years riding
experience than those without accidenfs. Bicycle age and condition and
passenger-carrying status did not appear to influence risk... An overall

accidint rate of 1.58 per 1,000 miles (based on 60,109 miles, 95 accidents

xm3
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and 397 owners) was calculated. It was further estimated that 15.7 per cent

of accidents would result in no injury, 76.3 per cent in mild injury (first

aid only), and 8 per cent in physician-, emergency room-, or other hospital-
treated injury. [Contrast this distribution to the Market Facts, Inc. survey

(1970) cited by NEISS that says 82 per cent of injuries are treated professionally.]
Pascarella uses ownership, milqage, and accident rates to project approximately
9.46 million accidents occurring annually in the United States, with about

760,000 requiring medical attention. Note that this estimate, made in 1971,

is nearly twice that made by NEISS (403,000) in 1973.

NEISS conclusions about the associgtion of accidents with any particular
aspect of bicycle style, structure, or condition is made primarily from their
"in-depth" investigations rather than reports on all accident cases arriving
at emergency rooms. These in-depth cases have included referred death certi-
ficate information as well as any very severe (category 6, 7 or 8) injuries
and cases that look interesting or are called to someone's attention. The
surveillance data give frequencies of injury types and to which age and sex
groups. For example, of 11,403 injuries during the period July 1972 - March
1973, 13 per cent were fractures (J. A. Waller reported 20 per cent fractures
out of 104 injuries in Vermont). Using NEISS in-depth cases, a per cent
distribution of accident causes is shown in Table (a)-4., The age and sex
distributions of non-fatal cases and of total input records from the May,

1973, Staff Analysis are virtually the same.
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Table (a)
1. Pascarella 2, Vilardo
All High- All Middle- High-
types rise Std types weight rise
N 218 3,952
All Types 100.0% 100.0%  100.0% 100.0%2 100.0% 100.0%
 Bicycle Struck Car 2.8 1.9 3.5 7.9 8.4 6.0
Car Struck Bicycle 6.4 3.7 8.2 5.3 5.3 4.4
Bicycle Struck
Fixed Object 4,1 3.7 5.9 15.1 14.5 16.0
Bicycle Struck
Bicycle 7.3 8.3 4.7 18.3 17.4 19.3
Fall 72,1 75.0 69.4 53.3 54.3 54.3
Other 7.3 7.4 8.3 - - -
3. J. A. Waller 4, NEISS
All High-
types rise Std All types
N 104 119
All types 100.07 100.0% 100.0% 100.0%
Car Involved 9.6 2.0 14.0 -
Hit Obstruction 17.0 15.0 19.0 -
Loss of Control 20.0 22.0 18.0 63.2
Foot Caught 11.0 10.0 11.0
Bike Broke 2.0 2.0 3.0 Body Entanglement
Rode too close to 16 .7 e¢ azlca
Stationery Object 8.7 10.0 8.0 St ant 1
Other 31.7 39.0 27.0 9.2 ructura
Table (b)

Breakdown of '"Mechanical and Structural"

Pascarella NEISS
N 30 20
All types 100,07 100.07%
Brake Failure 20,0 35.0
Wheel and/or Handlebars
Unstable or Disengaged 50.0 35.0
Other 30.0 30.0
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Discussion and Recommendations for Further Analyses

The authors met with the managers of the NEISS system at CPSC in
October of 1974 and ag that time requested that their data tapes be made
available to HSRI. The tapes for 1972 through 1974 aré now in hand and
are in the process of being readied for use with MTS (the Michigan Terminal
System operating on an IBM 370/168 computer).

We propose to uise the NEISS data in four basic research areas as
follows:

(1) Extract data on individual products in a manner which decomposes
the frequency-severity index into its component parts. This will allow us
an unweighted view of the accident distribution over products for each level
of severity coded and provide the basis for the next step.

(2) Determine the sensitivity of the NEISS output to differences
in both age and severity weighting schemes. We will construct a number
of reasonable weighting schemes for both age and injury severity and generate
for a selected list of products the resulting frequency-severity indices.
This will allow us to determine the effect of these weights as an influence
in the possible reordering of priorities which are designated by the results.

(3) Establish the influence of errors in sampling on the projection
of nationwide estimates. By a reassignment of the probability fractions
associated with the different sampling units we can investigate the effect
of taking into account, for example, changes in the census.data from 1960
to 1970.

(4) Calculate the estimated variance in the frequencies of accidents

estimated for a selected list of products. With this variance estimate and

— s
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the bias estimate discussed in (3), we can estimate the mean square error
in the frequency projections. Such information is necessary, since it
reflects the adequacy of the data and the magnitude of errors which may
result if policies are based on the data.

HSRI has and maintains a large set of data files covering highway
accidents over a large geographical area and a substantial time period.
It is our intention to search these files with respect to automobile/bicycle
accidents to establish a basis for comparison with bicycle accidents alone.
We will seek also to determine if other data sets exist which will help
us in any way in establishing the nature and extent of the bicycle accident

problem.
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o | MEISS SYSTEM A ESTIMATOR T UATTORS

1. IRTRODUCTION

Purnose. The purpose of this document is to portray the mathematical

equations for national estimates of consumer product injurles, based on

NEISS System A data.

The prl.er responsibility of the Division of Consurer Product Safety is

to proant the /T:r an consuner a;alpst unculy hazardous or potentially

a'

bazaréous products used in &nd around the home or in recreaticnal areas.

To fulTill this responsibility the Pivision of Consurmer Product Safety

rmust first cdetarnine how wony of such injuries occur, the severities of

theee injuries, ana the types of products involved. The estimator equa-

tions permit naticnel estimates of various items of interest, such as the
J

numver of injuries of a svecific natuve., Thcse national estivotes, in

f):

turn, may be uced 1o provido prosran

.
iraction, such es:

. A

L. Tdentify the ragnitu des of these injury problers.

N\

Tdentify specific consumer preducts directly related
to such injuries.
3+ Suggest the need for standar& uafcty actions, or
.. Yemedial actions.
L, Provide necessary data for evaluating the effectiveness
of those items in 3, where action has been taken.
9. Assist in planning future inproveicnts to the NEISS

System A.

Backrround. ‘The Division of Conswier Product Safety is currently irple-~

renting a latioral Electronic Tnjury Surveilleonce System (HEISS). The

data collection of Injurics by weans of querying a probability sarple of

s

e
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A Raport on Methodology.

were subsequcntly

'hospital emergency units 15 designated as

arpling plan used is sirilar o the Hezals

Svatem A within NEISS. The

h Interview Survey

(HIS), which itself is similar to that o

the Current Populntion Survey

1 .
(cps) . | . . | I

For carmling purposcs the CPS

gtructure for the United States: Tﬁere arc som 3100 count

constructed the following hierarchlcal

ies and in~ -

dependent cities in the U.S.. These were combined in verious vays to

form 1900 contiguous units called primery sarpling units.

B

combined to form 357 strata.

n,

were co'aanca to form 100 superstreta. Tne

also the HIS) is built around thic hierarchical structure.

reprecentation ol the structure is given below:
. T T PRy
31C0 countlies and indopendent cities
SR LN Y r TR T TR T, WIACT I I~ s
4’
o= - K RIS 5 rer, SO LT T, e
X.lOCO prirary cawpling units ] 1.6
. ’ J!
gt

~ lOO-Superstfatél 3"37'§/$5 e
N .

U.S. Burcau of the Census: The Current Fopulation Survey--

Tectinical Faper io. T. Washington,

U.S. Goverament Printing Office, 1943.

These

1900

Finally, the 357 strata
sarpling plan of the CP5 (and

A schenatic

c‘/;g,u"'.c; a cf’u:-: /rS v

2| counhics e Clieg /:J

/

——

e e ——

TR

A s S @ IR SRR T

e
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‘e ~ 2. THE SAMPLING PLAN

The 1EISS System A sarmpling figgg consists of those hocpitals in the U.S.

which had emergency units in 1953, as determined by the American Hospitai

As SOCiauIOﬁ at that time. Long-fbrm hospitals and feceral penal hospitals
are cxcluded from the frare. After those cxclusions; there remain 4906

hospitals with euergency units, and it is from these 4905 that the sarmle

of hospitals i to be drawn. o .

.
Tns sarpling occurs in 2 stages. Staze T conscists of selecting one stra~
tunn from each. of the 100 suparstrata. This yields 1CO strat ta, and Stege II

consiste Of sarpling from within these 100 strata the actual individuzl

hospitals to be included in the survey.
NEIES: Stnze T. For each of the 100 superstrata, the stratunm cheosen to

represcent it

(o4
3
3

€]

c+

“J

o

[}
-

Pl

wn

f'v

-J

tzd at random on a population provertional
basis. The probavility of selccting a particuler stratum within a super-

stratum is equal to

human population® of the varticular siratum.
hUWJn populaz on* ©f Tae superstraium

For exarple, if a superstratum consists of 3 strata whose populations are

~.

1000, 2000, and 3000, then the probabilities that the Tirst, sccond, or
third of these wvould be sclected to represent the supcrsiratum would be

1/6, 2/6, and 3/6, respectively.

*
- Human pepulation is based on the 1960 U.S. Census
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Of. the LGOG hospitals in the sampling frame, 2606 appear in the 257 strata

" elirinatad by Stase I, and the remaining 2300 appear in the 1CO strata

deternined by Stage I. Subscquent sacpling (Stage II) is confined to sam- -

pling from these 2300 hospitals. A schematic presentation of Stage I is

given below:

100 cupersirata
vilh LGGS hospitals
| ' '
Vo v
100 strata (one from‘cach superstratun) o
with 2200 nospitals

IEISS: ©Siasze TI. Stage IT consists of sampling, from the 2300 hospitals

—

deternined by Stage I, the actual individual hospitals to be included in
the survey.
A useful rmethod of increasing 4he precision of injury esiiuaies is to

F SRR A 13 Y 44 .
stratify the heoopitals 1

|93

e —_—
1 Tle sandhlic

—

strata. Then at least two hospitals are sarpled from each siretum. For

FEISS System A stratification was doue on a geographical and hespital-

»

size basis. This process yielded 39 strata internzlly homogencous with

regard to geographical location and nhospital size.
~

The geographical portion of the stratification was dene by cozbining the

100 strata deteruined by Stage I into 13 Blocks of approximately equal

huran population. The Blocks are relatively homogencous geographically.
Fach Block is commpletely contained in one of the four regions of the U.S.

(Northcast, North Central, South, of Vest).

The stratification by hospital-size was done by usirg the nurker of emer~

gency room visits (JRV's) in 1963 across hospitals. To this end, the

-

LY
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TABLR 1

Distribution of tke é300 Hospitzls determined in Stage i,

by Block and Subdlock .

| (!
Q‘Z\ ‘ - M Y. ;L./';\’ tea ¢
ety 90"". 250
. - Subhlock . :
Block D LY 2 (T 37 Total
1 I FRER 55 W5 o PERE
2. 7 39.— 51 "110 199
3 13 2l 29 95 145
.k 21 32 C 56 130 218
5 22 18 30 89 137
6 23 19 27 119 - 165
7 a2y 21 30 112 153
8 3l 16 22 03- 101
9 33 5 16 103 129
( 10 33 16 3 111 160
11 16 46 s 207
2 4l 27— 56 178 - - 257
13. 4y 29— L7 115 - 191
Total 250 1.7 TS oG 1515 (g« 2300~
1§%: 1Y% Q‘/_o
ci»\*“"\"‘ L )
e -
) ‘
\l\\.

~7

[
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. fThe 39 cells in Table 1 are tHc firal strata uscd for N’IQS System A.

All timetes are bascd on tlhese 39 stirata.

It rermains to determine the number of hospitals to be sampled within each

.

stratum, and to spacify the methods for selecting them. The sampling
rates are, for esch block, about 187 for Subblock.l, T% for Subblock 2,

-t - . N 2 s
end 2% for Subblock 3. Subblocks with larger hoapluals are samolnd at

1." e

—

greeter rates tecruse the larger HCaDludlS have more varlatlon. The

percent of totn YRV 's carpled will bc‘about ll%ﬁ for the 2300 hospitals:

~~,

T

N - /\ . .
W e 20 a2 09 A

\_/
The total rurber of hospilals sampled is 119, and their distrivution, by

Block and Sutblock, is given in Tedle 2.
The 5 hospitals shown in Teble 2 for Suddblock 1, Blocn 1, for instance,
arc randomly selected without replzcemant from ihe 28 hospitazls for the

-

sare stratum Zn Tadle 1. Roughly speaking, the probabilities of selec-

"tion are population proportional on a 1658 ERV basis.



TABLE 2

Distribution of the 119 Hospitals sarpled in Stage II,

by Block and Subblock

Subblock A

S ————

Block 1 2 3 Total
1 5— L, 3- 12
o I7 6 - 3 2 11
3 13 4 2 2 8
L 21 5~ b 3 12
5 2R 3 2 2 T
\62% 3 2 3 8
7 AT L 2 2 8
8 3/ 3 2, 2 7
93+ 2 2 2 6
1033 3 2 2 7
11 =7 3 3 3 9
12 = 5 — L L 13
I 2 5 = 3 3 1
. Total 51 35 33 119
15%0 2% o

\
v



L 3. TROZABILITY CALCULATICHS.

S

(’“ 'Inta'ﬁo:uircd. Consider an arbitrary cell fron the 39 cells in Table 2,

| ’nnd an arbitrary hospilal, Hy, in that cell.A A generél expression will
‘be derived fér the probabiiity,.?(ﬁx), that this hosgpital is included in

...the sample of 119 hocpitals. Tnis genefal expression may then be used;

" - &t least in theory, to calculate such probabilities fof cach of the 119

hospitals in the sample. To calculate ?(Hx) we requirg:

1) s:tﬁc 1950 human populgtion of the CPS Stratum T
containing Hye
.112) Sztbe 19€0 human population of the CPS superstratum
containing liy.
3) methe number of nospitals (Table 1) in the cell
 containing H;.
(T. %) rathe nurber of hospitals sarpled (Table 2) in the ceoll
coﬂtaihin; Hyo E -
5) A renk ordefing of the m hospitals by nutber of ERV's:
Hospital: W, 3 W, 3 vy Hea o
Ko. of ERV's: Ny By oo™ Ny
:Itcmé‘é), 4) and 5) are common to cvéry hospital in the same cell of

Table 2, but items 1) and 2) are not necessarily so.

Probability Forjpulas., With the above notation, r hospitals are randomly

selected, without replacerient, from the m hospitals in the cell, these
n hospitals being determined by Stage I. 'The probability that Hy¢ is
sclcétcd(is the product of a) the probabiliiy that the CPS stratum con-

taining Hy is ﬁelecte@ in Stage I, and b) the probability that Hy is-

gelected as one of the r hospitals in Stage IX, given that the CPS stratunm

containing Hx was selected in Stage I.

Ne

[oEm————
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‘Me probadbility in a) is simply 5/S.. For b),-Hx.can be selected: first,.

.
£}

sécond, eee, Or last; Let pp be the prodability that Hy is selected

" first, pp the probability Hy is selccted sccond,>et¢. to p;. being the

probability Ly is selected last. The probability for_b) is then pyipo &

....Dr, and thus

P(\h»-— "(?;*Pz*.\..?r) o . o - (0)

et HEHIE PP be the total nusder of ERV's for the m hospitals in
the cell. Then the probability that H is chosen f st«is plun /n. The

probadbility that ¥, is chosen second }s
Lo 0 AR
'\,4 ¢CL"hn, c wc.r\ \ S & h:.»’\ \.\:1’.‘.\:») )

<where the ¥ indicates the summation is to be done over all hogspitals ex~

cept Hy, since Hy 1s 1o be chosen second ana sarpling is done without

replacernaat.
Lony 0e

U ST Y
the surmation b2ilg over the {(m-1) i's different from x. fThis last

equation mzy e rewritien as

T DAY

‘ ;' P --;{- “:’ i:)°?\ ,‘ [}

Similarly, the probabdilily that i, is chosen third is
A PR LA et Ny

Pom DR G e O
.

Iy s [ A LR TR (3 . .
the surzation teing over all i and j (from 1 %o m) for which itx, Jax,

~and igkj. Thus there are (m-1)(m-2) terms to be sumred, no two of the

indices i,J,x being cqual in any term.

.
\\‘

.ACCOrding to Teble 2 r is at rost 6, so only Pys Poy ooy PG require

matheratical cxpression. These forrulas are:
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e
-

- Nx
P
]
. ‘v . ( z)
- Nx = M ' :
e P e *
P2 = TN » |
Ay on MW | " : B (3)
AL ST _ L A e
P3 N ';: (n-n’,\,{wn.-nﬂ ‘ . o
¥ B Ay Gy ‘ | : L (“\
Pé - ﬁ}'\ C‘,- T ¢ . S T . ‘-r: : . . R "l
Lontunind Cooe . ' . N
3] “3 0@ (ﬂ":\“ STV ‘;‘(\"\’“5'1\4'“\‘.) - . »
e 10y 0p Ny | E |
P L - ()
¢ S e L e e aS '
Ya n tiv& a-nl ".“an‘) pet -t s-n;q\n-n‘ Ty v ) .
.o YNGRy 08 N )
n . \‘;. . Ty g ST A AT e | Es
B e s PR A RS R
‘ (7 Ve, e (f\-‘;\'h(\ "\. “.)1 (.o'g]‘ ,\ )\'n'.\‘ f: -0 1< ( f‘- ok\/‘\\" .\‘,’, \ > v
G;\\Av . .
\\ -
each surmation being over all possible perrmutatations of the indices. o
. \

Thus p, has 1 ternm, P, has m-1, p has (m-1)(n-2), p), hes (m-1){(m-2) ™

l i 3 . - \,r»"‘\b ‘\

(n-3), Pg has (m-1)(w-2)(m-2)(m-4), and pg has (m-1)(m-2)(n-3)(0-4)(n-5) \\\?ﬁ 3
. A N
terms. Equations (2) throush (6) above hold for every cell of Table 2, .

regardless of what r is. For any particular cell of Table 2 thourh,
where r hospitals are sarpled, only py throuzh p. neced be celculated,

as per cquation (0).
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(T\ taln cell, ond r=3 of thcn are

4 hospitals are as follows:

ty that, there.are m=h horpltal in a cer-

to be sampled. Suppose the data for the N

+ Hospital
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s 10 20 30 1o
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Corputer Calculations. The nurber of terms surmmed in the calculation of

/"\l"'

pr, for a hospital #, in a cell of Todle 1 vith m hospitals, is (m-1)(m-2)

eeo(m-rel). Tnis is the nunber of permutations of w-1 things taken r-l

4

at e tire, and is approxirately m to the power r-l. vThis nunber can be
rcduced.by & Tactor of (r-1){r-2)...3.2.1 by cxpressing formilas (1)

throuzh (&) as summations over combinations rather than permutations. The
‘ .

'
rmlas, (1) tarowa (6 ), ere given below, and their deri-

eppropriate

"‘)

vations eppeer in the appondix. A cotputer program was written to calcu-
late Py »hraugh v, end this, together with a documentation for it, also
appears in the eppendix. The conputer program was checked on a hypothet-
jical cell of Tadle 2 vhere me20, rzb, and the nurbers of ERV's for the 20
hospitals were in the ratios

1:2:3:0:,..:18:19:20
A second check vas done with ms20 and rzd also, but with the hospital EXV's
now in the ratiocs

- 21:22:23:2k1...:38:39:40

The program was written in Fortran IV and ran on a Sigma Five digital com-

puter. Total corputation time for the two checks was slightily under one

minute, or slightly under half a minute for cach.

The biggest corputational problems will occur in Block 2, Subblock 1 where

m is about %0 and r is 6, and in Block 12, Suvblock 3 where m is ebout 200

.and r is 4. The first of these requires about hOS, or 2° tires as many

-terms as the check run. Since 2°232 {he provabilities for this cell can

be calculatod i ationt 15 rimiics ol a compuler coiparable to a Sigma Five,

o

The secend requires abont #C07, or aboud twicn as many terms as ilc check

run, and should only fake aboul one minute. All rejuired prohabilitics

can te calculated in an hour or tvo.

Wbk ')( oA

[t
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"% e combinatorial lormulze for py throush pg are: - . .

LI R .

wheve
\

Yy t\

m=-1

- the first m integers but excluding x.

the sun teing over all ( k ) cotivinrations of indices il""’ik taken from

—~—
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C‘ a | L. ESTINMATION ‘ X
Hotation. Iet some characteristic of interest, C, be ziven. For ex-
ample, C right be ‘.. . St

P C = & r2le belveen LO and 50 years of age
A geing to a hospital emargency unit to
obtain treatoznt Tor cn accidental in-
- Jury associated with a power lawn mower.
L

It is assum2d that each ERY included in the sarple can be classified as

’ -
cither having, or not having, the characteristic C. let

Y =  tolal nurder of ¥RV's in the U.S. over , /“ ¥
a one Year period which have the char- |
acteristic C. 4 i

Y is the quentity to be estimated. Iet
hal,...,13 denote Block subscript {Tudble 1);

1=1,2,3 denote Subblock subseript (Tuble 1);

) . j:l,...,rhi ¢anote sampled hospitel within {le ..
- (hij}‘® cell of Taole l, vhere
Thi = muzter of hespitals sarpled in the (h~)ih cell .
{Table 2);
Y 1. th :
N4 3 mnueber of SEV's within the 7 hospital of
the (hi)® cell for the one year period in .
question; Tl ot
T whij..rpc’nro"al of the probability, (pr%...#*yri) s/S, e
that the J* hospital of the (hi)®h cell w111 . :
{ be included in the sarmle;
. . ' * . .o .
. Qi j =reciprocal (1/p ) of the pronability, p,, that - VI RO
. . .\ 4 -
this hospital s s selected first for he (hi)wh W s
. . : (
cell in Stage II. -
Firelly, let o

1, if the KM ERY for the 3D

hospital of the (hi) *P cell has
the charactlaristic C. ’
0, if not. ’

Yhi g

.

M. i



T
—

(

‘and lhe esiiean

“gum of ihese across the r

W,

..-..'l.~.

.

. Mo, Batinator Fauations.

A

th
C for ihe j hospital of the (hi)  cell is
A Y
Yh'\' = i \{\\‘\3\\ ’ | .
Yop= . | 3
n ' . th . .
ted nurter of ERV's with C for the (hi) cell is a weighted

.o . Celtn s v .,i'-' .".‘,.- . ., SRRCUNETERY
The number of E3V's having the characteristic

th

hospitals sarpled in the cell, the welghts

hi A
being the»rcciprocals, “hiJ: e . ‘ !
Y -
Q = 7, W Yoo, .
\“ K ‘l\‘b ‘\’ns-
J=1
A N
A

Finally, the estimate Y of Y is the sum of the ¥, . over all cells:

)\ V5 3 A

V=m %Y
PP FYI T

- Combining the lest two cauations, the estimate

YTRV's in the U.S. over a ¢

ne year period which have the

1otal numver of

’ "v'\._A ' T ':17 J -
S £1 h*&v) b} 5 E ‘
A 132 Yw ~
C;“ (:q , -
\, o z fa Oa \'&"\H \|\ I
5 L2 1y g .
Moo Ger dsy T
) Pis

This is the equation for actusl calculation

2 sets of 119 nurmuers each. The first set, Whij’ consisls of the recip~

T~

.

rocals of the probebilitics of selection for the hospitals. Tne second

N

set, Yhij’ consists of the total counts of ERV's having the characteristic

C, by hospital.

Varience Estiration. Sarpling of hospitals within a given cell is inde-

pendent of sarpling within
I

of the variances of the Y ;

h

. . th :
deperds only on between hospital variation within the (hi)  cell. There

N

other cells, so the variance of Y is the sum

A
across all 39 cells. The variance of Yhi

characteristic C

of Yo It is calculated from

is no within-hospital varialion because carpling is couwplete within hocpitals.

[

- e = amee =



Ceo | © 5, APPENDIX ' o :

Darivation of Feuations (1') throumh (6'). For what follows let

[] [+ “- . 04 om - ® [] » . ' .
. Nt \\1, ) N“- “ “\ (\5 ‘ ﬂ\'(- 7 . . s . } (A‘)
‘\\y: MDYy ORE M0 10y y eV e, _ TR B .
énd let

ra #oany | X atay Ny .

= 2 T,= 8 e T ST e g e Ve (N
TE SN DTG OWwy oo T G g Y )

where the sums are over all permutations of the indices excluding x.

Tnen from e:hatxOﬂs (A1), 2nd (1) throuzh (6), py=n./o and -

Pas M, LS Ny e . . <
P" Q0 ‘u) ?3 B 0 .Tz )(’1‘- © "".‘“ \1“- )(’..T(... . ({\?.:)

o w LoE 3 . | ‘
o Db - VA AL g Ve (R@)

/.— ABRY 4
D 0‘1\4 ‘s‘)\k

~eluding x. Finelly, define : | e .
* - . Q
fe] . 0 0 LX) ¢
- . 0 0
C,= & L C,= & S g Cuz & A e¥e., o “\5‘)
Y vy W fouv Wi SRR

. vhere now the suzs are over all éodbinétioas of the indices excluding ﬁ,'
'as denoted by the circles above the sum:a£ion signé. Denote by'Pg the
number of permutations of a thingé~taken b at a time: | - Coe -
Py = ol /(a-o)

The derivation of (1) - (6 ) consists of shoalng that

AN

YA=1
o (AL A .
2% T’:“'S’t "7'9\'“:53 v Py 5. | L A(i\b)
€ -4 1 Y
BETB:SS-BP‘\ ‘S/‘. 3 r\a53 P;\ S?‘ |
- vae5 - -’z A fae

e
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p nd "lm.unr' that Tl . e e e e

RN
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K cz,g;t)‘l"
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SoSElwe 7.\‘ C\g
suvstituting (A7) in equations (Ab), multiplving each side of the re-

the desired equations

.

sulting equations by ny/n, and using (A3) yiclds

(1") throuzh (6').

The derivation of equations (Ab) will be limited to showing thaet

n-2 . . : .
3 3~P 1 52. The others are derived similarly. Thus, using the fact.
11 - '
‘that b\o &) bea b’ ve get .
‘T - :,'- N0 Z:. R R TR U Lid ne Z_“. N,
I L T{T’ﬁ: =™ R R P ““".. S m
3 ALIRANA LK) 3 (XY \A \ 1
S ' . . \"-\'2-
- C e ’? N ""‘.‘ = s (VN - - =
B 6y (ma)E A = Gy -G, = S50 5,

To gliow (A7) with Y=k, for exanple, note that by symmeiry

. 2 . .
& - z‘j‘ (\‘ - T n\} - :" a-(:‘-.‘—\——
R o T R v B TP A o -
4 3\', \“)\'\. . ."\" \3:3}'. “*\r. ‘*\-05\~
so that ’
X 'y
N~ ﬂ,...'.},\\.. :
I T Cm . " 3 E E )
! 13\ “\5\& : _ . . g
and the sun is over all permutations of i,J,k excluding x. t for fixed

i,J,L the qu:mtltj nj jk Ju. i jk is invariant under the 3 permutations of

,j Y. Hence
v NI \’\;';\g ‘
3.) PR A TR NP LA S
4 .3" \\'J“ “‘) .\ ‘)‘\‘5\& o C/I 9 .

so0 that Sh::()t—-E)‘,Ch. The seneral case is similarly shown. This compleles

the derivation of equaiions (1" through (6’).
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